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Introduction

The Indian spiny tailed lizard Uromastiz hardwickii is found in
sandy areas with sand dunes and patches of xerophytic shrubs. The
animals live in burrows about a foot and a half below the surface,
where the earth is just moist. The combination of an upper layer of
sand with a lower layer of clay or silt serves to retain some moisture
in the desert areas. Through the upper sandy layer the rain water
quickly percolates and is retained to some extent in the lower stratum
of fine soil. This environment enables Uromastiz to live without risk
of desiccation.

The food of this lizard consists mainly of insects; sometimes it nib-
bles the shurbs present in its habitat. So the total intake of water
by this lizard is mainly from the insects and to some extent from
plant material. Since the animal lives in a somewhat moist habitat,
its skin may also absorb some moisture as has been noticed by Willey
in the case of Moloch horridus (the moloch), a highly spinescent lizard
of the Australian sandy deserts. The conservation of water is achieved
mainly by reabsorption of water from urine, which undergoes a process
of dehydration and gets converted into a solid pellet before it is eva-
cuated. In this respect it closely resembles the house lizard, Hemidacty-
lus which has already been described by the author (1956). Fundamental-
ly, the morphology and histology of the parts involved in the process of
conservation of water are almost similar in both the cases. However
certain interesting additional features have been noticed in Uromastix
as compared with those of Hemidactylus and are recorded in this paper.

1
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Material and Methods

Specimens of L’"rnmﬂsti;;r were coilegted ’fropn 0ben land roupg about
Delhi. As the animal ordinarily remaing buried undergmund, a gaod
bit of earth has to he dug out to reach the burrow ip which it actually
lives. The position of the burrows can be Spotted out from 4 number
of holes on the surface of the soil.  For catching the animal a gtick
is introduced into the hole till it reaches the burrow, ang the earth
around the hole is loosened apd dn_xg out tzl! the actual burrgw is struck
upon. Then the animal whieh lies sluggishly in the burrow cap be
picked up by hand. Animals thus collected were kept

. I a cage in the
laboratory with a layer of sand at the bottom of the cage.

ological studies of the urinary system th
weréFg;an?;nghimrﬁlediately afte? they were killed ang )
served condition. Most of the dissections were done ;imd?
microscope. For the study of hlstqlogy pgr’txorés of ¢ edc
kidney and the ureter were fixed in Bouin’s fluid, an
6 to 8 u thick were cut.

€ Specimeng
50 in a4 Dre-
I a binocular
oaca, bladder,
serial sectiong

Vg, 1. Uromastiy hardwickii.  Sokid pelicts
of arine  showy attached 0 he facces
which Iy filirouy angt black iy wiour, f.,

facces; . uripe pellet.

Functional Morpho!ogy

The process of dehydration of urine i

) $ accompi
eal region of the cloaca in the

ished in the coprogda.
Same manner zg

already described in
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behind in ¢
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of grooves, deep grooves between the folds which are the primary groo-
ves, and small grooves on each fold which are the secondary grooves.

The urinary bladder is essentially a urodaeal diverticulum ang
ordinarily connected with the urodaeal chamber of the cloaca. It is
functional in Uromastix and stores urine. It is worthy of note that in
UIromastir the bladder opening is not exactly in the urodaeum, but
situated in an antero-posterior direction in the centre of the region of
sphincter. The bladder narrows into a duct, which before actually
opening into the urodacum is guarded by a sphincter and a valvular
told. The folds at the opening of the bladder also have at their sum-
mits the secondary grooves. Some folds directed from the urodaeum
towards the bladder are broad on their urodaeal side and narrow down
near the opening of the bladder. Therg are a few folds facing the
coprodaeum which are broad at the opening of the bladder and narrow
towards the coprodaeum. These folds seem to regulate the passage of
the liquid urine in and out of the bladder respectively (Fig. 3.).

is

¥ig. 3. Uromastix  hardwickii. Diagram
matic sketeh of the male coprodacum and
wodacum showing the longitudinal folds
and grooves in the region of the sphincter
and the opening of the bladder. bl., blad-
ders ¢ copradacum: d.bf., dua of blad-
deri i, indet 10 the Wadder: 1., longitudi-
nalt folds: 0., outlet of bladder; op.bl.,
opening  of - bladder: o, opening ol
weter;  pgl, o primary grooves:

s
S.g.
\‘c('()ll(]lll‘y’ Jrooves; it wrodacum,

The wrodaeum is comparatively a smqll chamber intp which bo.th the
rinary and genital ducts open. The urinary and genital ducts in .t}}e
1_'1,11 ["vomastiz open independently, while in Hemidactylus they join
lt?ﬂfere(they or;én in a common urinogenital aperture situated on a
p‘;poilla. Another point of difference is fche abgence; of urir_lary papillae
in both the male and female Uromastiz, which in Hemidactylus ave

very prominent and are directed towards the coprodaeum.

The dorsal wall of urodaeum in the male (Fig. 4) is produced into
two pouches, the wrodael diverticula, which extend between the kidneys
and the cloaca, a little above the region of the.coprodaeum. Each
diverticulum is notched at the top and appears Sll.ghtly bilobed. The
diverticula are highly muscular and In a freshly dissected specimen =
slimy fluid could be extracted from inside these. A delicate duct in
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i iverticulum at the
: f { i trand is attached to each diver 1
the.iormf ?;;ean(‘:";?;:e ’?‘he ducts travel forward closely a}ll)phet%eioegae
f'(:l{ém(;lef;‘ens of its respective side and are attached at the o ,
near the hase of each testis.

op-bl

op.u-"’ : .

. L ostem
i i . . urinogenital  system. ) .
t nardwickii.  Dissccion of the 1\?:‘\.l:d' /, kr;(]hL’,\'; Spem.  an ducts
e dernals bl I‘V ider; €. coprodacunt; efl, cffmcxﬂ .‘.u‘ ) o ”nl)pnilig' of vas. defercos; .,
o ing ‘)"‘(] Jadder; op.it.. opening of ureter; f'/.z| mcters L, testis; ., urodaewn;
o ot o :‘l‘r(n"*'})//f folds in the region r01 sphi L
octodacum; r., rectunt o I in the region O,
!t“((l)u()::::)dacal diverticulum;  nr., Wewr ud.,
w.d.,
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the lower lips of the cloaca Th i

: ] . a, e histolog .
(p}l;q?aezg region of the cloacz} are almost tgsfgiinle?e.nts ot the ¢o-
lin;is' '?h& kf). The essential feature is the Presenc mf Heml’d‘.‘“‘ulus
ining with columnar, absorptive cells, each with be of the epitheliy]
lining is produced into a numher of uniform! a hasal nucleus. The

villi.  There is no differentiation into smo y, distributed Prominent

with folds like the coprodaeum of Hemidactzszg regri;)ln and la region
VS, € Mmuscle layerg

are fairly prominent but the laming propria is like that in Hemid
emidactylys,

i . ;
Fig. 5. Uromastix hardwicki; (a)
¢

verse section of the coprodacal Y.[l‘anx-
cloaca. (hy a magnificd view of eglon of
\'1[1le<. b, basement “lc”ll)l"m(,d_. single
capillary: con., circular layer :)l' (mllsccal/:

) scles;

eh., epithelium: L, jones i

: L onguding] Iy
e L 1 al layer
l,mm.l-“‘ {.p.. laming propuias my )m o
cularis mucosa: n. nucleus; s, sen o
submucosa, s

The epithelial lining of uro i
that the cells are shortzr in 1er§i§§ﬁ”:n§ ;lln
Each cell is cuboid and has a fairly 1
nucleus. The urodaeal diverticulum has a thick e
cles and the epithelial lining in each diverticulct Cl_rcul.ar layer of mus-
cells are of a secretory nature and resemble ”tT;1 s highly folded. The
S appear eruptedearrlrcliucous colls. The

elll;e tthat of coprodaeum in
da Ot absorptive in nature
ge and more op less rounde(i
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secretory material are observed inside the lumen in sections. Various
other cells appear vacuolated due to the presence of secretion within

the cytoplasm.

The sections of the ducts (Fig. 6) that run along the vasa deferen-
tia in the male Uromastiz show a very narrow lumen. The epithelial
lining has cuboid cells each with a fairly large nucleus and resemble
the cells of the oviduct of female. There are two circular layers of
smooth muscle fibres separated by a median longitudinal layer of muscle

Yig. G. Uromastix hardwickii. "I'ransversc
section ot the vestigial Mullerian duct of
male.

fibres. The longitudinal layer of fibres is comparatively very thick.
Sections also show that the lumen of the duct is confluent with the
urodeal diverticulum of its respective side.

The proctodaeum has the usual histological features, the cells are
very short, and in some the nuclei are so large as to occupy the entire
space within the cell, leaving only a thin peripheral cytoplasm in the

cell.

The urinary bladder is thin-walled and has transitional epithelium.
The muscle coat consists mainly of elastic fibres to which the bladder
owes its elasticity. Transverse sections of neck of the bladder (Fig. 7)
at the region of the opening show a valvular fold which probably con-
trols the flow of urine into the bladder and out of it.
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Fig. 3 L"mnm.n‘i\ hedwichii, Transverse

secion of the ducy of bladdey f.hnwing lﬂc
conuechion with the vegion of (he sphincler

bon., basement membwane: o b, duct <)i'

bladdcr_: efr, cpithetiv; g/ muscle
layer with miixeg N

: ! (.\l)f(ffw'l n. nucleys: rasph.,
region of the sphinter.

The kidney has the usual histological features (Fig, 8). The glo-
mwerull in the kidney of Uromastiz are more numerous than in that of
Hemidactylus, the ratio between the two being 10:8.

Fig, S Urowmastin  hardwickii.  §ransverse
section of the kidney, ., conndédtive tissue;
co.i., colleeting wubule: duet. distal con.
voluted tubale: g, glomerulus: p.c., peri-
toncal  coverivg; proed., proximal convolut-
cd tubule.

Detailed qualitative and quantitative analysis of the urinary pellets
as stated was carried out and the results of the quantitative estimatiop
are given below:

Moisture 7.183%
Ash ' 15.800%
Caleciumr 0.360%.
Phosphorous 0.063 %
Uric acid 69.0009;
Allantoin 8.0009%

There is a high percentage of uric acid in the urine ag ;
Hemidactylus and urea is absent. Creatine and creatinine are o
in traces, while hippuric acid is absent. The urine of thig liZaI;'tieSenb
more or less a similar chemical composition, with a high DerCent::rz
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of allantoin. Pryzelecki has reported the absence of a!lantoin in !izar:d
urine, but in Uromsatiz, as shown ahove, an app_remable quantity is
present. This confirms the present author’s view already stated
with reterence to Hemidactylus, that the occurence of allantoin is of im-
portance as representing the line of purine metaboll.sm and that it has
to be accepted as one of the metabolic products of lizards.

Mechanism

The points that need elucidation are the association of urinary
bladder with the urodaeum and of its opening a little away from the
urodaeal chamber, and also the mechamsn_l t}}at conj:rols the flow of
liquid urine from urodaeum to a chamber in front of the coprodaeum,
either dirvectly or through the bladder.

The presence of the opening of bladder in the region of the sphine-
ter and not in its original position has consequently brought about
interesting changes in the entire morphology' of the cloaga. As already
stated, the folds in this region are so modified as to form inlets and
outlets for the urine to flow in and out of the bladder. The secondary
grooves narrow down as the corresponding folds narrow.elther towards
the bladder or in the direction of the coprodaeum. T.hlS- arrangement
presumably helps in the process of sucking up of' the liquid urine by a
capillary action. The urine from the urodaeum is first sucked up into
the bladder and then from the bladder into the coprodaeum.

The morphology and histology of the different parts of the cloaca
and bladder indicate how the urine flows from urodaeum to coprodaeum
through the bladder. When the fluid brought by the ure’gers reaches
the openings into the bladder, the bladder dilates apd . this -helps the
flow of the urine into it. The pressure which the liquid urine exerts
on its way to the bladder seems to act on the valvular fold in the neck
of the bladder and closes the outlet facing the coprodaeum. Aft.er
the bladder is full, the sphincter in the neck of the bladder by its
contraction helps in the retention of urine in the bladder. _When the
bladder contracts, the liquid urine flows through the folds directed to-
wards the coprodaeum.

Urine may also flow direct from urodaeum to coprgdaeum wi_thout
entering into the bladder. Longitudinal folds in the region of sphincter
assist in this process and direct flow of urine is brought abo_ut by
the same mechanism as in the case of Hemidactylus. Dehydration of
urine takes place in the coprodacum and it gets solidified there before it
passes out along with the faeces.

Discussion

The urinary bladder is ordinarily a divertic_ulurr.l of the urodaeum,
but in U/romastiz the opening of the bladder is mldyvay between the
urodaeum and the coprodaeum. This feature has involved a slight

2
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modification of the structures. The folds in th
between urodaeum and coprodaeum ar idently a co

. ; e evidently a contributi

¥01ds of coprodaecum and th'e.anterior portion of urodaetimuno'}‘lh?sf ghz
in no way aﬂ'ecteq the position of the opening of bladder: though at
appears to }}ave slightly shifted from its real place. This (,i ico Is ¢
help in efficient functioning of the bladder. eice s to

ion of sphincter

It has already been pointed out that the i ; ;
an almost functionless organ because it has 2}3‘/(;(;? g:ef iﬁldacl,ylu.s 15
collapsed state with no trace of urine in it. It has howe:erved -
opening into the urodaeum, and also a valvular fold ,in its n:ri( a ‘?%rge
very little urine is excreted at a time, an intermediate channizl.' Since
urinary bladder becomes unnecessary and has therefore ceased tl(;e'f, e
tion. As the ureters open on prominent papillae, the flow of liquid uupc-
is facilitated, the flow being direct from the urodaeum to coproda oy
This is assisted by a number of other factors already described ieum.
study of Hemidactylus. In Uromastiz, however, in the usual cn o
comparatively more water is available, and yet the water has toourks)z

conserved by dehydrating the urine, which has brought ab
complicated mechanism. about such a

The occurrence of more glomeruli in the kidney of Uromast;

: o as st
the presence of a large functional bladder indicates that quantit;xti?;d
more liquid urine passes on to the cloaca than in Hemidactylus. ng

also explains the retention of a functional bladder and the availabilit
of comparatively more water. y

The position of the duet, which crosses the vas deferens ventrally
and runs along it on the lateral side of the testis shows that in all
probability it is the vestigial Mullerian duct. The entire duct is con-
siderably raised above the level of Wolffian duct, and all along its length
it is attached to a very thin and pigmentless peritoneal fold. The his-

tology of the duct also lends support to the view that it is a vestigial
Mullerian duct.

Gadow (1887) in his “Remarks on the cloaca and copulatory organs
of the Amniota” has given a note on the presence of Mullerian ducts
in the young males of crocodiles and of Wolffian ducts in the females.
Rathke was unable to ascertain from the embryo of Alligator sclerops
whether the canal running along the Wolffian body was a Mullerian
duct. He was doubtful about the sex of the embryo. Gadow observed
in a male specimen of Alligator mississipiensis about 25 e¢m. long a
duct similar in position as in Uromastiz. In another male specimen
33 cm. he .found traces of it in the upper and lower ends while the
middle portion was already obliterated. In the female alligator 29 cm
long he observed a Wolffian duct running along the edge of the ovar.
and the oviduct. A corresponding Wolffian duct is not present in thy
female Uromastiz. In Chelonia the persistence of these ducts has b .
described by Van Wijhe, while in Lissemys punctata, which the 2 tﬁen
has studied (1956), these ducts were absent. ' author
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In the male Uromastiz the presence of urodael diverticula secret-

a slimy fluid is a noteworthy feature. This in all probability pro-
s mucus which combines with the spermatic fluid as it passes out
into the urodaeum. This may facilitate an easy transference of the fluid
during copulation.

Summary

The morphology and histology of the cloaca of Uromastiz hard-
wickii have been described.

The urinary bladder of Uromastiz, unlike that of Hemidactylus is
functional. Urine from urodaeum flows through the bladder into the
coprodaeum. The folds in the region of the sphincter and opening of
the bladder are accordingly modified and have grooves on their summits.
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Introduction

As remarked elsewhere (Natarajan, 1958 . ‘
of Bole Gowda’s (1948) work on Uperodon syst;;?; t:;:‘z (t;}::‘i3 ‘f XCeptlo.n
cally no detailed work on the chromosomes of Indian frogss S fractl_
present investigation I have therefore made a detailed cor.n n t'he
study of the number and morphology of the chromosome D;lratva
common South Indian forms, viz., Rang hexadactyla Lesson SPO three
phlyctis Schneider and R. tigrine Daud. The Chmmosome,n A cyano-
R. tigrina has previously been recorded by Asana ang Kharal:in?ig;;;

who, however, have not studied the morphol
who, | bhology of the chromosomeg in

The study of the metaphase plates was m
acetocarmine and Feulgen squashes of the testes,
tions stained in Iron alum, cnystal violet and F
of the testes Sanfelice and Carnoy’s fluids proved

ade chiefly from the
Supplementeq by sec-
eulgen. For fixation
to be excellent.
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Observations
1. Rana hexadactyla.

Spermatogonial metaphase: A polar view of the spermatogonial
metaphase plate (Figs. 1 and 2) shows 26 chromosomes, all metacentrics.
The larger chromosomes are seen lying towards the periphery with
their arms pointing outwards and the smaller ones occupy the central

Fig. 1. Spermatogonial  metaphase plate.
polar view-Ranahexardactyla-Feulgen squash-
Photomicrograph. X ca 2jo0.

Photomicrograph. X ca 2no0.

Fig. 2. Pbotomicrograph showing  the
spermatogonial metaphase plate in Rana
eyanophlyctis-polar view-acctocarmine
squash, X ca 2500

Fig. 3. Spermatogonial metaphase chromo-
somes of Rana tigrina-polar view-aceto-
mine squash. X ca 3000.

area enclosed by the larger ones. A careful examination of the plate
shows that the chromosomes lying close together are very similar in
shape and size. This feature enables the identification of the chromo-

some pairs.

A karyogram drawn from another squash preparation is shown
in Fig. 3. All the 26 chromosomes resolve into 13 homologous pairs
which may be arranged into two groups on the basis of their size. The
first five pairs constitute a finely graded series of large chromosomes,
while the remaining eight pairs constitute a group of smaller chromo-
somes, all of which are almost of the same size. The striking differ-
ence between the last pair of the large chromosomes (pair 5) and the
first pair of the small chromosome (pair 6) can be easily observed. The
ter large chromosomes are typically ‘V’-shaped with arms of equal
length and have median centromeres. The smaller chromosomes, though
not characteristically ‘V’-shaped, have two arms of equal length sug-
gestive of median centromeres.
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2. Rana cyanophlyctis.

Spermatogonial metaphase: Figs. 4 and 5 represent a polar view
of a spermatogonial metaphase plate showing 26 metacentric chromo-
somes which resolve into 13 homologous pairs when arranged serially
(Fig. 6). It may also be noted that the chromosome complement can
be classed into two definite groups, viz., one group of larger chromo-
somes consisting of pairs 1, 2, 3, 4, and 5 a second group of smaller
chromosomes comprising the pairs 6 to 13. Further critical analysis
gives the following results. i. Three pairs of large chromosomes
(pairs 1, 2 and 4) show inequality of arms and possess sub-median

v‘ ,\,

ﬂl’ '... 8

S

Fig. 4. Camera lucida drawing of Yig. 1

X ca 2000

Fig. 5. Camera lucida drawing of Fig. 2.
X ca 2000.

Fig. 6. Camera lucida drawing of Fig. 3. {
X ca 4ov00.

centromeres ii. Two pairs of large chromosomes (pairs 3 and 5) are
“V’-shaped with equal arms and median centromeres. iii. Eight pairs
of smaller chromosomes (pairs 6 to 13) have equal arms and median
centromeres.

©s

3. Rana tigrina.

Spermatogonial metaphase: The karyotype consists of 26 metg-
centric chromosomes as can be seen from Figs. 7 and 8. A karyogram
is shown in fig. 9. As in the previous instances, the complement
consists of five pairs of large and eight pairs of small chromosomes.
On further examination, it can be seen that on'e pair of large chromo-
somes (pair 1) has median centromeres, four pairs of large chromosomes
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(pairs 2 to 5) are with unequal arms and sub-median centromeres, and
eight pairs of small chromosomes have median centromeres,
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\o‘l \}o eves 0r e sove

AN s noo AN .-
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Fig. 7. Homologous pairs of spermatogonial chromosomes  of R. tigrina serially arranged
in order of size. X ca ggoo

Fig. 8. Spermatogonial chromosomes of R. cyanophiyctis arranged in order of heir sizc,
serially, in homologous pairs. X ca 2500.

Fig. 9. Homologous pairs of spermatogonial chromosomes of R.

tigrina serially arranged
in order of size. X ca 4o000.
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Discussion

A study of the number and mor
’ : i S phology of
In the kal‘yoty{)es Off3 %chSh((l)'WS very clearly some fUndamentz.Il“d?e- of the
Ing one is the occurr e different species investigateq. Th similarities
chromosomes of each ence of metacentric chromosomes g most strik-
specles examined fall into two wéli deﬁego(?d]y’ the
. ed groups.

Yet another feature is th
_ e presen
chromosomes in all the forms examciie(()if the same number (2n=26) of

The suborder Diplasiocoela holds t r
;?1lrlr}1,b ln\{estligated species among Anura%eaﬁggfiz I(Iilil;r)?c?i?ir O ytologi-
(Witsiiilnlzzrgosigall .the 'species of the family Ranidae is incglro-mosom.e
(Wit 1§Q5- W k§4, Iriki, 1932; Galgano, 1933; Sato 1932}114_1%112137 26
excep'tion;) t;ei ic (})m, 1945; Matthey, 1949 ang Maki’no 1951 o
exceDtic ;;101‘ ?é, only very few (Swingle, 1917, 1921 Dlirken -)1’9 Yy
Ranidae i ? Or(i{llgh study Matthey (1949) has stated that the f i
panidae ds. 1I'(‘amau‘ ably homogeneous’. The present work h oy
that the « iploid chrox_nosome number of 26 is uniform i o
pecles of Rana examined and thus confirms the views omealtlt}‘fhe three
atthey.

Wickbom (1950) has stated tha

! t the occu
ghrgmosomes in the suborders Anomocoela, Il;iglcl
%ndlcates that they are more specialised and stabl
in the other two suborders, viz.,, Amphicoela an

trics are present ;
o and on this acco
mitive. count they mus

e of only metacentric
oela and Diplasiocoela
e cyt}ologically whereas
d Opisthocoels acrocen-
t be considered as pri-

The present investigation and also th i '

jsz?szogfi i?hacopkom.ts maculatus Gray ?lgf):l‘::;:l]}:nonis%ogn the chromo-
vari(;us éc us Schneider (Nat_ara.jan, 1958b) shbw’ clear]a) ina, Bufo
various, ll?egles (l>f Anura st.udled, belonging to the subordy t}ll)at the
and Ofp 3?10c0e 211, are uniform and homogeneoug from :rs trocqela
point of s :;v. n all the forms examined, only metacentr'cy dlogical
morphié » en occ.u‘rrnig in two definite groups. Algq o poromo-
moxt Whi};;lr or pairs of chxjomosomes occur in any kar;fo’t be, etero-
facts wrhid are 1fnd1cat1ve of the specialisation and also Vtheypi' . These
justify \’Vi(}:l?tfs o the anurans described in the present st{lds Ability of
‘(194]) N Mom s views mentioned earlier, and algo thos "Soshm o
(1941) and Matthey (1949), who have staed that Anur i peshachar

‘ geneous and stable group from cytological gz)ilri}c ggneral, s

of view,

Summary
1. The chromosomes of three species of Anura vi
’ Z.,

dactyla Lesson, R. cyanophlycti :
been studied. piiyetis Schneider and R. tigring

Rang hexq-
Daud have
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9. The diploid chromosome numbers of all the three species have
heen determined, and two of these determinations are new. In the
case of R. tigrina, the figures and descriptions given by the previous
authors have been verified and a more detailed study of the chromosome
morphology has been made. The diploid chromosome number, is 26

in all the three species.

3. In all the forms only metacentric chromosomes are seen, no
acrocentrics being present.

4. The chromosomes of each form fall into two well-defined groups
-—a larger and a smaller one.

5. No heteromorphism is seen in any pai
indicating thereby that the sex chromosomes a

cytologically.

r of any karyotype,
re not distinguishable

.
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Authorship of Names of Indian Fishes Proposed in
‘“ Histoire Naturelle Des Poissons ”’ by Cuvier and
Valenciennes and Recorded By Day

BY S. JONES,

Central Marine Fisheries Research Statiom,
Mandapam Camp.

Introduction

It has been the practice to credit dual authorship to the new names
proposed by Cuvier and Valenciennes in their monumental contribution
to ichthyology, ‘Histoire Naturelle Des Poissons’, comprising of 22
volumes published from 1828-1849. Baron Cuvier passed away in 1832
while volume 9 was in press but Valenciennes who continued the work
thereafter retained the name of his former senior colleague in the subse- .
quent numbers of the series presumably as a mark of courtesy. Even
from the beginning different sections of the work were under the
individual responsibility of each of them and these have been indicated
in the appropriate places in the text though not very prominently.
Under the above circumstances it is not a correct procedure according
to International Code of Zoological Nomenclature to add ‘“Cuvier and
Valerciennes” after the specific names. The convention of dual autha=-
ship is being broken gradually but “Histoire Naturelle Des Poissciis”
being a scarce publication is not accessible to many workers for refer-
ence. Bailey' has done a very useful service by making a critical study
of the work and separating the portions contributed by each author.
So far as Indian workers are concerned this has helped very little to
solve the difficulty as ‘Day’s Fishes of India (1876-1888) and Fishes
(1889) in the “Fauna of British India”’ Series, which are also compara-
tively scarce, still remain the standard books of reference and a com-
parison of all these publications for arriving at the correct authorship
is by no means an easy task for many. Of the 1418 fishes described
by Day, the names of 257 were those proposed for the first time in
“Histoire Naturelle Des Poissons” and traditionally quoted under dual
authorship. To make matters easy for those who are unfavourably
placed so far as library facilities are concerned the species are listed
below with the names of the author checked against each of them.

. The genera and species as given in the Fauna of British India,
Fishes, are retained though many of them have undergone nomencla-
tural revision. In the absence of a complete revision of Day’s work it
is felt that no useful purpose will be_ served in effecting changes in the

1Bailey, Reeve M .1951, Copeia, No. 3, August 81, pp. 249-251,
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names coming under the
Latest names of some co
which are known

authorship of Cuvier an
mmon and economicall
at present under specific name

d _Valenciennes only. Page. Ser. No. Name of Fish Vol. Page Author.
Y Important species

recorded by Day are given as foot notes s different from those 1 2 3 4 > 0
322 384 Barbus amphibius XVl 282 ( Valenciennes).
List of Indfan fishes recor-ded by Day the names of which have been 323 386  Barbus mahecola :‘E\’H 305 (Valenleennes).
by Cuvier and Valenciennes in ** Histoj pProposed 394 387 Barbus apogon XVI 392 Valenciennes.
1stoire Naturelle Des Pojssons » . , .
F ot . s 329' 398  Barbus stigma Xvii 93 (Valenciennes).
auna of British India—Fishes Vol. 1 330 400  Barbus thermalis XVIL 94  (Valenciennes).
333 407 Barbus filamentosus XVII 96 (Valenc1'ennes).

Page. Ser. No. Name of Fish Vol.? Page’ Auth 342 41y Rohtee belangeri XVII 99 (Valenciennes).

1 s 3 B ,.,A‘,M_Wll;‘?r:_m 349 429 Barilius gatensis Xvll 309 (Valenciennes).

‘‘‘‘‘ o 4 5 6 T 357 441  Danio chrysops XVil 308 {Valenciennes).

117 123 Clarias dussumiert XV 382 Valencienhes - 363 451 Chela sardinella XVII 344 (Valenciennes).

120 127 Silurus cochinchinensis XIv 352 Valencienn s 372 463 Clupea leiogaster XX 270 (Valenciennes).

133 141 Callich labari : es: : \ : Valenciennes).

W2 152 Pangosius buchamant | xy o (Valenciennes) T Xm0 (Valenciomen

145° 154 Silundia gangetica XV 45 Valenciennes. 373 465 Clupea ﬁ.Mbnam XX :;78 (Valenciennes).

156 165 Macrones oculatus SCIV 4;3 V‘c‘tlencie.)nnes, o 26; g;uP:: ::)lli XX 435 ( Valenciennes).
160 169 Macrones Leletius X1v 411 (Valenqennes)_ iﬂ ; Clupea melanura XX 441 (Valenciennes).
174 181 Arius caelatus XV 66 {IVitlenfnennes) ) 32?) iz?; P:;ﬁma filigera XX 322 Valenciennes.
176 184 Arius venosus XV 69 V:l:nc'lenneS. 381 479 Pellona ditchela XX 314 Valenciennes.
178 186 Arius subrostratus A\ 62 Valoncionmer 383 484  Pellona leschenaultii XX 311  Valenciennes.
184 195 Arius nella XV 162 v lP:nnes. 384 485 Opisthopterus tartoor XX 328 (Valenciennes).
188 201 Arius dussumieri XV (Valenciennes). pisthop : lenci
221 238 Lepidocephalichthys-thermalis X 84 Valenciennes 391 497 Engraulis dussumier: XXl 69 yaenciennes.

eptaocephalic s-therm b o . (X i .
235 267 Nemachilus spi!ol-)yterus o ‘(:/7113 s (Valenciennes)_ 23 200 Engraulis taty ‘}()\'i 22 33222222::
262 296 Labeo dussumieri ;(V 2:; (Valenciennes). 3% 201 Engraulis pul;ava ‘Xﬁl 81 Valenciennes‘

7 ; . (Valenci 396 505 Coilia reynaldi ! .
273 315 Osteochilus chalybeatus XVI1 271 BnC{ennes), 397 508 Coilia quadrigesimalis XXI1 83 Valenciennes.
275 317 Osteochilus cephalus XVI 347 (Valenclennes)» o z.n 1 gesty X XI 81 Valenciennes.
287" 332 Catla buchanani XVII ;111 ‘(\/Viilenciennes)‘ 2:; 2?? f)mh“ "1"‘?5"":“’” ;(;( 467 Valenciennes.

; : ussmieria acuta D
292 337 Amblypharyngodon melettina XVl 304 2 enClE?nnes. 411 594  Saurida nebulosa XXII 506 Valenciennes.
301 342 Barbus chrysopoma XVI 165 i}’?lenClennes). 416 530 I;u'; Zl l; tus XVIII 381 (ValencienneS).
, ., alenci aplochilus lineatu ;
303 346 Barbus roseipinnis XVI 169 Val ncfennes. 418 532 B lpne melanostigma XVIII 450 Valenciennes.
304 348 Barbus micropogon XV 188 Valenc1ennes. 419 533 Belo lamg XVIII 447 Valenciennes.
: alenci elone annu !
316 373 ‘ Barbus macrolepidotus XVI 280 (Vale:ceim:e& ) 493 538  Hemirhamphus leucopterus XIX 48 Valenciennes.
- o o sy X T e€nnes). ‘e i
2&3. Vo}umedand 'Padge n * Histoire Naturelle Deg Poissons i, whi 124 541 Hemirhamphus georgii XIX 37 ValenC{ennes.
referred to is escrlbefl. ich the species 425 543 Hemirhamphus reynaldi XIX 39 Valenciennes.
4. Pangasius pangasius (Hamilton) 425 544 Hemirhamphus xanthopterus XI1X 47 Valenciennes.
5. Silonia silondia (Hamilton) . . XIX 44 Valenciennes.
6. Catla catla (Hamilton) 426 546 Hemirhamphus limbatus i

7. Puntius sophore Hamilton
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Page. Ser. No. Name of Fish Vol Page Auth — Page. Ser. No. Name of Fish Vol, Page Author.
uthor - -
2 ' )
1 3 4 s ] - 1 2 3 4 5 6
426 547  Hemirhamphus dispar X”“’" e 502 664  Chilodipterus quinquelineatus I 167 Cuvier.
6 548 : X 58 Valenci - p q
42 Hemirhamphus buffonis XIix 48 a enc%ennesl 503 666 Dules marginatus I11 116 Cuvier,
423 551 Exocoetus micropterus XIX 127 \Yalencfennes. 505 668 Therapon puta 111 131 Cuvier.
4:0 ;;4 Exocoetus poecilopterus XIX 112 Valenc}ennes. 506 670 Therapon theraps I 129 Cuvier.,
:31 55? Exocoetus altipinnis XIxX 109 Vallenc.lennes‘ 507 672 Therapon argenteus 111 139 (Cuvier),
. o Exoco.etus mento XIX 124 Valenqennes, 511 679 Pristipoma dussumieri Vv 250 Cuvier.
449 570 C"’""leP‘es. altivelis II 324 (\? Ellncu?nnes. 512 680 Pristipoma guoraca Vv 256 Cuvier,
449 Serranus diacanthus 11 319 A a en?xennes). 517 687 ‘Diagramma griseum Vv 306 Cuvier.
571 S”"‘","‘S sexfasciatus II 360 : alenciennes, 518 690 Diagramma punctatum \Y% 302 Cuvier,
:;30 573 Serranus erythrusus 1I 390 Q;alencﬁennes' 529 697 Scolopsis monogramma \Y% 338 (Cuvier).
45; 575 Serranus corallicola II 336 Valenm-ennes' 523 698 Scolopsis cancellatus A% 351 {Cuvier).
. 5:{7 Serranus semipunctatus 11 341 valGHC{ennes. 526 703 Synagris striatus Vi 252 (Valenciennes).
45: 5719 Serranus dermochirus VI 513 VaIGHCfenneS_ 528 705  Synagris tolu VI 248 (Valenciennes).
1ot 580 Serranus morrhua IX 434 Valenqennes_ 599 107 Synagris taeniopterus Vi 246 (Valenciennes).
o 581 Serranus angularis II 35 pa]e.HClennes. 530 709 Aphareus rutilans V1 490 Cuvier.
a1 590 Serranus boelang 1l 308 \;Uv‘er: . 531 110 Smaris balteatus VI 424 Valenciennes.
462 g;: Grammisies punctatus VI 504 V:llenCIEnnes, 533 713 Caesio chrysozona V1 440 Cuvier.
Diploprion bifasciatum I enciennes, I 479 Cuvier
465 596 Lutjanus sebae %I i37 Cuvier. 536 n1 geﬂes ol;longu: sus gl 482 Cuvier.
466 599 Lutjanus annularis 1I 4;; (Cuvier)- 581 s 'GCTTGS F at".'e" ’ Vi 468 Cuvier,
469 603 Lutjanus biguttatus VI 507 (Cuvier), 233 721 Gerres Ilme‘; A m Cuvier
' o s .
470 605 Lutjanns lemniscatus 11 240 (\ialt‘n(:fennes). 5:9 ;2; ~Ge::: l;‘r::bal:us V1 476 Cuvier.
471 607 Lutjanus rivulatus I 414 (éal‘fn(flennes). e
jzg 620 Lutj.anus marginatus II 495 ((CuV}er)' . . )
o oy Lwjanus yapill I 185 (oo Fauna of British India—Fishes Vol. II .
624 Lutjanus madras VI uvier),
I 446 . ,
481 625 Lutjanus decussatus (Valencien
1I 48 . nes). Page. Ser. No. Name of Fish Vol. Page Author.
488 635 Ambassis commersoni 11 177 (CU\./Ier). \_aff . _W,eiﬁj e ,,a,lvxf,v;,,,___‘, B - - oo
490 639 Ambassis thermalis 11 49§ Cuviey, 1 2 3 4 5° 6
Cuvies e
:31 Cay  pogon multitaeniatus II 159 Euvfel' 10 739 Chaetodon ocellatus VIl 229 (Cuvier).
492 24’4' Apogon taeniatus 11 159 C':llv%er' 25 757 Upeneoides sulphureus I11 450 (Cuvier).
46 Apogon quadrifasciatus 11 153 V}er. 27 761 Upeneoides taeniopterus II1 451 (Cuvier).
497 653 Apegon maculosus VI 493 gUVler, 31 766 . Upeneus luteus VII 521 Valenciennes.
:gg 25‘5,: jPOgon "igl:ipinnis I 152 C:: 1§nc1enne& 33 769  Upeneus cinnabarinus III 475 Cuvier.
pogon auritus VII 443 v vier., 35 711 - Crenidens forskaelii VI 371 Valenciennes.
499 658 ADOgon lirleolatus II 16 alenCienneS. . I [ S, -
500 661 Apogon orbicularis II 0 Cuviey, 8&9: Volume and page in ** Histoire Naturelle Des Poissons’’ in which the species
155 referred to is described. o

Cuviey,
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l - L L Pag; Author,
36 7 v o °
38 7:772 f;;:grlil:u':os:nereus o 51 v i
. VI alencienneg
38 775 Lethrinus karwa VI 293 Valenciennes'
40 771 Lethrinus ornatus Vi 31 ValenCienneé'
51 791 Cirrhitichthy s fasciatus 111 310 Valenciennes.
54 794 Sebastichthys strongia I\; 76 (CUVier'). .
59 801 Scorpaenopsis venosa v 523 (CuVief').
61 803 Pierois zebra v 317 (_Cllvier)'
63 806 Pterois radiata v 367 Cuvier.
66 809 Gymnapistus niger v 369 Cuvier.,
67 810 Gymnapistus dracaena 1v 415 (Cuvier).
67 811 Amblyapistus taenianotus Iv 208 (Cuvier).
68 812 Amblyapistus longispinis 1v 104 (Cuvier).
82 827  Nandus marmoratus VII o (Cuvier),
88 833 Teuthis vermiculata X 182 ValenCienneS
3(9) 222 ;euthi‘s virgata X gg (Yalenciennes).
euthis concatenata X (,\' alenCiennes)
90 837 Teuthis margaritifera X 11217 (Valenciennes):
32 22? :{eutflis'su'tor X 14§ (Xalencfennes).
yripristis botche I 181 g a!ffrl(!lenneS).
100 849  Pempheris malabarica VII Cuvier.
103 852 Polynemus heptadactylus II1 o Cuvier.
103 853 Polynemus xanthonemus VII 290 Cuvier.
105 855 Polynemus sexfilis VII 517 Valenciennes.
110 861  Umbrina dussumieri IX > Valencienneg
110 862  Umbrina russelli \% 181 Valenciennes,
113 864 Sciaena miles \Y4 178 Cuvier. ‘
114 866 Sciaena sina v 9 Cuvier.
116 869 Sciaena axillaris vV 122 (Cuvier)‘
117 870 Sciaena albida A% 113 (CUVier)'
120 874 Sciaena belangeri AV 93 (CUVier)'
121 875 Sciaena semiluctuosa VvV 120 (Cuvier).
127 883 Otolithus maculatus Vv 77 (Cuvier),
129 885 Otolithus argenteus vV 64 Cuvier.
135 891 Trichiurus savala VIII 62 Cuvier.
141 897 Acanthurus matoides X 251 Cuvier,
141 898 Acanthurus gahm X 22;); Vale“Ciennes
Valenciennes.
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1

142
146
151
152
152
157
160
160
163
167
174
174
176
176
178
184
187
187
189
190
190
193
1960
205
208
209
210
212
217
218
219
221
237
239

Page. Ser. No.

2

900
906
909
910
911
918
921
922
926
931
938
939
941
942
944
950
953
956
951
958
959
963
967
916
979
980
981
984
990
991
992
994
1009
1012

Acanthurus melanurus
Naseus brevirostris
Caranx kurra
Caranx melampy gus
Caranx jarra
Caranx boops
Caranx kalla
Caranx ire
Caranx oblongus
Caranx leptolepis
Chorinemus sancti-petri
Chorinemus moadetta
Chorinemus tala
Chorinemus toloo
Trachynohis russellii
Psenes javanicus
Equula dussumieri
Equula bindus
Equula blochii
Equula brevirostris
Equula lineolate
Equula oblonga
Lactarius delicatulus
Thynnus thunnina
Pelamys chiliensis
Cybium kuhlii
Cybium interruptum
Cybium lineolatum
Uranoscopus guttatus
Ichthyoscopus inermis
Percis punctata
Percis hexophthalma

Name of Fish Vol. Page Author.
3 4 5 6

X 240 Valenciennes.
X 277 Valenciennes.
IX 44 Cuvier.
IX 116 Cuvier.
X 109 Cuvier.
IX 46 Cuvier.
1X 49 Cuvier.
XixX 57 Valenciennes.
IX 128 Cuvier.
X 63 Cuvier.
VIII 379 Cuvier.
VIII 382 Cuvier.
VIII 377 Cuvier.
VIII 377 Cuvier.
VI 436 Cuvier.
IX 264 Valenciennes.
X Vil Valenciennes.
X 78 Valenciennes.
X 84 Valenciennes.
X 83 Valenciennes.
X 86 Valenciennes.
X 85 Valenciennes.
I1X 238 Valenciennes.
VI1II 104 Cuvier.
vin 163 Cuvier,
VIII 178 Cuvier.
VIII 172 Cuvier.
VIII 170 Cuvier.
111 305 Cuvier.
111 310 (Cuvier).
111 264 Cuvier.
111 271 Cuvier.

Platycephalus tuberculatus 18Y 258 Cuvier.
v 243 Cuvier.

Platycephalus punciatus

10. Lactarius lactarius (Bl;)chr&‘src;lil‘;eider) N
11. Euthynnus alletteratus affinis (Cantor)
12, Scomberomorus guttatus (Bloch & Schneider)
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3
4 .
5 1 2 3 4 5 6
6
240 1013 Platycephalus serratus T e o : B .
240 1014 Platycephalus carbun v 959 Cuvier, 344 1172 Mugil carinatus XI 148 Valenciennes.
yeep culus IX 46 347 1179 Mugil dussumieri X1 147 Valencienn
243 1017 Dactylopterus orientali 1 Valenciennes. glo qussmmert encie €s.
yiop s v
‘ o 134 Cuvi 348 1180  Mugil subviridis X1 115 Valenciennes.
255 1030 Gobius criniger ¢ ~uvier. . ;
558 1035 oYt g XII 89 Valencien 352 1188 Mugil emarulus X1 133 Valenciennes.
.,6 5 Cob%us bxor?llaius. X1I 73 Valenci " 352 1189 Mugil labiosus XI 125 Valenciennes.
261 1041 Gobr.us tent'ac.ulans XII 128 Valenciennes. 362 1202 Ophiocephalus micropeltes VIl 4217 Cuvier.
261 1042 Gobius actipinnis XII 80 V‘llenciennes' 368 1209 Polyacanthus cupanus Vil 357 Cuvier.
264 1047 Gobius elegans X1I 58 Va]enciz““es- 374 1216 Regalicus russellii X 377 (Valenciennes).
265 1050 Gobius albopunctatus X1 57 Valenci Nes. 381 1226 Pomacentrus trilineatus Vv 428 Cuvier.
266 1052 Gobius semidoliatus X1I 67  Vale o 382 1227  Pomocentrus trimaculatus v 441 (Cuvier).
375 1066 Apocryptes rictuosus XII 151 ValeEZ;ZEEZ:' 384 1230 Pomoc?ntrus littoralis 27/ i?g gl;Vie;
278 1070 Apocryptes dentatus X1I 148 Valenci ' 388 1240 Glyphidodon melas - vier.
283 1076 Boleophthalmus dussumieri XII 207 Val }ennes, 388 1241 Glyphidodon septemfasciatus v 463 Cuv{er'
283 1017 Bolcophthalmus dentatus X1l 208 Val::(f}ennes. 389 1242 Clyph.idodon coelestmu? 2}7 igé gzzielr
289 1085  Eleotris porocephalus X1l 237 Vale onnes. 389 1243 g;”’ :f‘;“s"" bengalensis v 181 Cuvizr'
290 1086 Eleotris muralis X1l 253 ; nc%ennes. 390 1244 yphido on'ant]enus M o o .
291 1088 Elootris s Valenciennes. 391 1247 Heliastes lepidurus uvier.
eolris sexguttata X1I 254 . TN T X111 136 (Valenciennes)
292 1091  Eleotris tumi Valencicnnes. 397 1253  Labroides dimidiatus 3 alenciennes).
e ; bo. y umlfrfn.zs XII 241 Valenciennes. 405 1 66 Platyglossus dussumieri XIiI 478 (Valenc}ennes).
- obioides grac‘zlts XII 166 (Valenciennes) 407 1270 Platyglossus nebulosus X111 461 (Valenciennes).
305 1112 Calltlonymus lmeolatus. XIt 307 Valencienno . 411 1278 Novacula punctulata X1V 73 Valencignnes.
306 1114 Callwn?/mus opercularis XII 305 Valenciennes. 421 1294 Pseudodox moluccanus X1V 305 (ValeHC}ennes).
308 1116 Petroscirtes punctatus X1 286 (Valencie ) 425 1300 Pseudoscarus aeruginosus XIV 257 ( Valenciennes).
310 1120 Petroscirtes cyprinoides X1 286 ( Valenci nes). 426 1301 Pseudoscarus rivulatus XIV 223 (Valenciennes).
310 1121 Petroscirtes hreviceps X1 283 (Valézc?enneS)‘ 426 1302 Pseudoscarus dussumieri X1V 252 (Valenc%enneS).
316 1131 Salarias quadricornis X1 399 Val filennes)_ 427 1304 Pseudoscarus erythrodon X1iv 255 ( Valenciennes).
316 1132 Salarias lineatus X1 814 Valenc}ennes, |
318 1135 Salarias dussumieri X1 310 VZIZ:C{GHHGS. Summary .
318 1136  Salarias periophthalmus X1 311 Val s According to International Code of Zoological Nomenclature, the
322 1143 Salarias frenatus XI 349 a enciennes. conventional practice of crediting dual authorship to :c‘he.‘naynes of fishes
392 1144 Salarias vermiculatus < Valenciennes. first proposed by Cuvier and Valenciennes in their Histoire Naturelle
XI y . . . . . . .
230 1154 Cepola abbreviata X 301 Valenciennes. des Poissons” is not considered correct since the different sections were
‘ _ 403 Valencien written under their individual responsibility. Of the 22 volumes of the
332 1156 ]VIastacembefus unicolor VIII 453 Cuvier nes. above work published from 1828 to 1849, Baron Cu'vier had share on.ly
335 1161  Sphyraena jello : 11 349 Cuvi ’  up to the 9th volume which was in press at the time of his death in
336 1163 Sphyraena commersonii 11 359 uv§er, . 1832. 257 species under the dual authorship of Cuvier and Valenc1epnes
337 1164  Sphyraena obtusata I 3 Cuv.ler. are recorded by Day in his Fishes f)j:, India (1876-1888) and szshqs
339 1167 Antherina duodecimalis X 50 Cuvier, (1889) }‘n the “F‘auna,‘ of British Indw' Series, Of thgse, Curvier is
342 1170 Mugil cunnesius 458 Valenciennes reSpgnsmle for descriptions of 99 species and Valenc1er}nes for 158
g XI 8. species. These are checked and listed with the appropriate author’s

11<j ] :
Valen i i
clennes. 1 name against each species.
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Introduction

Several investigators have described th .
of teleosts. In particular, mention may beemd;(;lslg?néﬁzt;f the kld.ney
sy Emery (1880), Felix (1907), Guitel (1906), Pavelenko (lcgiﬂénts oven
1932). Maschkowzeff (1926), Brachet (1935), Fraser (1927 ), Strorer
(1945). Gray (1930, 1932) has given a comp) ) and Moghe
ment of the Amphibian kidney. But the
;}llg gevel(})lpm}fnt of the vertebrate kidney in
1950} who has given convincing reaso U
system as a holonephros and that therrelsisfofmgi{ﬁ;tgéni the eXcretory
)ro-, meso- and metanephros, Notwithstanding ~ ¢p; oriogeneity of
‘raser has proposed the retention of the origing] tls homogenelty,
nesonephros and metanephros, but with the provis thel‘ms pronephrog
lephros should only be applied to the organ in | 0 that the term pro-
nat of few adult teleosts. 1 farval anamnia ang to

r as poliferations of the archi ¢ Intermediate cell-mag
is study on Salmon conclude inephric duet s
rom the lateral plate. Swa
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duct and the pronephric chamber are made up of both somatic and
splanchnic layers of the mesoderm. Maschkowzeff (1935) after study-
ing the development of the kidney in Salmon, has stated that the lower
wall of the nephrotome has become incorporated in the general body
cavity and the duct grows out of the somatic or the dorsal wall of
the pronephric chamber. Fraser (1950) has remarked that Maschkowzeff’s
intrepretation is the correct one notwithstanding the fact that the
explanation is not convincing. The study of the developmet of the
kidney in Oryzias throws light on these points and shows that the
development of the kidney of teleosts falls into line with that of other
vertebrates.

Material and Methods

Specimens of Oryzias melastigma are quite common and available
in large numbers in ponds, ditches and paddy fields. The adult fish
measures 2—3 cms. in total length and breeds throughout the year.
Especially during the monsoon rains, large number of females with
eggs suspended from the vent can easily be spotted out. An adulb
female lays 10—20 eggs measuring 1.0 — 1.2 mm. in diameter. The
females carrying the eggs were caught by a hand-net and removed to
the laboratory in a basin of water. The eggs were collected and kept
in finger-bowls for the study of their development. At a temperature
of 27°+1°C the eggs take usually eight days to hatch.

The eggs were examined alive periodically, and for purpose qf
sectioning closely graded stages of developing eggs were fixed in
Zenker’s fluid and Bouin’s picro-formol. For the kidneys of post-em-
bryonic and adult stages, Zenker’s fluid and mercuro-formol gave better
results than Bouin’s fluid. Sections were stained in Delafield’s hae-
matoxylin and eosin and Heidenhain’s iron alum haematoxlyin. Mallory’s
acid fuschin-aniline blue stain was also used to stain the sections.

To get a better understanding of the size, shape and course of
the developing kidney tubules plastic reconstructions were made. Wax
plates of 1 mm. thickness were prepared by mixing and melting bees
wax, paraffin and rosin in the proportion of 6: 4: 2. With the help
of a camera lucida the outlines of the kidney tubules in all thg sections
in which they were found were drawn on paper. The drawings were
transferred to the wax plate by means of carbon paper and the necessary
portions were cut out with a sharp scalpel. These were piled in the
serial order and a steady pressure was applied to make the sections
adhere to each other. The cut edges of the pieces were smoothed
with a warm scalpel.

For micro-dissection of the developing kidney, embryonic and
larval stages were stained in Borax carmine and alum carmine. After
destaining in 70% acid alecohol the material was dehydrated and cleared
in clove oil. The kidney was dissected out with the help of fine needles
under a binocular microscope and mounted on a glass slide.
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The Development of the Pronephros

The earliest rudimen
E:;bry‘;o of about 30 hour: (;)ff (’;BSelI());(r)rrxl:r??ros
his stage s '
The " mesoderm. on - exch s oG Hotoehord and a gut.
mesoblastic somites. In the ‘Slil(%ceeriol: r;éearlyf dif’f-erenti‘a‘i?{ r;ﬁl;neli%
Of th ( i ites th
o deiffgi;lti?t/edar(l% . V msoblastic somites, inteirﬁr:dk;rio, at the level
transverse secti 18- 1) and has separated from tie cell-_mass is
the separatio gns paismg through the same region in it kes. In
ceu-mass"is Sr;t rfc)m the somites has not taken piace. r;}?rh.er embryos,
cell-mass s tualedlon the ventro-lateral aspect of the se by hediate
segmentetdi 1?;l :}I;a plate mesoderrq. The intermediate ce?lmlte bgtween
seemented ri is sftage or even in later stages, and ‘ne iﬂmass ook
sesmented m (??Stes o llnephrotomlc plate are absent as in all I())tii(ﬂ:omes’ or
The inter r1a e tce I-Imass has become arranged in two la er teleosts.
region of segmen St' I, IV and V by the rearrangement zgrs 5 he
info an_ pi);r goina ic lgyer and a lower splanchnic layer. B ht_he cells
ment 3 e in ermed1ate ce}l-maSS extends to the X g . ehind seg-
_ distance posterior to it, and is in the form fegment and even
iglrl((li Oi‘ord 11of cells. A narrow lumen appear: ?nmotr e le§s
differentiattfds ’I?}led | thus the pronephric or archinephric h?i Lol
g merentiat . . e lumen first makes its appearance in th N o
egion d gradually exte'nds backwards at later stages Te .anterl(')r
Ef::tren rate 1development this lumen communicates on tigle '0 Bilplcally ith
disé us);(i)gge tind 0;1 the other with the splanchnocoel. In threlaest i vith
p]afe mes;)d e sp a}Ir‘xl(lzhnocoel has not made its appearance in t’;‘vlge under
Plate mese el;n. e nephr'otor.ne, in the sense in which th ‘ later‘fﬂ
empl };)v th); rzzier (1950), is differentiated from the interrflefi'term L
m diﬁe{-entiated fﬁi&g?}?en't of the. cells. The future excret ate cell-
e intermediate cell-mass. The vecrll"fr;lry Oflgan
wall of

the nephrotomic plate is closel i
y applied i
lateral plate mesoderm and shows a tgnden:; g; efus;;mat'f& la::yer of the
with it.

: 1s clearly seen in an
ransverse sections of

In the region of the somites VI

I ¢ ) , VII, VII
:}tllg;uitrll;lg‘ th?i brimordia of the mesonephros ha\Ire alread

fhe In em;e iate cell-mass. Each primordium contal'a o haated from
! ,sl.c ose | :) the pronephric duct. We will refer t s i oy cells and
lealing with the development of the mesonephros © this in detail Wwhile

The Differentiation of the Pronephric Tubul
ule

The next stage examined was th

¢ at
of development with 16 mesoblastice sor(:lfitzn ¢
nephrotome has fused with the underlysiilg

mbryo of about
‘ 42
The ventraj wall O}EO%?}

nephrocoel is very prominent (Fig. 2) The d Somatic 1a
. or

the nephrotome has thickened in the i sal or somati
_ region of t Somatic wa))
V and bulges upwards as three prominent :g?cigrfﬁzces I, 1v ar?(f
£s. But the
se

and IX a few cells con-y
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to form the primordia of the pronephric tubule
The nephrocoel is well developed in the
e narrow body-cavity that has

thickenings fuse together
very early in development.
nephrotome and it communicates with th

EXPLANATION TO FIGURES:

Fig, 1.\ ransverse section passin

an cmbivo of about go howrs

u through the qth somite ol
form of a distinct group of

intetmediate  cell-mass in the
the mvotome.
srd somite ol an embryvo ol about g2 hours

of development to show the
olls on the ventro-fareral aspecs of
Fig. 2. A\ tansverse section passing through the
of development showing the nephrocoel in the nephrotome.
Fig. 3. A nansverse section passing through  the  pronephic
about g2 hours of development to show she pum(-pln'i(' Ltubule arising - (rom
laterai angle of the nephrvic chamber on the right side.

Fig. 4. A transverse scction passing through  the pronephric region of an  embivo of
about &g hours of development o show the vascular it from the dorsal aorta mvaginat-
ing she medial wall of the pnonephric chamber or nephrocoet 1o torm the glomus,

Fig. 5. A transverse section passing through  the pmncphri(' region of an cembryo  at
about the dime of hatching showing the pr(mcphri(' tubule, the fz,l()mcmlus and the pro-

region of an embrvo ol
the dorso-

nephric duct,

l"lg. . The pnmcpln'i(- bule of the left side of a just hatched larva.  Dissected  and
sidined  preparation

Fig. ~. Diagram of a pl
about 180 hours of development to show th
cv., cardinal veing d.gl, developing glomus; d.c.,
endodermy; g., gut; faan, itermediate cell-mass; Lp..
nephrocoel: ns, nephrostome; n.c., aerve cord; n.ch,
/)r.(l,. pronephric  duct; pr.gl., pronephric glomcruli:
somatic mesotderm;  sponc spl:mchnic mesoderm; ST,

appeared in the lateral plate mesoderm by means of a short peritoneal

canal._ The pronephric tubule arises from the dorso-later] angle of the
nephric chamber and curves upwards and outwards (Fig. 3). As stated

astic reconstruction of the p\‘(mcphric wbule of an embivo of
¢ shape and comse of the tubule.

dorsal chamber; d.a., dorsal aorta; end.
fateral phuc', My, myotone; e
notochord; p.f., perijoncal funnel,;
pr.t., pronephric tubule; so.me.,
subnotochordal rod.



i34 JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA [Vol.9, No.?2

already, the archinephric duct is laid down behind the segment V before
‘ghgre is any indication of the pronephric tubule. The pronephric tubule
joins the archinephric duct and opens into it. The pronephric duct at
this stage extends as far as the XV somite and ends blindly. The
tfubule communicates with the nephric chamber bv a narrow éiliated
nephrostome. The connexion between the chamber and body ,cavity is

soon obliterated and the pronephric chamber is thus completely shut off
from the body cavity. : :

At about 54 hours of development the blood circulation is well
established and the dorsal aorta sends a branch on either side towards
the pronephric chamber at the level of the pectoral limb buds. Th.e
branch terminates in a net-work of capillaries and the vascular tuft lies
close to the medial wall of the pronephric chamber or nephrocoel. The
medial wall of the chamber becomes flattened and later is invaginated
by the vascular tuft (Fig. 4) to form the glomerulus. When the embryo
is about 60 hours old, the pronephric chamber comes to lie dorsal to
the peritoneal cavity by the development of the peritoneum on the ven-
tarl side. The glomus completes its development at about 100 hours
of development.

The further differentiation of the pronephric tubule consists in
elongation and coiling of the tubule. The shape of the tubule, ag seen
in a plastic reconstruction in a 180 hours old embryo, is represented
in Fig. 7. The arrangement is simple and the Bowman’s capsules of
the pronephric tubules (i.e. of the opposite sides) lie close to one another
below the notochord along the median line of the embryo almost touching
one another. The tubule opens on the one hand into the pronephric
chamber and on the other into the segmental duct. The ducts establish
an opening to the exterior when the embryo is about 50 hours old. ‘

During the fourth to eigth day the pronephric tubule elongates
further and becomes coiled. Fig. 5. and 14 represent the transverse sections
of the kidney of an embryo at about the time of hatching through the
pronephric chamber. The pronephric tubule of one side with the duct
of a just hatched larva is shown in Fig. 6. At this stage the renal
organ of the larva is constituted by a pair of pronephric tubules, one
on each side, and lying in close proximity to each other just belov:/ the
notochord. The Bowman’s capsule on either side lies close to the dorsal
aorta from which a small branch supplies the glomerulus. The tubule
after leaving the capsule runs laterally outwards and is much coiled
The pronephric duct runs backwards and opens into a small urinary;

sinus situated near the anus, which in turn opensg to the exterior on a
urino-genital papilla.

Persistence of the Pronephos in the Adult

Goodrich'(1930) o})servgd that it is a remarkable fact that the ro-
nephros remains functional in some adult teleosts like Fierasfer Zm‘;ces
(Emery, 1880) and Lepadogaster (Guitel, 1906). An' interesting feature
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jerse secti assi hrough the pronephric chamber
i ic of a transversc section passing t gh I ' ) :
f;fg.anl4éml:’1l;’(f);lo<r)l;u;g%{ftpl180 hours of development showing the well developed glomeruh
and the pronephric tubulc. '

et rough an embryo of about

i ; i secti assing th / .
Fig. 15. Photomicrograph of a sagittal section P s the mesonephric rudiments on

i ic ‘duct and
6 hou f development showing the proncphrlc (
2zhe venrtsra(l) aspect gf the somites VI, VII, VIII and IX.

{ i he kidne

Fig. 16. Photomicrograph of a section passing through h-;he a:lhloc‘rvloih:ngerzif“;n:e (:f ch
o .Orvz.ias o measuring 140 M wal 1ength [r?ledim side of the definitive
pronephros. The pronephric glomeruli are present on the
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d.q.. dorsal aorta; m.r, mesonephric rudiment; m.t., me?onq;t Jub Lo
PY-J-, pl‘onE:phric, duct, pr.gl, pronephric glomerulus; pr.t pronep
Wolflian duct
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qf thg renal organs of Oryzies is the persistence of pronephros in a
functional state in the adult animal. The entire kidney with its blood
yessels of a young adult measuring 9.0 mm. in total length is represented
in Fig. 17.  The pronephric glomeruli are clearly seen with their arterial
plood supply. Fig. 16 is a photomicrograph of a section passing through
the anterior end of the kidney of Oryzias measuring 14.0 mm. in totai
length showing the persistence o¢f the pronephros. The pronephric
glomeruli are present on the median side of the definitive kidney. In
well grown specimens of Oryzias a pair of prominent pronephric glo-
meruli are present with well developed arterial connexions. A com-
parison of the condition obtaining in Oryzias with the description and
illustrations given by Guitel (1906) for Lepadogaster confirms the view
that the pronephros of Oryzies is functional. Oryzias has now to be
added to the list of teleosts with persistent pronephros.

The Development of the Mesonephros

We have seen already that the earliest rudiment of the mesonephros
appears in an embryo of about 30 hours of development in the region
of the somites VI, VII, VIII and 1X. A few cells constituting the pri-
mordia of the mesonephros have already separated from the intermediate
cell-mass and lie close to a dorso-medial protuberance of the pronephric
duct (Fig. 8). Figs. 9 and 15 represent sagittal sections passing
through the somites VI, VII and VIII of an embryo of about 36 hours
of develupment showing the mesonephric rudiments situated on the
ventral aspects of the somites.

Felix (1897) states that the mesonephric tubules are derived from
solid condensation of cells proliferated from the wall of the archinephric
duct. Different views have been held regarding the origin of the mesone-
phrogenous primordia in the teleosts. Their close proximity to the prone-
phric duct led Felix to conclude that they were proliferated from the
wall of the duct. Maschkowzeff (1935) investigated the development of
mesonephros in Acipenser and Salmo. In the former, he derived the
mesonephros from the nephrotome. In Salmo, he infers a similar deriva-
tion of the mesonephric tubules. But Fraser (1950), as mentioned be-
fore, remarks that Maschkowzeff’s explanation is not altogether convine-
ing, although his interpretation is the correct one. Moghe (1945), who
investigated the development of mesonephros in Thynnichthys, traced
the mesonephric tubule to a mass of cells lying at the base of the myoto-
me, a position previously occupied by the intermediate cell-mass. In
Oryzias the origin of the mesonephrogenous primordia is clear, being
traceable quite definitely to the intermediate cell-mass at a stage when
the pronephric duct has not yet differentiated.

A complete account of the development of the mesonephros in
Thynnichthys has been given by Moghe (1945). So only a few salient
features in the development of the mesonephros in Oryzias are given
here to make the present account complete. In an embryo of about 36

5
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than in the previous stage, and as development proceeds the cells consti-
tuting the nephrogenous blastema increase still further and form a thin
sheath or hand surrounding the pronephric duct. In some sections the
blastema cells extend from one pronephric duct to another between the
cardinal vein and aorta Fig. 10). This stage corresponds more or less
to the ‘bridge cells’ described by Moghe (1945). THere is no apprecia-
ble difference in the development of the blastema cells on the right and
left side of the embryo.

In a newly hatched larva, measuring 3.0 mm. in total length, the
mesenchyme cells show a tendency to condense particularly in the dorso-
median aspect of the pronephric duct. (Fig. 11). The condensations
are compact and without a lumen at this stage. The mesonephrogenous
condensations spread further in older stages, extend on to the dorsal
side of the peritoneum and a lumen appears in the blastema: The
blastema presently becomes elongated and its cells get arranged in two
layers, somatic and splanchnic, with a lumen between. .Its outgr and
ventral end reaches the coelomic epithelium and commumcgtes w.1th the
body cavity by peritoneal funnel (Fig. 12). The connexion with the
splanchnocoel is at about the level of the second vertepral segment. It
soon becomes obliterated and the mesonephric tubule is separated ven-
trally from the body cavity by the peritoneal layer.

The next stage in the development of the mesonephric t}xbule con-
sists in the differentiation and development of the Bowman's ca:psule.
The differentiation of the capsule is similar to that of the f:apsule in the
pronephric tubule. The wall of the nephrqtome at the inner end be-
comes invaginated by a vascular tuft which is conr}ecf:ed with the dorsal
aorta and constitutes the glomus. The differentiation of the tubules
progresses from the front backwards. {n a la}'va of about 5.5 mm,,
three pairs of mesonephric tubules are differentiated and can be m:ade
out in the entire mounts of dissections of the mesonep}}rog. The qnterlor-
most pair alone is well developed and shows the Malplghlan bodies. The
second and third pairs are rudimentary, being in the form of club-
shaped enlargements in the neighbourhood of the Wolffian duct.

As the larva grows in size, the mesonephric tubuleg in.crease_in
number and are much coiled. The mesonephric tubules of the anterior
region are grouped together in the form of a .trlan‘gular mass
and constitute the head kidney of the adult. In a Juveplle specimen
of about 2.0 mm. in length the mesonephros extends over eight vertebral
segments, the anus being situated in the twelfth segment. Seconqary
mesonephric tubules arise from condensations of mesenchyme cells, simi-
lar to those which give rise to the primary tubule_s. In an qdult speci-
men measuring 27.0 mm. in total length the head kidney contains seventy
Malpighian bodies.

The definitive kidney of the adult measures 8.0 mm. in‘ length with
an anterior enlarged, more or less triangular portion measuring about 2.0
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mm. in length. The posterior portion of the kid

mescnephric tubules i's narrower and slender than thr:ge teri .

The Bcwman's capsuie of the mesonephric tubules in aarilerg)r[ portion,
measures about 50 x in diameter. In the head kidney of ﬂad Htt (§<l1dn_ey
there arc in addition a few capsules which are larger i ; L ryEas
sure about 68 s in diameter. As compared with thig ntilezeBand mea-
capsule of the pronephric tubule is larger in size and m’eaSures (;B\ZH;?H )

y containing the

Felix (1897) has described the degeneration of primar
phric tubules in Salmon. There is no degeneration of primary mesone.
phric tubules in Oryzias. A transverse section of the head ki}c,lnmesone-
specimen measuring 28.0 mm. in total length (Fig. 13) reveals a Ielbl,l Of "
of well defined tubules with a rich supply of blood opening int mt)sr
Woltfian duct and indicite their functional nature. ¢ v
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Summary
1. The pronephros arises from a distinct inter i
m R
or unsegmented nephrotomic ediate cell-mass
ments III, IV and V.

2. The archinephric duct arises first and the pronephric tubules

of which there is only one pair arise ind
archinephric duct. ependently of the

plate extending over seg-

3. A very interesting feature of the renal organs of Oryzias is
the persis'tence of pronephros i s functional state in(ths
adult animal. A functional persistent pronephros h :
been known so far only in Fierasfer, Lepadogaster aralfi
Zoarces. Oryzias has to be added to this list., '

f. The meonephrogenous primordia are clearly traceable to the
intermediate cell-mass.

5. Secondary mesonephric tubules arise from cendensations of
nephregenous tissue similar to those which give rise to
the primary tubules. '

There is no degeneration of primary tubules.

7. The development of both pronephric and mesonephric pri
dia in Oryzies conforms to the geneial plan of kidnep énor-
lopment of vertebrates and is not aberrant. it ‘lly on-
firms the view that the vertebrate kidney is .a h(;l(()nse(l))hcl'(:)i-

with a homogeneity of
. pro-, and mesonephr
develop from a continuous intermediate celll-}:ris:; s both
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Foreword

The Great Indian Bustard, Ardeotis nigriceps i ;
Otididae], which was once very common in westernpInd(izlgggsllsgev\;les'
in the country, is now virtually on the verge of extinction. This ae::
on the ecology of the bustard by Shri R. S. Dharmakumarsinhjipvfho
is an amateur ornithologist of long experience and also the Vice-i’resi
dent of the Indian Boar for Wild Life, is doubly welcome for tw-
reasons. First, that a record of this vanishing species which wit}(:
some effort may still be preserved for future generations, is highly’ des
able. Secondly, field studies of Indian animals, ang particul lesu'-
Indian birds, are extremely rare. arly of

Shri Dharmakumarasinhji has studied not merel i .
phenomena as habits, food, courtship, breeding, Y such biological

etc, but p
suggested some useful measures for the ; . as also
bird. brotection of this vanishing

I would particularly commend this paper to the me

Zoological Society of India with the request that they mrizlﬁil‘sb of the
ring it
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to the notice of students of zoology for the encouragement of field
studies.

I sincerely hope that the paper will succeed in stimulating fresh
interest in the preservation of this species.

The paper as originally written out by Shri Dharmakumarsinhji,
was rather more extensive than the one presented here. 1 have, with
the assistance of Dr. B. Biswas, revised and edited it to suit the re-
quirements of a scientific journal.

M. L. ROONWAL,
President,

Zoological Society of India.
and
Secretary-General,
Indian Board for Wild Life.
Calcutta,
20th September, 1957.

History—Past and Present

The Great Indian Bustard, Ardeotis nigriceps (Vigors), is no doubt
one of the most magnificient of India’s game birds and is highly prized
by sportsmen throughout India. The bird was formerly found in most
part of India in suitable localities (Baker, 1921, pp. 167-169).  The
Kathiawar peninsula of western India is particularly suitable for the
existence of this species. In the past it was found throughout this
peninsula except in the forest areas of the Gir, Girnar and Barda Hills,
and there was practically no grassland (vids) where it was not seen.
Droves of 30 to 40 individuals could be observed in certain suitable
habitats at most of the year. The bird was seldom shot or snared
but afforded good sport to those who wished to stalk it. Fenton (1923,
pp. 270-273) gave an excellent account of his days out for shooting it.
More details of its habits and the manner in which it was hunted in
various parts of India are given by a number of sportsmen, a summary
of which will be found in Baker (1921, pp. 168-184).

Not until fairly recently was this bird persecuted causing its num-
bers to immediately dwindle. Even as late as the 1930’s the bustard
was seen in droves of 15 to 20 individuals in various parts of Kathia-
war, and it was not considered uncommon all over the former State
of Saurashtra. In some of the erstwhile princely State, the bird enjoyed
strict protection and was recognized as an important and valuable game
species, the shooting and trapping of which were allowed only by the
Special permission of the Ruler of the State. And hence, the bird was
preserved and protected in most parts of Saurashtra. Heavy punish-
ment was inflicted on people who were found infringing the laws and
ru!es protecting the bird. A constant watch by the officially employed
shikaris was maintained to ensure that all game species were adequately
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preserved throughout their territories and the Gre
enjoyed special protection. The organization of shikaris i :

was equivalent to a modern Wild Life Department ¢ o ihese States
few or hardly any written records were maintained x%?)t that very
the game species was regulated by the Ruler himselt thr v ool of
sonal staff.  Guests who were generally sportsmen and ltf)}}gh his pey-
Ruler, were invited for shooting. The shikarig wer(e ex rends of the
who knew their ground well and fully the habits anq qb()l(;el:lenped nen
game species. The sons of such experienced shikalfis beb of various
training in the field, hereditary shikaris of the Rulers andecame, after
qualified to bear the responsibility of acting as game ward:/rie ighly

at Indian Bustard

With the disappearance of about 202 Shikar N
of them very small indeed, consisting of a handfulDe(?tartsiliel?‘f;:'bome
A. D. C’s of the ex-Rulers of the large or smalil principalities( '$ and
found in the various States, the game species, particularly theaS \‘h.”ere
and protected Great Indian Bustard, found no master, éonse mlglm
the species was persecuted wherever it was found. However qu'en' Vs
this and during the War years (1939-45) and atter, when g2 l';rxrmo1 o
ber of motor vehicles driven by military personnel anq C‘u'l(- ge num-
ams were active, the species had little chance of escape( )ﬁng fire-
local poachers who had never been allowed to lift g gun.tow ()I(;!OVQr,
bird, now did so with impunity, so that large numberg of bllsta;l:{ s the
being destroyed. A comprehensive memorandum on the need of ot
tion of wild life in Saurashtra was submitted by the writey ipl‘({ig:)ec_
to the State Government, and subsequently, in 1950, wild life an:{] y 18
surveys were carried out by him for the Government of India gar?e
both these reports 1 had fully emphasized the vital need of prof ti ;
the Great Indian Bustard. While these reports were being consieg o
by the two Governments, the bustard was slowly ang steadily be}'ed
slaughtered. The reduction in its numbers was evident from obse(i'Ing
tions made by the writer during his periodic visits to areas wher vz}-
was seen and bred regularly. Each time fewer and fewer birds V\? .
observed. In 1952 all these facts were brought to the notice of :}I;e
newly established Indian Board for Wild Life which discussed the qu -
tion at length and recommended that the species should be compl(it:ls-
protected. All the States in which the species was found adopted thy
recommendation and the bird was treated as “completely protec’ced"e
This, by itself, does not give adequate protection and the bustard ,
tinues to be threatened with extinction. con-

Habitat

In Kahiawar there are grasslands, known as vid
throughout the area, which provide suitable habit
Indian Bustard. So many suitable habitats for it in
are seen nowhere else in India. There are three (i
teristic habitats in which the bird is found, thus: —(

s, found Scattered
ats for the Great
Sl'lch a small arey
§tmct and charge.-
i) Undulating hilly
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plateau covered with grass and interspersed with bushes. (ii) flat
country, with short grass and studded with the following species of
plants: —kerda’ (Capparis sp.) ‘jeepta’ (Triumfetia rotundifolia), ‘khip’
(Leptadenia spartiuvm), ‘piloodi’ (Salvadoria sp.), and sometimes lemon
grass and cotion. (iii) Extensive flat marshy grassland of alkaline
nature, or with semidesert patches. All these habitats may be bordered
or hemmed in by agricultural land and the bustard frequently enters
cultivated fields. Taking all these conditions into consideration it be-
comes clear that the bird prefers dry, well drained soil in contrast to
wet, muddy ground or forest areas. It thrives well in a rainfall area
of about 12-75 mm. (5-30 inches) in diverse types of country as already
stated. Although not commonly met with on the sea coast, it has been
recorded on hilly grass-country on the Kathiawar sea-board and even
on the shore.

Climate: —In Kathiawar, the climate is dry with an avearge rain-
fall varying from 387-75 mm. (ca. 15-30 inches). The temperature in the
hot weather may rise in certain areas to 47.8°C. (118°F.) but usually
never goes much beyond 43.3°C (110°F.), whereas, on the coastal belt the
temperature rises to a maximum of 34.4—38.9°C. (94-102° F.). The
monsoon, which usually commences rather late, at the end of June or
early in July, is erratic and ends generally in October. The cold weather
is never very severe, normally not getting below 5.6°C. (42°F.) and
frost is seldom encountered. The humidity is always greater on the
coastal areas than inland.

Habits

The Bustard is normally solitary though there is no fixed rule
regarding the numbers found together. Large droves are not met with
now and even a herd of ten birds is very rarely seen. Cock bustards
are seen singly or in pairs or in any number up to a dozen or more.
Similarly hens may be seen solitary or a few together. It is rarely
that both sexes are seen in equal number together, for they have a
tendency to segregate except in the breeding season when the cock
acquires a small harem; though the number of hens in the harem not
always constant. Immature birds of both sexes which have not assumed
full plumage gather in small droves and it then becomes difficult to
tell the difference between groups of adult hens and those of young birds.
The only distinctive character that one could recognize in the field to
distinguish an adult female from younger birds is by the presence in
the former of a black crown slightly tinged with buff.

As has already been said, the birds have a distinct tendency to
segregate into different sexes, and when they are thus seen the diffe-
rence in size between the sexes is obvious.

The birds do not, as a rule, prefer the vicinity of human habi-
tation, but keep to barren open or grassy country where it is seldom
6
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disturbed. But so much does i

stream of people passes by a bird
at 50 i :
although normally the bird would walk oli,targfs’t}\:’elthv?,m
ay and put gag

much distance between man and itself as quickly as possip]
' ossible.

The bustard becomes wary no soo it t o
and any strange moment will y1mmediar;;:eellﬂyltc}tlzilzetktllgjllt it is
?tf }Eh? blr‘d. Any forthright attempt to approach it ewﬁ?r :

as a fast walk and can move out of sight quick] scare the bird.
away, it has a characteristic style of moving—the Y. kWhlle walking
the head held high at an angle of 45-50° anq movin nfec Outstretehed,
and the legs moving in a majestic style. These rr%ovg)nm tide to side
bird a graceful appearance. When suspicious, it takes mlenhts give the
of the cover available and if a man walks round the bir:iC ,tad\{antage
walk round the bush it has taken cover in, keeping a close b will also
behind and revealing only its head. When approached d?rewatch. frqm
stop and at once take to the wing. Suspicious birds will notc }1’ it wil
to approach closer than a hundred yards at the most It i Sl OW man
fhls wariness that it is considered a difficult bird to ap rs b o
urt}th. it Is not shy where man makes no attempt to harp Oagh but, in
driving in motor vehicles closing in, in circles, one ca rass it. When
twenty-five yards and it can be easily shot. In a si n get as near ag

Imilar
horses and even carts can also be used. Once, however r‘gr;ing?r& camels,
’ 1r

at, it becomes very difficult to approach it Whe ; is shot
. S . n .

remarkable thing about it is that it is seldom caughst:ik;ngéist;?v;m‘;d a

ntage

for it keeps its adversary always in sight. In undulating
the sportsmen can take advantage of a low ridge or hig
which the bird may, for the moment, have moved out of sig
to reach the high ground is invariably forestalleq by the bird

ing towards the high ground to take a better view and be at an aourn-
age, in spite of the fact that it may have to walk toward Rlihadvant-
ter. Similarly, in country studded with bushes, the birq ma . 1ek fun-
hush to bush, keeping out of sight as much ag possible ang . prom
attempt to come closer will cause the bird to fly. The bird has aqnyhhaSty
teristic manner of walking zigzag and this it can do with im ;rc arac-
cunningness. When in high crops of millet or cotton wily I:lz)ir(zlephble
sit down or walk under cover only to reappear at quite g dil‘ferentS e
eying the intruder carefully with the head cocked at an angle Aim-gle’
predators such as jackals and wolves, the bird is very alert a.nd (o st
fident of flying away in time before it is attacked. It ig seldom F oon-
killed by such animals, man being its only deacly enemy.

country, where
h ground from
ht, any attempt

5 lf eVer,

Description of the Sexes

Male: —The adult male stands with the neck
105 em. (ca. 3} ft.) or more and when flying the ?‘L;its;rzt;:sd_ about
240 cm. (ca. 8 ft.). It is recognized by its larger size, the th; kls Over
vredators such as jackals and wolves, the bird is very alert lg - White
rugations on the upper mandible and a fairly short ang polilntég %qﬁ_
ill.
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Owing tv the flabby nature of the chin and throat, its bill looks much
shorter than it really is. The black feathers of the crown hang
hehind in a pointed crest. Young birds of the first year are similar
in appearance and size as the adult female, only the crest being shorter.
Male birds assuming adult plumage are intermediate in size, the head
and neck appearing whiter and thicker than in adult females.

Female:—The female is easily distinguished from the male by her
smaller size length about 90 cm.; ca. 8 ft. more slender neck which
is finely vermiculated and hence darker, and by the smaller broken
pectoral band which forms only a sblack bar on each side of the
breast.

Call

The Bustard is a silent bird, except during the breeding season or
when giving out its alarm call. The breeding song of the male is a
low moaning deeply resonant sound, and can be heard some miles
away in the early morning or late evening. The alarm call is a short
humm or hook in a low key but rather full in volume. It is from this
call that its name hukna in Gwalior (Madhya Pradesh) is derived. The
Kathiawadi name ghorad is also’ onomatopoeic and denotes a resonant
loud voice. The short alarm call bears resemblance to a short honk
and is also reminiscent of that of the call of the Ruddy Sheld-duck. It
is emitted repeatedly when the bird sees danger approaching. The
female also sounds her alarm call mostly during the breeding season;
this is a short grunt or hook. She also hisses loudly, raising her
back feathers. Some sportsmen mention having heard a cackling call
while the birds are feeding. The chick utters a sharp whistle when
it is “freezing’ in cover. This whistle, once recognized, betrays the
chick which is otherwise very well hidden and impossible to spot as
it matches the ground and iz small enough to be concealed in short
grass.

Seasonal Movements

The Bustard, as seen in Kahthiawar, keeps faithfully to its habitat
us far as possible and only migrates to other areas for feeding or if
persecuted. The ideal habitat is usually extensive and self-sufficient in
food supply. The birds, as far as possible, keep to the same ground,
walking often miles and covering long distances in their search for
food. The line of direction they move in may not be straight as they
are inclined to zigzag movements and walk in circles while feeding.
Sometimes they fly to localities where there is abundance of food. For
instance, they were seen alighting close to Cattle Egrets which were
feeding voraciously on grasshopper and locust larvae. They will also
fly to water and to patches of grass where they find their food re-
gularly. They appear to be locally migrating, sometimes long dist-
ances, during the winter, when a pair or drove may be seen fiying fairly
high, searching for favourable feeding areas. Birds are met with during the
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winter often in cotton fields. Sudden ang
winter in certain localities will attract a birg or two
in the hope of finding better food. Although the bir(i g;?gysgomtiﬁix
it keeps away from areas of heavy rainfall. It ig much attracted t(;
areas where the locusts and the sand-lizards breeq, Thus, maderate
rainfall is essential for its survival, on account of the favo’urable con-
ditions which propagate insects, reptiles, scorpions and even rodents,
During the monsoon the movements of the birds are largely for
feeding and for establishing breeding territories, ang since there ig
ample cover at the time the birds roam about 5 good deal. Like the
Lesser Florican they migrate to certain grasslands, for breeding and both
species may be seen together at this time. Unlike the Lesser Florican how-
ever, they rarely depart from the province, but return tq areas where
they are less disturbed during the major part of the year. 1f the birds are
not ‘harassed, they keep to the same vidas ang habitatsg, There are
instances where the same birds were watched for years i the same olq
localities where they remained undisturbed, Owing to this consistency
of habit in a self-sufficient habitat, it is possible to convert such areag
into a sanctuary, provided that a constant guard is kept over it. 1In
the past, one could go to such an area and see at leagt a dozen or more
bustards in an evening’s drive. So regular are their habits of feeding
that birds can always be seen on the move in the early morning or late
evening during the hot or cold seasons. During the hotter part of the
day, they Invariably take their siesta under some bush oy tuft of grass
and lie low. The seasonal movements, therefore, are for two reasons,
viz., for feeding and for establishing breeding areas, the latter being
essential areas in non-ideal habitats visited by them year after year.
Eggs have been found in the same areas time after time. [f const-
antly shot at or harassed, the birds may forsake the areas or vids for
months and never return to it, according to the €xperience gained.

Flight

The flight of the bustard is a graceful, a slow wing-peat which
carries it at a swift pace of about 50 miles per hour oy more. While
rising, it gets up with ease, pften without even g step, and in flight
the wing-beat is continuous without any gliding. A faint wing-pateh seen
on both sides of the wings is sometimes observahle and the neck ig
kept outstretched; the legs remain f.fold?d up while rising ang Stretches
out while flyving. The height at w}pch it flies ig invariably low overland
and a bird may be seen di_sappearmg lo.w over the horizon. The flight
appears to be irregular, yvxthout formations, though iy g definite direc.
tion, but while migrating they may assume g V-formation, When

- sighting suspicious objects, the bm}s swing away quite suddenty, hen
they are seriously disturbed, the flight is long, th

i . at is to say the b
do not alight until they are well out of sight, which may mgan ; gi;‘}i‘i
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Dbarmakumarsinhji

Explanation of Plate 1 A

The Great Indian Bustard, Ardeotis nigriceps (vigors) in Kathiawar, western India.
fic Grea ,

Photographs by author). ) '

g*ig 1. Typical bustard country, Wl;::eda cock bird.

Fic,': 2. Threc coek birds out to feed.

Fig. 3. A cook bird taking cover.

Fig. 3. Two birds taking off.

Explanation of Text-figure 1

Text-fig. 1. The Great Indian Bustard, Ardeotis
nigriceps  (Vigors) in Kathiawar, to show the
typical walking pose.
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of a few miles or more. When, however, they are merely lightly dis-
turbed and not frightened, they may alight within a couple of hund-
red yards.

The young birds of under a year do not fly long distances and
it can be only these juvenile birds that can ever be ridden down by’
horseback, the adult birds being impossible to chase or even to he kept
in sight when they are in flight.

Food

The bustard is ommivorous, feeding on a great variety of food-
stuffs, and this accounts for its being much more constant in its habits
and habitat. The ideal habitat, therefore, is one where it can find
adequate food throughout the year and where is least disturbed. The
following is a summary of its food-stuffs:—

Animal food:—Insects (mostly locusts, grasshoppers and their
larvae, beetles, crickets, mole-crickets and ants), centipedes, scorpions,
worms, frogs, lizards, small snakes and mice. Vegetable food:-—Shoots
of vegetables, lemon-grass, mustard, wheat and grains of millets, fruits,
berries of ‘ber’ (Zizyphus sp.), ‘kards’ (Cepparis sp.) and ‘piloo’
(Salvadora sp.). Grit or small pebbles are swallowed to aid mastication.
In grassland habitats, the principal food consists of locusts and gras-
shoppers and their larvae in grassland where these insects, as well as
heetles, small lizards and snakes, are found throughout the year.

The competition for food by other forms of bird-life and animals
is negligible. In the bustard’s ideal habitat, the Lesser Florican
(Fupodoti indica) is sarcely seen and in other habitats the grassland
is so extensive and the food-supply so abundant during the monsoon
that keen competition for food is not felt. From October to February,
when large numbers of migratory birds, such as the crane arrive, very
few of the latter ever settle down in the typical habitat of the Great
Indian Bustard, but remain more localised in agricultural land and
fallow land of the open type. Competition for food by such large birds
as the crane is therefore, not felt. Birds such as the whimbrel
(Nuwmenitus phacpus), curlew (Numenius arquatus) and Black Ibis
(Pseudibis papillosa), are seen but not in very large numbers, but their
food is different; and this remark also applies to Rock Bush Quail
(Perdicula argoondah) and the partridges (Francolinus sp.) which are
really non-migratory birds.  Of other ground  birds, the Houbara
(Chlamydotis undulate macqueent) is seen; this bird could be a serious
competitor to the bustard, but its numbers are generally very small.
However, certain birds of prey, like the kestrel (Falco tinnumculus) and
harrier (Cercus sp.) may feed upon locusts and grasshoppers but they
have never been seen devouring such insects on a large scale.  The
House Crow (Corvus splendens) would appear to be a more serious
competitor, but, here again, I have never seen crows in large number
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in the typical habitat of the bustard, "
gz}ther in ﬂocks‘, What might appear E(‘:e}?e t&(;u%o;theyf‘re inclined to
of the bustard is the Cattle Egret (Bubuleys ibis cor SETious competitor
ing the year these birds will alight neay cattle romandus), for qup.
upen grasshoppers and their larvae. Since their and .fe?d voraciously
is strong, the birds are not always found in t
bustard, but are more inclined to be seen oy

farms. However, wherever grasshoppers and heir | d close tg
dantly, the Cattle Egret is found feeding upon ther Arvae oceur abun-
often indicates to the Bustard the ready availabilitm and their Presence
Owing to the abundance of insect life during theyn?t its food Supply.
there does not appear to be much, if any, CompetitiOnmésoon and after,
hot weather the food-supply may be a little difficult b or fOO_d. In the
of grasshoppers are still found in the vids. ut a fair numbey

agriculturg] lan

Of the animals, the fox, hare, wolf, jackal
and nilgai may be seen in the same area, hut non,e
food-supply with the bustard. The fox may feed
Snd gerbilles, but its food is mostly rodents which

ance.

black-buck, chinkarg
of them Compete for
upon insects, lizards
are found ip abun-

From November to June, when food is relati .
typical habitat, the bustards feed less vorac?o?ltsll‘;felgnsdca;fe ™ the non.
of breeding condition, seeking a livlihood from the ve :tusually out
mustad fields, and fruits of Zeézyphus and Capparis an%i able  crops,
black beetles and lizards. During the monsoon and Just on certa.in
when locusts start breeding, the bustards feed voraciousl prior to it,
The bird walks with head bent downwards, watching ou'g, fon _them.
and other live food that it flushes; then it runs and snatch Ort opects
in its bill with great accuracy. In order to facilitate thee; (}il'em w
food, a number of bustards may walk in line, as if in g b nding of
to cover more ground. And yet, solitary birds are Ofter; . eat, so as
during the height of the breeding season. Separateq birdsncounte.r‘?d
together to form a feeding party. An ideal sample food-plot may Jjoin
of Capparis, short and extensive grasslands, T"i“mfetg)a LCOI;Slstm.g
and Zizyphus, desert lizards, grasshoppers and locﬁst » mep adenia
small snakes, is self-sufficient area for the whole year ’ IWlth some
of six square miles in such a typical habitat ag mention dn an area
many as four bustards could live happily. In an areq of aboe t e, as
miles, as many as 38 bustards were seen. This uh 40 square
bustards do not require a very extensive area for survi SOWS  that
that it has ideal feeding and cover. One such an are vival, provided
agricultural land and had a population of about 1 Ogowflls mixed yvith
In view of this, a sanctuary inclusive of human po’ dlati uman beings.
of 50 sq. miles could easily hold a dozen of nlorepblatlon of the size
present circumstances and conditions, an ares of 25 15 ‘f‘rdS. In the
habitat may hold six bustards only. $Q. miles of bustarq

Dec. 1957] DHARMAKUMARSINHII GREAT INDIAN BUSTARD 149

L. . : : .
Today the feeding and breeding grounds of the bustard, during the

monsoon is thereatened by the influx of cattle and of nomadic tribes
who go hunting and shooting indiscriminately and slaughter anything
that moves under their feet.  Bustards are being shot and snared in
their nests by certain communities. They cannot survive such an
onslaught for long. The bird survives today not because it is a pro-
tected bird but because it cannot be got at to be shot so easily. Never-
theless, it falls a prey to trapping which is done with a bait of lizards
attached to wire bent in the form of hooks. Cruel methods such as
these, and snaring the hen birds on their nests is done at all times of
the vear.

Courtship

The male establishes a territory by selecting high ground from
where he struts like a turkey cock, fanning his tail, lowering his neck-
sac and emitting a low moaning call. He is, however, not a fighter and
fighting among two cocks is not heard of though they will not call from
or encroach upon the same displaying ground. However, at a distance
of halt a mile away another bustard cock may be heard calling triump-
hantly. The calling takes place very early in the morning or late in
the evening even after dark. The birds become shy when they sight
man, so the courtship can only be seen from a distance through a pair
of binoculars. The calling birds, though pugnacious on their elevated
ground, may be seen amicably walking and feeding soon after the hen
birds have disappeared, though this is more frequently the case after
the breeding season is over. As birds are so few now-a-days, it is
difficult to work out the sex-ratio.  The hen birds do not walk in a
flock towards the male as might be expected but come one by one and
it is seldom that a complete harem is seen, though often so described
by shikaris and sportsmen. An assembly of one male with a few
females is probable.

In the male the neck-sac is extended almost to the level of the
ground during the breeding season, and this elongated, baloon-like sac
waves about in the wind. The triangular head and the chin, throat
and the pointed bill with round eyes, followed by the long white neck
gives the bird a grotesque appearance.

Breeding

The bustard is polygamous, the cock mating with a number of
hens. During the breeding season, which is usually from May to
November, a cock may have as many as half a dozen wives. In the
typical hahitat where the rainfall is low and the ground flat, grassy
and profusely studded with lowbushes having ideal food conditions,
the breeding season is a long one. In other areas, birds breed from
July to November and most eggs are laid in the months of August
to October, when cover and food is at its height.
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The hen after mating selects ap undisturbed o2
egg. In the typical habitat the bhirq may seleet
often close to a bush, where it can see danger o 2 site in sho
and when crouching can conceal herself com lat 1
cellently considering her large size. In otheI;- ehe ]
thin grass, but never thick grass from which s
appxjoaching. The bustard lays only one egg and
the incubation and rearing. The egg is thick~5h‘) the fem?”e does all
from olive brown to reddish brown. [t is oval i 'es In colouy
Ing at hoth ends. The incubation period is no » Dluntly taper.

The mother bird hisses and raise - £ :

egg and will often attack goats or sheSph\ilhefaxtlheerS | defence of the
grunts. She will also feign injury by dangling hnacle
if wounded. She is a devoted mother to a o
‘n the breeding season when hens start lay

€gs and flyip
n equally devoteq proggenifs

ing,
close to each other and this is the result §f Otr\lfomay find two eggs

together., hens laying cloge

Tt cannot be said exactly whether a hen bi
. : d
is possible that she does, but there is no dorubtlag}f teVery year, It
not mature to breed the following year. It takes at al the young do
if not more, for the bustard to reach maturity. cast two years

The chick is buff with black markin
apd has the same ch_aracteristic habit of n?osvizg itt};ehcrgwn and body
side and the majestic walk as the parent. It emits €ad from gsige to
Droves of young birds are often mistaken for a g a l?hort_whistle,
certam.local people who do not recognize the diﬁere:1 all variety” by
young is full-fledged in four months and can only ﬂycshcl;-t Sé?_x.t The
Istanceg

when hard pressed, and yet it keeps with th i
ble time. € parent bird for g considerg.

Measures for Protection

People who to-day persecute the bustar . : .
so-called sportsmen, the crop-protection or dviﬁ;egenm:ad}:c tribes, the
egg-collectors. The last named has now almost varf)i 2‘3(181‘8 and the
sure of nomadic folk who, feed on wild life, angd thesde - The pres.
protection guns for the survival of bustard is SO great Eger of crop.
are constantly being exterminated and the situation i at the birds
however, possible to set aside areas as sanc 1S grave. It is,

R . tuari i
wardenship is established and all crop-protectionle;imgr(::.ltd}fd a mobijle
nilgai (Blue Bull) is the only species which menaces th; ai?wrllt_: The
Culturist

in the bustard country, and this species can li
such areas. The chinkara and the blackbuckezz)scéirbgnf;t?flm]inated in
0

bers as to cause no serious harm to the cr w

. ops. Th num-

if they deserve to be called by such a name, who shotefviowggf Spgrtsmen,
€N bustardg

Y
i \47.

d, emitting shopt-
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in a day and a dozen and a half on the following day in an area of
about 80 sq. miles from a car. There must have been more birds
than those shot in the area. Those were the days, in a typical habitat
far bustards, where complete protection to the species and other game
was given. Nomadic tribes must either be prohibited from entering
the area of bustard country or provided with wholetime work to dis-
tract them from their usual harmful activities. People must be con-
vinced so as to realise the importance of protecting a rare species
which is valuable in reducing harmful insect-pests of crops. The
sportsmen must be convinced and controlled and the village poacher
must be disarmed of effective weapons in areas where he may be in
a position to directly affect the species. The bustard country must
be recognized as a sanctuary where local co-operation to protect the
bird is essential.

Secondly, a mobile Game Warden with local village workers to
assist him as Assistant Game Wardens, are essential. Without
this arrangement the thought of establishing a sanctuary is a danger
to the species. The planning of such an area should be left to a
responsible person who knows local conditions. The whereabouts of
the proposed sanctuary must be kept a total secret until full co-opera-
tion and the staff and equipment is decided upon. Only after this
should the area be declared a sanctuary by an enactment. A preli-
minary survey of the area could easily be done to ascertain how many
bustards exist in the area, and since the birds are in a low numbers,
this would not be very difficult. Harmful animals such as the ntlgat,
if any present in the area, could be driven out and destroyed soon
after the sanctuary is established. The following conditions are im-
perative for the requirements a sanctuary for the bustard:—

1. The range must be extensive. It must have intensive food
supply and cover so as to be conducive to the survival
and propagation of the bustard.

2. The area must be safeguraded by strict control and by co-
operation from the local agriculturists.

3. Crop protection guns must be withdrawn from the neigh-
bourhood.
4. A service would have to be established to keep out the poa-

chers, serve as a guide to visitors and for maintaining a
doftRenumber, habits etc. of the bustard.

Marea of 50 sq. miles or more in

For a
\east amount of agricultural land

blocks or ot}fé
and human
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a prerequisite. The following

recurring T
staff to safeguard the birds n ing expenditure for the necessary

d the habitat would be needed: —
1. One Game Warden, at Rs. 200/-

2. One Assistant Game Warden-cu
per month.

3. Six part-time village watchmen, at Rs. 95/. per month
4. Monthly allowance for petrol, Rs. 90/- | .

per month.
m-motor driver, at Rs. 100/-

Thus, the monthly recurrin
or Rs. 6,480/- per year.
follows :

g expenditure woulg com

The non-recurring expendit ¢ to Rs. 540/-,

ure will be gs

(1) Onme Jeep car Rs. 12,500/-.
(2) Living quarters for Game Warden: Rs. 12 000/
(3) Garage: Rs. 1,500/-. T

The non-recurring expenditure would thus come to Rg 26,000,

Such a sanctuary could be tried as i
of the many in which the bustard is f?or:lne;psfll‘:)rlrjlﬁinti) One area out
wguld serve'to protect the bird from extinetion In ¢ Selected ang
tain towns lie close-by, the expenditure of establ.ishin a{ﬁas Where cer-
ters for the G.ame Warden may not be required agnd :hhvlng quar-
ensured. If this sanctuary is a success, other bustard Us a saving
could be created in different parts of the Saurashtr Ard Sanctuaries

a.
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Introduction

A marked seasonal periodicity in egg-production is characteristic of
most fishes (Hoar, 1957). It is also well known in a general way that
the changes in the gonads are controlled by the pituitary hormones.
Several investigations have been reported bearing on these two aspects
of the reproductive physiology of fishes. We may mention in particular
the studies of the gonadial cycles in salmon by Jones (1940), in Hake
(Hickling, 1935), in Trout (Mric, 1923), in Fundulus (Mathews, 1938)
and in the common Indian cat fish Heteropneustes fossillis (Bloch) by
Ghosh and Kar (1952).

The parallel histological changes in the pituitary and the gonad
during the gonadial cycle have also been studied by several authors in
particular by Mathews (1939) in Funduls.

Sergan, Murray and Darssow (1954) have investigated the amino
acid content during the different stages of maturity of the ovary of
five speces of Pacific salmon, but without any reference to the changes
in the pituitary.

We have no precise knowledge of the way in which the pituitary
influences the gonadial activity. Hoar (1955) has pointed out that it
is not likely that the same biochemical materials are operating in groups
as widely separated as mammals and fish. The fact that fishes are unres-
ponsive to many mammalian gonadotropins has been regarded by Hoar
(1955) as indicating real chemical differences between mammalian pitui-
tary and fish pituitry. There is thus need for chemical investigations
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to understand the specificity of fish pitui
. : : pituitary hormones as wel
biochemical links between the pituitary and gonadial activities s the

As a preliminary step in analysing i i ink
the pituitary .and gonad in fishes, }; h:vethl?eek:()(s:?tfg;icnal Ll:rl;ls be?veen
the changes in the amino acids of the corresp()ndingst paraflvely
pituitary and ovary in a few common freshwater andgestage.s of the
of South India. The present account summarises the uﬁ:,m-e fishes
quantitative changes of the protein-bound amino acids“ i(rlluztlhlr:::“éirind
' £8-

ponding stages in the growth of th itui
Mystus seenghala. € ovary and pituitary of the cat fish

Material and Methods

The fishes were collected from the lo i
during the different seasons of the year zfr?;li Iéﬁzds arios mamalainagar

glands of three clear marked stage : ovaries and pituitary
adopjcing Bower’s (1954) classit;gcasti(ﬁlefsél:gg flor Ithe Present study,
ovaries very small—colourless. Stage II. Maturin.r- mmature virgin:
yellowish orange. Stage III.  Mature: well swollizl'1 Othl‘les _swollep_
O.wmg to the small size of the pituitary, it was not with  thin tunica.
different regions of the pituitary separate possible to take the

he analysed for amino acids in the presenly. So the entire gland had to

L . ti irati
mination of the protein-bound amino acids ltr}ll\;ef)t\:gs;lzrrl{d rl)?i(glﬁ"the deter-
itary were

hydrolysed in 6N HCI for 18 hours i
as described by Giri (1952) was ado}')teglggular baper chromatography

using Whatman paper Nos. 1, 2 and 20. YTgloe sit;dy of amino acids,
g.raphy was also adopted using Whatman Filter pa enillonal chromato_
?Zo.nsl .251>(25 cm. aind 20<20 cm. Butanol-acetic p:(lz'id-v(:/. tl ot QImen-
(4: 1: ) and buffered phenol were used as solvents and a coar mixture
in 93./0 acetone as the colour developing reagent ’ Than (,)'2 Jo Y_llhydrln
identified by running a mixed chromatogram as d;?Sc1"be ammo‘a.mds were
(1952) by spotting both known and unknow oed by -Gm and Rao
chromatogram. n samples in the same

In the case of the amino acids which faj
X a -
bands, multiple development was successfulll;e(lr;olSepar"’}te as distinct
two-dimensional chromatography. For quantitatip pse n addition to

tissue was accurately weighed, acid hydrolysi Ve determination, the
ducted, and the total volume of the hydr%i;zalézlnvfiasﬁNmiCI W;s (’:Ic‘m-
sured. The

procedure adopted by Giri (1952) was
tity of the hydrolysate (0. 025) 1 to f8,lé%we? ) Véasknown micro-quan-
aid of a micro-pipette. The chromatogram Clvas devel Sp(:;t?d With the
way, using 0.5% ninhydrin in 95% acetone. Each };)pe In the usual
separately and eluted using 75% alcohol and 0.1% co and was cut out
tion (7.2 cc of 75% alcohol and 0.8 cc of copper Sufphertsulphat.e solu-
each eluticn). The optical density of the resulting sollitiolr)lsawea Ss:iut(;on .for
ad, using
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a Lumetron colorimeter (Model 401-A) with 550 mu filter. The quan-
tity cf the amino acids was calculated from the calibration curve drawn
for each of the amino acids individually.

Observations and Results

The results of the quantitative and qualitative analyses are shown
in Tables I & II and in the diagram. The following are the qualita-
tive findings.

(i) The ovary and pituitary have in common in all the three sta-
ges examined the following amino acids: leucine, isoleucine, phenyla-
lanine, proline, alanine, glutamic acid and threonine, glycine, serine,
and aspartic acid and histidine. (ii) The ovary has a total of eighteen
Jifferent amino acids in the first or immature stage, twelve in the second
stage and eighteen in the mature or III stage. (iii) The pituitary has
in the first stage twelve amino acids, eighteen in the second, and sixteen

in the third stage.

Thus, while the I and 111 stages of the ovary have a greater number
of amino acids, it is the second stage of the pituitary that has the largest
number, and the first stage has the least number.

(iv) The differences petween the ovary and pituitary with re-
ference to qualitative variations in amino acids are summarised below

and can also be seen in Table 1.

Stage of Ovary Stage of Pituitary
Amino acids showing the showing the
amino acid amino acid

Valine 11 1&11
Methionine all 11 & 111
Tyrosine all 1 only
Hydroxyproline none 1T only
Asparagine 1&T1I1 11 & 111
Arginine I1&I1I11 all
Lysine I1&II1 all
Ornithine I1&III all
Cystine 1&II1 11 only
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(v) It will be seen from the Table 1 that six of i

[ six of th i
present in the I stage of the ovary disappear in the secor?dami:ﬁ ?ﬁlds
reappear in the III stage. ' ese

(vi) In the pituitary four amino acid i

' s which are lacki i
the first stage appear in the second. : ing In
third stage. M nd. Three of these disappear in the

. (vii) It may be particularly mentioned that c
only in the second stage in the pituitary but in ovar
the second but present in the first and third.

ysjcine is present
y it is lacking in

With regard to the quantitative result .

findings are: s (Table 1) the more important
i. Phenylalanine, tyrosine, and glutamic aci :

L e ’ cid—t )

progressive increase in the ovary. The increase in gii:?lmln? Sl.low 2

thirteen to fourteen times in the second and third stages I'egl )23?\7‘;; is

ii. In the pituitary phenylalanine and histidine
sive increase, the former showing much more than the |
to the same degree as in the ovary. Increase in histi
siderable. !

show a progres-
ater, though not
dine is also con-

iii. Speaking generally, the amino acids . .
exception of phenylalanine and histidine, have tbheoii g;kpli';lu:iry, with
stage, while many of the amino acids in the ovary have their peaek septtilnd
in the first or third stage. Alanine and asparagine argininel iy
cystine have their peak in the first stage in the ovary. ’Histidinee 1and
has a peak in the second stage in the ovary. Phenylalanine t rapne
glutamic acid—threonine have their peak in the first stage of ,they 00:;;1;,

The relatively gregte'r number and quantity of amino acids in the
second stage of the pituitary is indicative of the increased funetional

activity of the pituitary probably as a prelude to the maturity of th
ovary. Further investigation is in progress. €

Summary

1. A comparative study was made of the qualitative a
tative changes of the amino acids in three corresponding stage
of the pituitary and ovary of Mystus seenghala. )

nd quanti-
of growth

2. Both in the pituitary and the ovary there j

well as quantitative variation of amino acids in diﬁ'erenS dualitative as

t stages.
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3. Cystine shows an interesting variation. In the ovary the
first and the third (mature) stages have cystine, but in the pituitary
this amino acid is present only in the intermediate stage. Thus the
appearance of cystine alternates between pituitary and ovary.

4. Valine and methionine are present in the pituitary only in
the third stage but in the ovary these are present in the first and the

third stage.
5. Histidine is present only in the second stage of the pituitary.

6. Speaking generally the amino acids in the pituitary have their
peak in the second stage with the exception of phenylalanine and his-
tidine, which have their peak in the third stage. But in the ovary
phenylalanine, tyrosine, glutamie acid-threonine have their peak in the
third stage, histidine in the second, the rest i.e. alanine, asparagine,
arginine and cystine in the first.
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y and pituitary of

TABLE 2—Quantitative distribution of amino acids in different stages of ovar

Mystus seenghala.

Pituitary

Ovary

Amino acids

11 Stage III

Stage

Stage 1

Stage 1I1

11

Stage

I

Stage

428 52-44 5907 849 48-16 90:12
105:20

17-13
180-85

Phenylalanine

7886
84-39
19-77
78:86
3379
163-32

64-44
117-40

3897
3897
3721
131-10

Tyrosine

8600
41-39

323-36

42:45
39-37

Alanine

7317
11740
102-30

2727
13917

Glutamic acid and Threonine

39-62

Asparagine

5504
151-36
240-88

2547
19-81

128-46

Arginine

3759
5370

52-44

2783
171-28

Histidine

Cystine

-grams per gram of tissue.

in micro

Quantity of amino acids expressed
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Introduction

The true sardine belonging to the genus Sardina, i

the temperate waters. In the Indian waters the group 15 ;ggfer;ee(rixttg
by 8 distinct species of Sardinelle of which three are very commoi
namely S. longiceps, S. gibbosa, and S. fimbriata. S. longiceps contribute,
to a valuable fishery on the west coast while S. gibbosa has a restrictes
distribution and occurs in shoals on the Andhra Coast and in Gulf of
Mannar region (Devanesan, 1932 and Panikkar, 1949). S. fimbriatq
occurs along both the coasts of India (Nair, 1951),

Of these three species, the study of the biology of S. gibbosa ig
comparatively incomplete. Devanesan (1932) investigated the food and
feeding habits of S. gibbosa from the Gulf of Mannar area and Chacko
(1946 and 1949) worked on the biology of S. gibbosa and its food and
feeding habits from the same region. Sekharan (1955) worked on thé
Choodal fishery comprising S. albelly and S. gtbbosa from Mandapam
area. Hornell and Nayudu (1924) gave a detailed account of the biolog
of S. longiceps of the Malabar coast. Devanesan and Chidambararr{
(1953) made a brief reference to the bionomics of S, longiceps.  Naj
(1952), pave a detailed account of the condition of the oil Sardij ]
fishery of the west coast, and the factors influencing the movements 2?

- o _ -
“Present address: —Central Marine Tisheries Rescarch unit, Waltair

Dec. 1957] GANAPATHI & SRINIVASA RAO : SARDINELLA GIBBOSA 163

the fish. Bapat and Bal (1950) studied the food of S. albella from.
Bombay waters and Vijayaraghavan (1953) worked on the food of

Madras Sardines.
Material and Methods

Specimens of Serdinelle gibbosa were obtained from the fisher-
men’s catches, and care was always taken to get a random sample of
the catches and also to get the collections to the laboratory in as fresh
a condition as possible.

The total length (from the tip of the snout to the end of the dor-
sal fluke of the caudal fin) as well as the standard length (from tip
of snout to the end of the silvery area on the caudal peduncle) of each
fish was measured to the nearest millimetre. All calculations were
hased on the standard length.

The fishes were subsequently wiped and dried between folds of filter
paper and weighed to the nearest gram on a platform balance. After
measuring the length and weight of each fish they were cut open and
the extent of feeding was recorded by noting visually the state of dis-
tension of the stomach and the amount of food contained in it.  The
stomach was carefully removed and the contents were analysed by
the points methods (Hynes, 1950). Each item of food was allotted
points based on the size of the organism as well as its abundance. All
the points gained by each food item were summed up and converted
to percentages, to find out the general composition of the food of all
the fish examined during the different months. In allotting the points,
the fullness of the stomach was also taken into account. The sex and
maturity of the specimens were determined by the condition of the
gonads according to the maturity scale adopted by the International
Council for the exploration of the sea, (Hjort, 1914).

Seasonal Abundance of the Sardines off Waltair

From the available data based on rough estimates of the landings
it has been observed that in the year 1953-1954, the fishery extgnded
from November to June, with its peak invFebruary and May Wlth a
gradual rise from November and an abrupt fall in the quantity of
catches after June. In the year 1954-1955 the season commenced from
November onwards reaching its height in December and January with
a gradual decline thereafter. In both the years the fishery was very
poor during the period of July to October. Generally speakl.ng the
sardine fishery off Waltair extends from November to June.w1th the
peak period from December to May. The seasonal fluctuations vary
from year to year.

Food and Feeding Habits

Analysis of the stomach contents of S. gibbosa (Table 1) shows
that its food is mainly composed of Malacostracan (25.2%) and Ento-
mostracan (46.45%) items, besides teleosteans (10.5%), molluscan
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larvag( (56.569), diatoms (4.19) ang
(3.75% ). The remaining 5.5% of the stoma
sand grains.

r}rluscellaneous food items
Ch contents wag made up of

On the basis of the relative nu
_ : 2 mbers ;
different types of_ organisms the following pictt?rfe f(i§[‘h kﬁhat sested the
Copepods were found in about 66.1% of the sto o) Was obtained.
the Malucostracan crustaceans in 51% of ¢ oachs oxamined; ang

. ) he
remains, though forming a fair amount of stomachs. Teleostean

were found in about 23% of the stomachs onl;hewfgfslgzoiurne of food
’ 2astropod larvae

occurred in 38% of the stomachs Th

0 ) 5 . e abov . indi

small organisms tike copepods and gastropod ISr\?acgoutﬁt i cates that
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< Sh larvae,

The average volume of food
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riod the average

September. 10 February,
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' Thg relative incidence of the different ty
food of S. gibbosa is shown in Table 1. 1t will be s

brawns, larvae of Acetes sp. and Alpheus Sp. were fl(:n Pt young
organisms, forming a very large proportion of the fooq the nhom o
year. These were the predominant food organismg i r{())upg'houf; the
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the. stomacks examingd.theae types of food items
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first spawning period
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the only diatom that was observed during(the pefio?tsfl tf
Janugry and March. The peak periods of this diatom )
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Copepods: Copepods belongin
: I g to genera Und;
Eucalanus, Ezfterp.ma‘ Corycaeus, Oncaea, MQWOZZZ;ZZIZQ, .
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< Y. Among the Cal X N a rige

! anoids, specieg
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od items wag
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Labidocera and Pontella were also occasionally seen. The abundance of

Calaroids in the stomach contents was related to their occurrence in the

plankton in large numbers. Of the other copepods, Macrosetella sp.

occupies an important place, being present in the stomach contents

almost throughout the year. It was found in maximum numbers in

December, when it occurred in swarms in the plankton. The other
Fi16.1

MONTHLY VARIATIONS IN PERCENTAGE IN THE PROPORTIONS OF
FOOD ITEMS OF S. GIBBOSA

20 H
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important copepod in the dietary was Oncaea, which was found
in large numbers in May and June, when they were ’also
abundant in the plankton. Copepods that were met with occa-
sionally in the stomach contents were species of Euterpina, Corycaeus,
and Oithona, their number in the stomach contents 'being generally
related to their abundance in the plankton. Species of Temora,
Candacia, Miracia, Pleuromamma and Pachysoma were occasionally
seen in the gut contents.

Other crustaceans: Lucifer forms an important item in the diet
of S. gibbosa being found in the stomachs of the fish examined from
November to April, with its peak numbers in March when these orga-
nisms were observed in swarms in the local plankton. Mysis stage
of decapod larvae was observed in the months of March, April and
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May only.  Alima larvae were noticed
December and January. The other crust
tities were Megalopa, Amphipods,
Crustacean remains that were in a
net with very often.

In the stomachg €Xamined in
aceans observed in smalj quan-
Isopods and Brachyuran remains
n advanced stage of digestion werf:

Mollusca: The bulk of the molluscan i i
larvae forming 83.6% of the total mollusc;relrigfn;%r:s&sed,ﬁf gastropqd
tuted 17.85% of the volume of the total food iteme i Nove. tt CORSH-
ing the other monjchs they were scarce in the stoon\rllemhber. Dur-
Bivalve larvae forming only 14% of the Mollusean item o COntent's.
September, November, Ferbuary, May and June. Pety pods found‘ -
the remaining Molluscan item were observed in the stomopods’. forming
ber and April. achs in Decem-

Teleost: Fish forms an important j i :

S. gibbose during November, Decembgr and Malt‘;ecrl:ll nin the diet
November and December, they occurred in 55% ang 49
of the stumachs examined and all those which could be
found to he post-larvae of Anchoviella sp. During 'the
Anchovielle sp. abounds in coastal waters. During
only remains of teleosts mostly Clupeid scales of 5
present, being probably accidental inclusions.

of
the months of

% respectively
identified were
above months
the other months
large size, were

Miscellaneous: Polychaetes were always in an
digestion whenever they were found in the stomach:dv'i‘lﬂze:etsgsge .
the only remains that were left. A Sipunculid was observed Vivere
single stomach in the month of November. Sand grains, which I;rg
probably accidental inclusions, formed a regular item in the stomach
contents of S. gibbosa.

Relation Between Food and Plankton

Samples of surface plankton available in the laboratory wer
utilised for comparison with the items of food in the stomachs to ﬁn(l3
out their relationship. As the sardines were caught from the surfa(
waters, the horizontal hauls of plankton fairly showed the food envi e
ment of the fish. As far as possible, plankton samples collected o I‘g}?_
same day when ‘the fish sample was obtained, were taken int o
sideration. In Table 4 the food organisms have been arranged o
order of their abundance in the stomach contents and com a dm t_he
the organisms of the plankton arranged in their order of pbre with
Estimation of the relative abundance of the varioug Organia unflance.
plankton was made by the points method. In this wa Isms n the
relationship could be made out. Y only a general

Considerable variation in the abundance o

plankton sample from that of the stomach c()nf the food items in the

tents was observed, and
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only a few organisms of the plankton sample were represented in the
stomachs. This perhaps shows that S. gibbosa. is a selective feeder,

'pre_ferring only certain of the food organiims available in the

plankton.

Length Weight Relationship and its value as an Index of the
Spawning Season

Menon (1950) Pillay (1954) and Sarojini (1956) have correlated
fluctuations in the ponderal index with the attainment of maturity and
spawning in Gedus minutus, Mugil tade, and Mugil parsia respectively.
The average weight for each centimeter length group, of either sex, in
each month, was used for computing the ponderal index for separate
centimeter length groups of both males and females. The ponderal
index was worked out from the formula used by Hickling (1930),
Menon (1950) and Pillay (1954) viz. K=-W 1> 100, where ‘W’ is the
weight of fish in grams, ‘L’ is the length of the fish in centimeters, and
‘K’ i{s the ponderal index to be calculated. The average values of ‘K’

in relation to the length of the fish of either sex are given below.

Centimetre Female. Male.
group.
6 9.119 1.901
. 1.695 1.732
8 1.570 1.653
o L.556 1.596
L 1.385 1.357
I 1362 1.452
12 _ 1.562 1.481
13 1.332 1.538
14 — 1.624
9
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Poﬁderal index for the w

. hole sample in each month for either sex
is as follows:—

Month Female Male,
September 1.268 1.262
October 1.521 1.390
Nevember 1.455 1.400
December 1.548 1.652
January 1.667 1.798
February 1.495 1.639
March 1.977 1.670
April — 2.055
May - —
June 1.578 1.648

These average values of ‘K’ in relation to the length of the fish
of either sex have been plotted as two curves in Fig. 2. Fpom the
graph it is seen that the ‘K’ values progressively decrease with increase

221 F1G. 2
THE AVERAGE K VALUE AT OIFFERENT LENGTHS Of
S GIBBOSA IN THE MALES AND FEMALES
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in length up to about 11 cm. in both the sexes and thereafter it shows
a marked rise in the males, and females also, but in the females an
inflexion of the curve in the ‘K’ values was noticed at 12 cm. of length.
If the point of inflexion of the curve is indicative of the length at
first maturity as shown by Hickling (1930), Menon (1950), Pillay (1954)
and Sarojini (1956), the females attain maturity at an average length
of 11 cm. to 12 cm. Some evidence in support of such a conclusion has
been afforded by the fact that the smallest females with maturing eggs
in the ovary were about 11 em. to 12 em. size.

The mean ‘K’ values for the samples in successive months are
plotted in Fig. 3. The decline in the value denotes the beginning of

F1G. 3

MONTHLY FLUCTUATIONS IN THEAVERAGE K VALUES OF
S GIBBOSA IN THE MALES AND FEMALES

2.1

2.04

1.9-{.

AVERAGE K VALUE

o

.4 | SR 4

.3 r— v T T T —
SEPT OCT NOV OEC JAN FEB M'AR APR M]AY JUNE
MONTHS

spawning in the species, since the increased metabolic strain is known
to manifest itself in maintaining a lower level of conditions. It will
be seen from the figure that the condition factor was at its height in
September with a steep fall in October. This primary low ‘K’ value
before spawning period was interpreted by Menon (1950) as due to the
growth of the fish in linear dimensions which obviously reduces the
‘K’ value. Thereafter there was a steady increase till it reached another
maximum in March in the case of females, and April in the case of
males. The data for May of the two sexes could not be obtained as
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the fish observed showed no distinguishabl

of their being in a spent condition. Bufc3 i??iiS'Jﬁ;Zbil})lly onlaccount
considerably high. The above account roughly indicateé " the oo Bre
ing period of the fish commences in March or A '
bably up to May and June. This observ
the evideiice obtained from ova maturat
occurrence of eggs presumed to belong to
collections.

{xtion Is in conformity with
ion st}ldies and the seasonal
S. gibbosa in the plankton

Maturity and Spawning

The specimens obtained from Se

) ptember t .
Immaturc state (Fig. 4) with the co 0 January were all in an

ndition of thejy gonads in stage I
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(Table 5). The gonads of most of the fish .

even in those where they were noticed they i:e:zefe t‘}flldeterminate and
thin transluscent ribbons lying behind the midd]en : e form of small,
The length of the gonads ranged between 3 mm ;ndthlel body cavity,
. : . i . mm. The

ary (Fig. 5) and continued till early Marcil.)pe’;rzd by the eng of Febry.
males was greater than mature femaleg during tli)lercent?ge of mature
observations were made by Hornell ang Nayudy (lgzger}od. Similar
S. longiceps, where they mentioned that the ) In_the case of

. d
took place with a phenomenal vigour in May e\i‘?}ll(:a}:lm;g; Of)ft}tlﬁ gonads
’ ° € males
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were swollen to what it seemed their full extent. This might be due
to the migration of ripening females seawards beyond the normal range
of fishermen’s operations. .

The presence of mature specimens in May indicates that the spawn-
ing period of the fish extends from February to May. This is con-
firmed by the presence of eggs of Sardinelle sp. in the plankton col-
lections from February to June, 1954. The size at first maturity of the
sardines was found to be between 110 mm. and 120 mm. (Table 5).
Fully mature specimens have not been observed at any time of the year
under study. The spent survivors start returning to the inshore waters
along with the new generation from April onwards when, fishes of size

y RELATIONSHIP BETWEEN INTENSITY OF FEEDING AND SPAWNIN
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range between 30 mm. and 138 mm. were observed in catches of the
same net. Juveniles of Sardinella gibbosa appeared in the fishermen’s
catches from October to February of 40 mm. to 76 mm. size range.
This may indicate that the fish has a prolonged spawning period.

Migrations

It is known that the migration of fishes is generally for spawning
or for feeding purposes. Hornell and Nayudu (1924) trace:d the migra-
tion of S. longiceps in relation to the spawning a.nd feeding habits of
the fish. They observed that the fish leave in April the inshore waters
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for the offshore waters for spawning and the spent . )
return to the inshore waters for feeding. Vija){)arag}f;l:gain?l gg(\]?;emles
related the food factors and migration of a few Clupeids off the Madc or-
coast. He found that when the season began ie. July to Ay ust Zis
Clupeids were observed to be very active feeders, and that % a,b 'j;'
February the mature fish left the coastal waters for the syaw ou
grounds ~ The present investigation reveals that S. gibbosa gﬁ 'rr:,:lg
to the offshore spawning grounds beyond the normal range of %iSh es
men’s operation in early February, when they are about 110 s er-
length and attain their first maturity. After spawning . in
fishes and juveniles of the size of 30 mm. to 89 mm. ,S
to the coastal waters in April.

the post-larval
tart returning

Parasites

The entozoic parasites encountered in the stomachs of §. gibbosa
were the Trematodes Aponurus sp. and Hemiurus sp., of which the
former was more common. The infection by Aponurus SD. was ver
intense in the fish during the month of February whey it was founfi'
in the washing of the stomach contents in the majority of the fish exami
ed. Nematode parasites were met with occasionally, Of the ectoz]’."
parasites Caligus sp. was noticed in the buccal cavity of g fow ﬁshmc

General Observations

There has been much speculation about the method of feeding of
Sardine. Kishinouye (1907) indicated that Sardinops melanosticta shows
a certain degree of selection in its diet by means of the gill rakers. Hor.
nell and Nayudu (1924), John and Menon (1942), Nair ang Chidam-
baram (1951) and Nair (1954), who worked on S. longiceps of the
west coast, have all described its food as consisting of plankton, pre-
dominantly phytoplankton, and they inferred that they are filter feeders
in habit. This is ascribed to the abundance of phytoplankton in those
localities. Devanesan (1932) and Chacko (1946 and 1949) observed that
the food of S. gibbosa is mainly composed of the macro-organisms
like copepods.  Devanesan and Chidambaram (1953) and Viiayaragha{_
van (1953) noticed that the principal food of sardines ig cruétaceous in
nature and Vijayaraghavan further says that fishes of Sardin
“can be described as surface feeders and may be called plankto
tors”.

ella sp.
n preda-

During the course of the present analysis of the sto
of S. gitbosa (Table 1), it was noticed that the macro-or
plankton like young prawns, Lucifer, large crab zoaea, ang
fish were more common than the smaller entomostracans.posi}% }}:{gal
these planktonic organisms whlf:h served as food were selected b t}elr
fish, or whether the fish passively allowed the watey COntaining th:

mach contents
ganisms of the
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planktou to pass through the gills straining it by means of the close set,
long gill-rakers, which are best adapted for this function, requires eluci-
dation. The presence of the larger crustaceans and young fishes which
are active swimmers, implies that the sardines exercise a definite action
of capture “involving quick efforts on the part of the fish”. Besides, it
i1s quite possible that the fish seeks the regions where small organisms
like the Entamostracans and Molluscan larvae abound, and owing to their
great preponderance in the waters, it obtains its food by mere strain-
ing as indicated by the presence of copepods in large numbers during
the months of December, January and February in the stomachs, which
shows selective action in the feeding habit of the fish.

From the examination of the stomach contents it is evident that the
sardine is onnivorous and ingests a variety of organisms differing greatly
in size. However there seems to be some preterence for certain
types of organisms available in the plankton. Table 4 shows the rela-
tive abundance of the different types of. food organisms in the plankton
and in the stomachs of the fish. There is no complete correspondence
between the planktonic compositon and stomach contents with respect to
the relative abundance of the different types of organisms. Smaller
organisms like copepods larval crustaceans and diatoms, were found to
conform to some extent with their abundance in the plankton, but the
larger organisms such as fish larvae and young prawns were observed
more frequently in the stomachs than in the plankton. Young prawns
and fish larva were found in the stomchs of some sepcimens measur-
ing above 90 mm in length showing thereby that the fish capable of
capturing them in the sorrounding waters consumed them. Such
instances also indicate that the fish exercises a certain power of selection
and does not swallow indiscriminately any plankton organisms which
may come in its way. An examination of the stomachs of a large number
of young sardines from 30 mm. to 90 mm. shows that the food of young
fishes does not differ very much from the older fish.

The results of a study of the intensity of feeding (Table 3) show de-
finite phases of feeding activity. The average intensity of feeding per
stomach has been plotted against the respective months as a curve
(Fig.5) TFish that have just spawned, and the juveniles of the new
generation were very often found gorged with food, in the months of
March and April. This period was followed by a period from May to
September, when the intensity of feeding was the lowest and it coincided
with the later part of summer and the beginning of rainy season, when
there is also a sudden fall in the abundance of zooplankton from its
peak in the middle of May. The temporary absence of Sardines in the
coastal waters in the months of July and August, and its scarcity in
1.;he months of September and October may be due to the poor plankton
in these months. This period was colsely followed by a gradual rise
in the intensity of feeding till January, after which there was a slight
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fall coinciding with the height of spawning. In .

and March, when the maximum percentai{e of fr}llgtﬁzng;eocti Feb‘ru
obtained, the average volume of food per stomach was 30 E’)‘/menb st
stomachs and stomachs gorged with food were Observe.d d(l".anfi full
period only (Table 3 and Thle 5), which shows conside blnm’g s
activity at the time of spawning. rabie feeding

ary

Summary and Conclusions

Studies on the food and feeding habits of S. ¢i

. . . > 3. gibbosa et s
fish is predominantly a zoopalnkton teeder, and that s((:1sgctsi}\1o“f'th‘.lL th.e
exercised, involving active efforts on the part of the figh et} ceding is
fish is generally believed to be a filter feeder. >t though the

Maturity and spawning studies based on the condition of th
ponderal index of the fish, and the seasonal occurrence of ey
plankton show that the spawning period of the fish commeng
month of February and probably extends over a pr '
gize at first maturity of the fish was found to he
120 mm. The fish probably migrates to the off shlgizwvszfclel}qu; mm and
ing, as no mature specimens were obtained in ‘thm Shawn-
men’s  catches.  After spawning was over the ¢ fisher-

, i : young | o }
returning to the inshore waters in the month of Apriif Juveniles start

€ gonads,
gs in the
ces in the
olonged period. The

The intensity of the feeding activity based on .
of food per stomach of the fish can be divided into ?}lliegvse;:lfe .volume
active feeding which synchronizes with the period just afte(;es'—" ()
in the months of March, April and May; (h) a low Nintensity Ozp?wgmg
which coincides with a fall in the abundance of plankton ip the oaste]

waters, and (c¢) a subsequent gradual rise in the intensi . coastal
; : i sit .
January. y of feeding till

The trematode parasites Aponurus sp. and Hemiurus sp
parasites and a copepod parasite belonging N
were found to be parasitic on S. gibbosq.

_ Nematode
to the species of Caligus
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TABLE 1—Volumetric percentages of the food components of Sardinella gibbosa

Name of the
Food item. Sept.

(1) @

Crustaceans
Malacostraca —
Larval Prawns —
Stomatopod —
Megalopa —
Crab —_
Mysis —
Lucifer —
Amphipod —
1sopod —
Decapod Larvae —
Other Crustacean
remains —
Entomostraca 3.50
Copepods
Calanoids
Euterpina
Corycaeus
Oncaea
Oithona
Macrosetella
Temora
Candacia
Miracia
Pluromamma
Pachysoma
Copepod remains 3.50
Cypris Larva —
Teleost 0.50
Eggs 050
Anchoviella —_
Polychaetes —
Molluscs 0.25
Gastropod Larvae —
Bivalve Larvae 0.25
Pteropod J—
Sipunculid —
Coscinodiscus 2.30
Sand 1.60

Ly rrr b

MONTHS

Oct. Nov. Dec. Jan. Feb. Mar.

B @ 6 (6 (O IC))

2.27 17.60 2.15 16.50 5.31 54.29

1.50 6.5 — — 198 32.63
— 165 0.62 — —

0.25 121 — 0.21

— — —_ — — 0.32
— 0.60 0.10 0.32 1.30 20.26
-— 0.10 — 010 132 —
— 0.05 — — 002 -
— - -  — 0.8 —

0.77 10.10 0.15 14,25 0.61 0.86
1.40 10.80 43.36 53.11 31.64 15.60
— 5.90 21.61 26.38 16.93 7.95

3.30 11.05 18.90 12.62 6.66
1.83 025 — 0.33

|

— 0.5 0.25 5.63 0.37 —
—  0.25 123 0.37 0.65 0.03
— — — 013 0.15 0.63
— 130 7.15 110 3.06 —
- = 01 - = —
- = - — 0.08 —
_ = - — 0.08 —
13 S — B —
—  — 115 035 070 —
—  16.25 18.85 0.40 0.16 19.95
—~  — — 010 016 —
— 1625 18,85 0.30 — 19.95
—  — 005 — L1l0 5.60
0.40 1850 1.42 0.70 0.63 0.54
0.40 0.65 039 0.70 0.63 —
—  17.85 048 — — 054
_— — 0.55 — —_— -—
— 025 — —_— - -
340 225 230 210 162 —
500 4251090 — — 151

Average
percentage

. May. Jun for the

ear.

(710) (11) y(12)

4.38 1.30 11.300
3.50 — 4.600
— — 0.230

— — 0.300
0.09 — 0.009
0.210
— 2.500
- — 0.150
— 0.007
—_ - 0.174

0.60 1.80 3.200
36.76 5.35  20.800
18.36 2.65 10.600

6.44 — 5.960

2.47 013 0.560

0.54 0.50 0.730

6.61 2.03 1.130

0.26 — 0.120
2.04 — 1.470
—_ - 0.010
-_ - 0.008
- - 0.008
- - 0.050
— - 0.050
— - 0.490
0.0 — 0570
0.72 — 5.700
0.72 — 0.150
- — 5.600
— — 0.113
0.76 0.93 2.500
0.76 0.13 0.35¢0
— 0.80 2.090
— — 0.080
-— — 0.02¢
1.14 0.13 1.85¢
0.50 — 2.53(

10
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TABLE 4—Relationship Between Plankton ang Food of s Gibb
+ Ul0bosa

Food organisms arranged in their order of abundance

in the stomachs

in the Plankt(’)’;

Date

0y

Name of Organism

(2)

31-10-563 Coscinodiscus

13-11-53

28-11-53

2-12-53

Copepods
Crustaceans
remains
Gastropod larvae

Gastropod larvae
Larval prawns
Calanoids
Labidocera

Fish scales
Coscinodiscus
Macrosetella
Other crustaceans
Bivalve larvae
Amphipod
Lucifer

Anchoviella
Crustacean remains
Larval prawns
Coscinodiscus
Megalopa

Lucifer
Macrosetella
Calanoids

Anchoviella
Stomatopod larvae
Coscinodiscus
Calanoids
Euterpina
Corycaeus
Cypris larvae

Date

(3)

29-10-53

12-11-53

26-11-53

2-12-53

Name of Orgarnism

(4)

Coscinodiscug
Acartia
Fucalanus
Centropages
Oithong
Euterping
Medusae
Sagitta

Diphyes
Sagitta
Canthocalanys
Paracalanys
Corycaeus
Macrosetellg
Fucalanus
Tuterpina
Oithona
Oncaea
Acartia

Macrosetellq
Oithong
Oncaeq
Centropages
Acartia

Fish eggs
Salpa

Coscinodiseug
Calanoids
Macrosetellg
Corycaeus

e —————————

Size l'ange Of flﬂh

examined ip ¢py

e

8.8 to 11.8

6.8 to 114

5.1 to 120

9.0 to 12.2

-~
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i in thei der of abundance
Food organisms arranged in their or e Size rangs of fish

in the Plankton

in the stomachs

Date Name of Organism

(1) (@)

9-12-53 Calanoids
Macrosetella
Corycaeus
Megalopa
Cypris larvae

Calanoids
Corycaeus
Decapod larvae
Macrosetella
Bivalve larvae
Stomatopod larvae
Oncaea

Cypris larvae
Gastropod larvae
Oithona

Macrosetella
Undinula
Megalopa
Oncaea
Oithona

Undinula
Macrosetella
Lucifer
Oncaea
Corycaeus
Sapphrina
Labidocera

29- 1-54

4- 2-54

11- 2-54

15- 2-54 Cypris
Bivalve larvae
Calanoids
Euterpina
Corycaeus
Macrosetella
Oithong

Nauplius (copepod)

Date

(3)

9-12-53

29- 1-54

4- 2-54

11- 2-54

15- 2-54

Name of Organism

()

Calanoids
Coscinodiscus
Corycaeus
Onceaea
Macrosetella

Sagitta

Undinula

Lucifer

Calanoids
Corycaeus
Oithona
Macerosetella
Oncaen

Bivalve larvae
Gastropod larvae

Calanoids
Decapod larvae
Oithona
Corycaeus
Gastropod larvae

Calanoids
Decapod larvae
Fish eggs
Oithona
Corycaeus
Macrosetella
Lucifer

Calanoids
Decapod larvae
Gastropod larvae
Bivalve larvae
Fish eggs
Oithona
Corycaeus
Euterpina

examined in cm.

7.2 to 12.2

5.2 to 7.6

5.5 to 6.9

7.1 to 8.7

5.4 to 7.2
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Food organisme arranged in

in the stomachs

Date Name of Organism Date Name of Organism’*— —

o e ® @

24- 254 Larval prawns 24- 254 Gastropod larvae
Euterpina Bivalve larvae
Coscinodiscus Diatoms
Calanoids Lucifer
Diatoms Prawn larvae
Oithona

Nauplius (copepod)

25- 2-54  Anchoviella
Polychaetes
Megaiopa
Coscinodiscus
Calanoids
Decapod larvae
Corycaeus
Fish eggs
Bivalve larvae

4- 3-54 Larval prawns
Calanoids
Clupeid scales
Oithona
Euterpina
Megalopa
Oncaea

9- 3-54 Anchoviella
Lucifer
Labidocera
Euphausids
Teleost remains
Polychaete remains

12- 5-54 Oncaea
Calanoids
Euterping
Macrosetellg,
Bivalve larvae
Fish eggs
Euterpina

15- 5-54 Larval prawns
Coscinodiscus
Calanoids
Corycaeus
Oncaea

their order of abundance

in the Planktop

Dt:ecapod larvae
Oithona

Calanoidg

25- 2-54 Megalopa
Cypris larvae
Lucifer
Oithona
Bivalve larvae
Gastropod larvge
Polychaetes
Euterping

4- 3-54  Lucifer
Calanoids
Gastropod larvae
Oithong
Decapod larvae
Zoaea
Bivalve larvae

8- 3-64  Pleurobrachiq
Lucifer
Zoaea
Sagitta
Megalopa
Fish larvae

11- 5-54 Oncaea
Calanoids
Sagitte
Larval prawng
Fish eggs
Euterpina
Centropages

16- 5-54  Oithong
Acartig
Oncaeq
Temora

Size range of figh

examined in gpy,

9.2 to 131

6.0 to 106

65 to 75

115 to 13.5

11.0 to 135

TABLE 5— Relationship between monthly condition of gonads and size range and state of feed of S. gibbosa.

P9y
3o 91818

‘Xo Ur *Xxos
o[qeysm3
-unysiput
Jo ysi3 jo
oJuer 971G

‘o Ul
so[eway Jo
o3ues 921§

mo ut
sa[Bm JO
a3urex oz1g

x08
oyqeysm3
-unspat yo

sty Jo %

so[emay
oY1 30 %

BO[BIII
oq1 3o %

sy
°q1 Jo %

pruwod jo
Lyuanjew
Jo a1el1g

Months

|
|
|
|
|

t

|

1.00
2.00
4.00

4.80

8.8-11.1
8.3- 8.9

10.7-11.7

8.9-11.6
11.80

100.00 25.02 33.36 41.70

1

September

8.1-10.7
7:9"‘11.9
7.2-11.9

7.6~

23.10
20.00

28.56

69.30

7.70

100.00
25.00

1
1

1
1

October

6.8- 9.8

5.1-11.7
7.2-11.7
6.6— 7.6

55.00
38.08

4.54
32.90

100.00

November

7.1-11.1
52- 171

33.32
31.78
117.36

100.00

100.00

December

5.40
3.33
2.50
3.33
8.02
9.00
6.05
1.69

63.56

100.00

January

6.1-11.1 5.4- 7.2

5.4- 6.9
11.5-12.0

49.74

84.24

February

1.56
13.43

94.35

11

10.3-11.1

11.1-12.0

40.00
41.30

60.00

6.0- 7.9

6.0- 8.2

58.70

100.00

1

March

10.6

5.50
100.00

7.6
11.5-12.0

11.1-13.5
11.4-13.8

3.0- 84

3.0- 8.9
11.1-13.0
11.6-14.1

9.90
20.02

9.80
14.30
25.00

79.70
65.78

77.70

1
I

April
May

1.32
3.01

75.00
100.00

17.76

11
111

13.5

4.44
100.00

27.50 5.00 9.7-13.7 6.4-13.5 10.5-13.0 1,00

67.50

1

June
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Introduction

The Vellar Estuary at Portonovo (Madras State. lat. 117 29’N,
long. 79° 49’E.), which has an open bar throughout the year, has a
marine zole extending for over a mile up the river. This is characteris-
ed by the absence of vertical haloclines and by the predominance of the
neritic waters at high tide.

The hydrology and biology of the marine zone of the estuary were in-
vestigated by me during the year 1953—1954. As a part of this programme
of study, the seasonal and tidal variations in the total biomass and total
organic matter of the plankton in what Ruttner (1953) has termed the “set-
tling volume of net-catches’ were determined. This was chiefly with a view
to obtaining relative information regarding the planktonic element
indigencus to the marine zone and that which dominates at high tide
due tc the influx of sea water.

The study of an ecosystem involves three levels, (1) the trophic level
giving the pyramid of production, (2) the ‘living weight’ with the pyra-
mid of biomass and (3) the pyramid of numbers. The concept of bio-
mass, originally used by Petersen (1922), and later by Zenkowitch (1931)
and Bogorov (1934), is related to the population of organisms in a defi-
nite or unit area or volume as estimated by the total weight and deter-
mined at some particular moment. The study of biomass may be at

11
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spacies level, or as in the
» OF 2 present study,
(1950) have pointed out that few comgle

Riley (1938) has shown that the total organic matter may show a

parallel variation to that of

: chlorophyll units whi

fgeguerlltl‘y as measure of productivity. Thig sugge;zh tl}11ave been used

2. ota organic matter.has a bearing on the problem ) f ot th‘e ot

ion. Organic production is “the amount of organic (r)nex(’zel;f'iazjlllfzvlll)ir Okdli)c-
§ ch by

the activity of the organisms is synthesized i

- = . n
synthesized from inorganic substances in unit 2 ome of water or

1949). The estimation of organic production is ir:;evés Vzr\(}:F p, et. ?l"
> ’ 'Y complex

problem. The determination of standin

cr i
volume, or chloro_phyll content of filter gesm?};’s t}éznblognass per unit
rough approximations, as Ruttner (1953) pointed ;)ut at best be only

at community level. Allee et. al.
te biomass studies are availablet

Studies bearing on the productivity of i
Ramamurthi (1953) studied the seasznal I\fladrlia;::iw
estimated as chlorophyll units. Prasad (1956) hao
ges in the nutrient salts with the variations in hst
waters of Mandapam. Py

aters have been few.
ns of phytoplankton
correlated the chan-
oplankton of inshore

In the present study the total biomass and totaj

the plankton collections were estimated during the dj TeramyC matter in

fferent months,

Material and Methods

Plankton collections were made with a tow-n :
with 29 meshes per linear centimeter and one me‘creet irr1n ?edrfgaf Orgam'ile
a diameter of 40.4 cm. at the mouth and tapering at its lower ?am(il o
narrow band of thick cloth, 6 cm. in diameter for the attachmerrllt t(i)' y
bottl.e. Collections were made under identical conditions twice a w0 ka
Durmg January, February, and early part of March 1954. tri-w e]il'
gollectlons _were made. The collected plankton wag reé rved ee.tfl
5% formalin and then filtered through a Buchner funnel ugin A “;11
filter paper (Whatman No. 42). The plankton residue was ﬁnglil e
w1t}1 distilled vyatel‘* and then desiccated for two to thr ady washed
residue was dried in an open air bath at 90°C. and w ee days. The
peatedly aft_er drymg,. till successive weights were fis V(;’el_ghed.re-
After deducting the weight of the filter paper, the Constarlllél dr;d?g;?llé

is obtained, and this stands for the bi i
(1934) this gives a truer picture of bion:;snslflss' According to Bogorov

For determining the organic matt i ankton was in
‘ i er th p inci
ierated in a weighed crucible and the agh vfeigfxfcivasl dette?rminzfl 1’[‘(}?-
. The

differenice between the ash weight
the total otennts wetter ght and the constant dry weight gives

Owing to the difficulty of accura
water filtered through the net, the vafﬁl
total organic matter in the present stud

y determining the volum

e of
es for both total biomagg ar?d
y are expressed per 600 mi. of
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the ‘settling volume of the plankton mnet-catches’. These values give
an idea of the relative changes in the total biomas and total organic

matter.

Along with these estimations of total biomass and total organic
matter, hydrological data like temperature, salinity, oxygen content,
phosphate content etc., were collected during July 1953 to June 1954,
with an interruption during October and November when there were
heavy rains and floods.

Results

Tables I and 11, and the graphs represent the data collected during
the investigation. The total biomass and total organic matter at high
tide as well as low tide show a marked seasonal variation. During July,
August and September, the values for total biomass at high tide are
pelow 0.4500 gms. per 600 ml. of plankton concentrate, and for total
organic matter below 0.2500. From December to February there is a
gradual increase, and in March there is a rapid rise. This is followed
by a fall in April, and during May the values rise to a maximum and
thus a major peak is observed during this month. In Junc there is an
abrupt fall. The variations at low tide also follow the same general

plan.
Discussion

The total biomass, as stated above, has two peaks, a minor one in
March and a major one in May. It will be seen from the graphs that
the peak in March is higher at high tide than at low tide, and the rise
from December is also more steep. This is due to the great influx of
marine organisms at high tide, which in this month include large swarms
of pteropods. The peak for total biomass in May is practically the
same at high tide as at low tide.

With regard to the total organic matter also the peak at high tide
in March is higher than that at low tide. This again is due to the
influx of pteropod swarms observed at high tide during this month. At
low tide the swarms drift into the sea.

The biomass and organic matter have parallel major peaks both at
high tide and low tide. The peak for organic matter is slightly higher
at low tide than at high tide. From this the following inferences can
be drawn:—1. During May there is a constant plankton population in
the marine zone of the estuary, idependent of the influx of the neritic
plankton at high tide, and (2) that its density is higher at low tide re-
sulting in a greater settlement volume of the plankton net-catch. This
will be explained later on.

The state of affairs is different in other months. There is a marked

difference during March between the biomass peak and the organic
matter peak which is greater at low tide. The difference at high tide is



186 JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA  [Vol. 9, No. 2

due to the fact that in the total
carecus shells of the
weight. But in total
fore no close correspo

dry weight of the plankton the cal-
pteropod swarms account for g good deal of the

organic matter this is excluded and there is there-
ndence between biomass and organic matter.

These conclusions find support in the datg relating to plankton
counts made with the plankton micr

0scope, and shown in Table II.
From the table the following points may be noted.

HIGH TIDE LOW Tipe
O——5 TOTAL  BiOMasy
O - .0 'TOTAL ORGANIK wATTER }g"'s'/wo mi.
b p PHOSPMHATE mg./m’

2.5¢ 5

gmsfe00 mh.
w (o]
° Y]

mg. /m’

°
e

0513

JAuSvO,N.DJAFM.AMJ. .
* ™ ess 1954 - A.,,§”O. MO FMAMy

1954

Fig. 1. Graph showing the

scasonal changes in the biomass and
plankton net catches and  pho

i ) organic maner of (he
sphate content of water during July

1953 1o Junc igg4.
1. In March there is a ver

y large number of bteropods at high
tide and about a tenth of the swa

rm evidently lingers at low tide.

2. The phytoplankton is greater

at low tide than at high tide.  This means that there is an endemic
phytoplankton population in the estuary which becomes less concen-
trated at high tide. The increase at low tide is not due merely to the
addition of the residual high water plankton that might be left behind;

tor, a reference to table II will show that the zooplankton at low tide
is considerably lower than at high tide. It is only the phytoplankton
that shows a remarkable increase at low tide.

(about one and a half times)

3. The phytoplankton bloom in the estuary is seen in May, and
the ‘settling volume’ of phytoplankton in the net catch is therefore
much greater at low tide.  Further, during this month copepods and
other crustaceans are faily abundant even at low tide in the estuary
while pteropods are entirely lacking. Hence the peak of organic matter

7
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i i i ide when the influx of
¢ ; tide is slightly higher than that at .hlgh ti .
:galoxagésepl:osggly Iizssens the concentration of the population of the
phytoplankton in the estuary.

iati i te content In relation to the total
The variations in the phosp.ha relation to the tofal
i represented in the graphs. tice :
Ozgﬁp:f‘ I‘c?giti%exeis apn inverse relationship between th.e vatrla'gpns 1;;
ah 1i,hate content and total organic matter. The rela‘mqn ott 11(3112;1%
i OS(?t of much importance, as it is only the .total organic ma elation_
:'Sour;lts in a discussion of the organic productlon.hénallsré‘/s::g (I;te)served
s:,hip between phosphate content 2}11n<(11 ph};ts;)fg;mkg?xes?ihgators e observed
i ‘ine zone (Seshadri, . : : . :
ol o mft?}(l3 n\:vaolrllrzie }fz(l)v: observed similar relationships (Atkins, iggg,
re’(:);m{llsllo'ndeOrr 1927; Harvey et. al., 1935, Braaru_d and gflrsa}; ex:
e 104t and 1047 and Prasad, 1956). Riley (1 k)f%i o
Rll;?r{éd that,; the total amount of plankton prtgsent ?ttﬁhe rffti iegts s
P initi tration o e .
¥ to the initial concen .
correspond: i?\:zzktlggatg)ns high phosphate values were observedt }fxt hxgz
the D ein April (7.7 mg./m.’) and these may be related tq e pe'?h
Fldio(ti:flgi%mazs and total organic matter during the succeeding month,
in ¢
that is, May.

But at low tide this inverse correspon;i(;snce getvr:fnhizl;lost?(};:t:e:%?;
anic matter does not hold good. . '
fent an((li tr;g??l;t?er%n the marine zone and the relat_lonshlp o‘b‘s‘e}zl'vegtb.eté
e o hate content and total organic matter is that w'hlc obtain
o I’)?i(():sgvaiors But at low tide the estuarine hydrological features
in nerl ors.

predominate.

g i f the estuary
i hosphate content of the marine zone o
(S 5;33565132551’1;3%8 sphown that there is ar{ )apprdec&bie a?cml(())lvlvnttigz
S ’ ’ f silt) and tha
interstiti hate (23.7 m. gm./gm. o ) b at
mtels}txltsfalhaligosgntent of the waters of.the marine zone 1s /hx%};efr (1:05.
g?iiiﬁgopgbruary 24th the low tide rgadlfcl_% shzvgs 152.8550 lrrnngg// rf:‘) ’lghese
hile on 25th, at high ide it 1s 5. . .
Fh%?yegogf);r;trerﬁly affect the relationship between phosphate content
ea

and organic matter. |
the study of the total biomass and total organic 1Irtlat’cer fheg)l:
Thll;fssis of neritic and estuarine elements of the plankton o
n analys
?rlnarine sone of the estuary.

Summary

i organic matter in the ‘s.etﬂing

1. The tOtild k1):1?(:?1&flset—a(f:l(tichte(a)st’alshowgtidal and seasonal varlatlon_s.

yolume of the planis of these variations has shown that the plankton1 in

2. An ana y,(s)nsiderable endemic phytoplankton element at ovxtr~

this Zonzthisigi %ide the neritic fauna is brought in by the influx o
tide.

neritic waters.
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3. The total biomass shows g minor ;
peak in _ng at high tide as well ag at 1o€fili‘dén I\%fll”ch a‘nd' a major
shows similarly two peaks at high tide, but the -l € organic matter
major peak. ow tide has only the

4. The biomass and organic mattep
but at low tide the correspondence doe; ﬁﬁ:ksxiasie barallel at high tide
dug to the d_lsappea.rance at low tide of most of ,t}in March.
which come in at high tide. ' e pteroped swarms

5. The major peak for organic matter
This is due to an endemic phytoplankton
which has a greater density at low tide
is the influx of sea water the ‘settling ’
the net-catch’ is less dense.

Is slightly high at | i

t ow tide.
bpopulatgon in the estuary
vohut at high tide whey there
ime of the phytoplankton in

6. The variations in the

h
tide are discussed in relation tp (ophate content at low tide and high

o L :
the variations in the organic matter.
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TABLE 1—Monthly Mean data of Total Biomass, Total Organic Matier and Phosphate content 1953-1954.

High tide

Jan. Feb. March April May June

August  Sep. Dec.

July

Phosphate content

849 3-45 770 500 5'50

12:96

—

mg./m?®

Total biomass

02817

2-5366%

02878

1:6320*

04223 05312

0-2963

0444 0-4787 03131

gms./600 ml.

Total organic matter

0:1882

2:2835%

01335

0-5906*

0-2542 03223

04:1769

0:1820

2-380 0-2883

gms./600 m).

Low tide

Phosphate content

550

14-14 700 840 10-00

24-85

mg./m"

Total biomass

0-2914

2-5894*

0-3630

0-9479%

0-3968 04139

0-3723

04-602

gms./600 ml. 04792

Total organic matter

0:2599  0-1872 0-2306 2°4779* 0-0815

0-2281

—

gms./600 ml. 02250 02675 0-1635

* YValues showing the peak.



June
20,327
29,507
4,193
35,422
3,502
5,960
2,913
10,359

8,370

1,750
11,395
1,400
1,180
3,685

May

5,540
2,630
73
10,228
4,080
3.980
9,361

April
452,295 2,925,865*

1,124,340 4,100,640%

Values at peak.

March
98,096*
12,940
1,606
34,857+
56,549
149,600*
2,860
270
3,800*
7,810

*

Feb.
22,096
2,694
639
29,841
7,720
2,060
1,467
10,354

Jan.
24,693
3,229
107
31,777
29,274 47,353
13,130
707
15,075

High tide
Low tide

34,340
1,580
37,311

Dec.

© 39,250 171,731 106,490

15

1,670
16,384
4,242
25,9217
13,350
6,610

Sep.

5,326
20,589
1,120
60
27,352
13,770
3,093

18,550 24,961

TABLE 2—Monthly Mean data of plankton counts 1953-1954.
August

July
9,140
11,987
4,280
17,036
3,200
6,760
760
7,920

Phytoplankton

Copepods

Other crustaceans
Pteropods

Total Zooplankton
Phytoplankton
Copepods

Other crustaceans
Total Zooplankton

Pteropods
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Introduction

Thanatosis (or death-feigning) is well dev
particularly in insects. An immovable posture
mals when feigning death. In the present pape
has been made on the death-feigning of an a
vulgare (Laterille).

e!oped in many animals
18 assumed by the ani-
I an experimental study
rthropod, Armadillidium

Material and Methods

Specimens of the land crustacean Arwmadilli
were collected from the fields and kept at room
topped square glass jar containing some earth
wood. The earth and the pieces of wood wer

dium vulgare (Latreille)
temperature in a muslin-
and }vet Pieces of rotten
€ maintained moist.

The effect of the stimuli caused by the follow

X _ , ! ing materials in -
ing thanatosis was investigated. evok

I.  Air—A hollow glass rod drawn in

to a fine poin
for blowing air. boint was used

II. Cotton—A little cotton was wrapped and tig
of a glass rod, which was pointed at the end in orde
application to a particular region of the body.

htened at the end
r to facilitate the

III. Brush—A camel hair brush

: ; pointe i
some side hairs. d at the end by remoying

1V. Thread—A piece of thread a bit thi
) ick, w
the end of a rod and was glued at the f L
a little hard. ¢ lree end in o

as tightened at
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V. Pencil—The flat end of the pencil was used for evoking
thanatosis in wood lice. This was the hardest source of stimulus em-
ployed.

In order to study the effect of Ultra-violet light a mercury discharge
lamp was used as the source of the light.

The experimental crustaceans were allowed individually to remain
undisturbed for a reasonable time before determining the duration of
thanatosis, as handling the specimens before applying a stimulus makes
them exicited and unresponsive to the stimulus. Also as the behaviour
of the wood lice varies with humidity and as they cannot stand low
humidity. the following method was adopted in order to keep them sepa-
rately and provide them with 1009 humidity and other natural condi-
tions during the experimental period.

Round tin boxes were used each containing five 7 cms. Whatman
filter papers spread on a circular perforated zinc plate having the same
diameter as the inside of the box and resting on three petridishes filled
with water. The specimens were allowed to move separately in these
boxes, for 24 hours on the filter papers covered by muslin-topped metal
rings to avoid the pre-handiing effect. In order to facilitate observations
the filter papers with the specimens were kept about 2 inches below
ithe mouth of the box by placing the petri dishes on a hard cardboard
disc placed on three rubber stoppers. Some moist earth and a piece of
rotten wood, which had been previously soaked in water for a number
of hours, were placed on the filter papers. To maintain a sufficiently
high humidity the box was covered by glass plate with two holes for
ventilation. The specimens were then thrown into the state of thana-
tosis by exercising a slight pressure with the flat end of the pencil on
the ventral side of the body and the duration of thanatosis state was
recorded. The time of termination of thanatosis was noted at the mo-
ment when unrolling oceurred. Filter papers were kept moist through-
out the experimental period.

While studying the effeet of light illumination, a device was needed
to prevent the heat of the bulb reaching the experimental animals. For
this reasor the special apparatus and the experimental method followed
previously (Saxena 1956) were used with the following modifications:

The wood lice, while still in the tin boxes confined individually with-
in the funnels, were exposed to illumination. The conditioning was
done by keeping the boxes in the dark for 24 hours. The pieces of
wood were removed before subjecting the wood lice to light, so as to
prevent their hiding under the wood, and the earth provided was in
very small quantity so that they were not able to bury themselves in
order to escape from light. As the mercury discharge lamp does not
radiate much heat, the lamp was placed above the experimental wooden
box completely covering the circular hole of the box. While working
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with long exposures, the cold water of the troug
vals, depending on the light intensity in order to
The illuminations were measured by g commerec
foot lamberts.

h was'changed at inter-
keep it sufficiently cop).
lal photometer in Log,

To ascertain the age, the specimens collected about twg monthg
were used for experiments. All the eXperiments wepe ;
constant temperature except the one in which the effect of various te
peratures was studied. The durationg of thanatogig in all (th o o
ments were transformed by the square root transformation nft%Xher.l‘
order to make the distribution of datg more nearly normal ar?d (SJS }crol

make the variance in any group of observationg independent of th
mean. The mean transformed durations of large number‘of Speci N
were plotted on the graph. Specimens

Experimental Results and Discussion
[. A General Study of Thanatosis,

(1) Induction of thanatosis.

A light pressure on the \:entral side and gq
height of 2 or 3 inches wi}l bring about thig motionlesg L
the characteristic rpll-up Into a ball-like shape. Ome ?Sitiii?ind]mduce
found very susceptible even to the lightest toych on their bu?i's e
slight pressure by the flat end of a pencil op the ventyq) sid Oh o A
used for inducing thanatosis in the Present work, € has been

ago
performed at

Mmetimes 5 fall from a

(ii) Posture during death-feigning.

The posture assumed by Armadillidiym vul
ball is quite unlike that of the insects. After
the anterior and posterior ends gradua]
Antennae tightly pressing against the heaq
the convexity formed by the pereion and ple
also begin contracting and by the time ¢t
gradually moving anterior and bosterior eng
the animal assumes a ball-like shape. Iy r
into a hall-like shape, probably due to ap in
been observed.

gare in

and gradually maving j
on. Slmultaneously the leg
hey ompletely fold in, the
S JoIn with eac ‘ '
are cases, incom

blet ing
complete thanatI cte rolling

0sis has alsq
(iil) Termination of thanatosis.

A gradual termination has been observed iy , )
hegins with slow unrolling of the hody. The ante;‘}r-laevilgéme which
simultanecusly get into motion and peep gyt of the follow] nd the legs
during the process of unrolling, ng convexity

(iv)  Apparent insensibility to Pwin while iy, the death-feint

While in thanatosis state the crustaceans dg not sh }
of pain, even if they are pricked by the heedle, De él:):va?ny symptom
this observation. SO Supported
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(v) Thanatosis tn response to various stimuli.

50 specimens taken from a collection were d%vi.ded into 5 batches of
10 each. The vperiod of thanatosis of the ind1v1dua}s of' th‘e batches
A B, C, D, and E was determined by applying the stl@uh, air, cotton,
br,ush. thread and pencii respectively on the ventral side. The 'results
reveai' that there is an increase in response with softer to harde‘r st}multls.
The maximum response of 9.23 sec. received was to the pencil stimulus,
the hardest in the serics, and there was no response to air stimulus.
These observations suggest that there is a relation between the l.er}gth
of the period of thanatosis and the intensity of stimulus. The po§s1b111ty
of this correlation has also been pointed out by Weiss (1947), (Fig I).

-

~

RESPONSE IN SECONDS

ME AN

1

AIR COTTON BRUSH THREAD PENCIL

VARIOUS  STIiMuL!

Fig. 1 - Effect of various stimuli.
(vi) Effect of continnous application of the stimulvs on thanatosis.

If the wood lice is compelled to repeat the performance of death-
ioning, a gradual decrease in the length of the period of thanatosis is
feigning, Ten wood lice collected from the field were allowed to lead a
observe(]i: for 24 hours within the rings. Each specimen was subjected
normal .1f'e.’, Oof applications of the stimulus (pencil) until it failed to
to the series is or showed it for a very short period. Fifteen applica-
show th'anatOSI‘St.mulus were required, when the majority of specimens
tions of t.he 8 ;‘i v 2). A gradual fall in the response with the inerease
failed to feign (Of&applications has been cbserved. The fall was of 8
in thz numf;:h application of the stimulus. The wood lice were in an
seconds on
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When in this state they cannot be induceq to exhibit thanatogi
atosis.

stage, which was also observed by Kozanshikov This

(1931) while working op

RESPONSE (N SECONDS

PEAN

NO OF APPLICATIONS

OF  STimuiyg

Fia 2. ErrecT  of ConTivuous ApsLicarions of STinuLys

Lochmaea capreae L., may be because of the fatigue stag
g Sl e

e . . . rea
the specimens after a number of applications ached by

. FEffect of Physical Factors.
(1) Duration of thanatosis as affected by light ihminatio
! i ns.

Light exposures also affect the death-feigning peq
The experiments were designed to study the effec
lluminations, different exposures of the same light
effect of Ultra-violet light.

bonse ol wooqd lice.
t of different light
1]1umination, and the

Effect of different light illnminations.

3 batches of 10 wood lice each, were subjected to 3 different, illym;
tions of 0.65, 1.2, and 1.4 Log-Foot Lamberts ang the regyy ‘Umma»
recorded, which shows that the duration of thanatosis of 10 4‘ Isemw
exposure to an illumination at 0.65 Log-Foot Lam .fall cond
seconds at the exposure of 1.4 Log. Ft. Lambs, ‘ s to
the period of thanatosis is inversely proportiona]
Similar results were obtained by Holmes (19
Ranatra. Under a high intensity of light most of the gy
not show death-feigning at all. This may Pecimen
by the light stimulation (Fig. 3).

was
S on
. ' 3.98

ence it appears that

to the light intensity.
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ig, 3 - Effect of different light illuminations.

Effect of different exposures of light illuminations.

In this case again the steady fall in the duration of thanatosis was
observed on increasing the time of exposure to light of the same inten-
sity. 10 wood lice showed a period of 8.68 seconds on their exposure
for two hours to an illumination of 0.7 Log. Ft. Lamb. against the
period of 3.52 seconds on an exposure for 6 hours to the same light

intensity (Fig. 4).

MEAN _[RESPONSE IN SECONDS

2 4 6
EXPOSURE TIME IN HOURS

Fig. 4 - Effect of different exposures
of constapt 1Humingtions

Effect of Ultra-violet light.

Wood lice appear to be sensitive to Ultra-violet light.
duration of thanatosis was recorded on exposing 30 wood lice, divided
into 3 equal batchesv, to Ultra-violet light for 1, 2, and 4, hours. It was

A fall in the
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also observed that the longer exposures excite the wood lice much more
than the shorter ones, as the duration of thanatosis of 7.9 seconds at
1 hour exposure falls to 2.8 seconds at 4 hours exposure. This result is
in accordance with several scientists (Luz & Ritchmyer 1922, Bertholg
1931-32, Hess 1920b, Peterson & Haeussler 1928), who demonstrated the
sensitivity of some arthropods to Ultra-violet light. (Fig. 5).

o

RESPONSE IN $SECONDS

MEAN

—
1 2 3 s

EXPOSURE PERIOD IN HOURS

Fig. 5 - Effect of Ulftrg-viol i
. et light ot
different exposures &

(ii)  Duration of thanatosis as affected by temperature.

The results of the various experiments performed with A. vulgare
show that the duration of thanatosis diminishes with increase in the
temperature. The periods of thanatosis recorded at the temperatures of
15°C, 20°C, and 25°C were 24.2, 892, and 6.12 seconds respectively.
This finding agrees with the results obtained by Holmes (1906). A.
vilgare showed nervous excitability at high temperature while they were
inactive at low temperature (Fig. 6).
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Fia.6, Thanatosis at DIFFERENT TEMPERATURES
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Death-feigning, which is widely common among animals specially
among arthropods, has not yet been clearly understood and requires a
detailed investigation. The work may be pursued to study what part
of the nervous system is connected with this response of the animals, and
what role the sensitivity of the different parts of the body play.

Summary

Thanatosis may be induced in A. vulgare by applying a hard sti-
mulus like the flat end of pencil. The animal rolls up into the shape of
a ball and lies motionless during thanatosis. The termination of
thanatosis is gradual beginning with the slow unrolling of body.

There exists a relation between the intensity of the stimulus and
the duration of death-feigning.

By compelling the wood louse to feign death continously, a fatigue
stage is reached, when it does not respond in the normal way.

A decrease in the duration of thanatosis and the excitement among
specimens of A. Vulgare, result on their exposure to brighter illumina-
tion or wheun they are exposed for longer periods to the same illumination.

Armadillidium vulgare is sensitive to Ultra-violet light.

Temperature affects the duration of thanatosis which decreases at
high temperatures.
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On Some Abnormal Sharks Preserved at the Marine
Biological Station, West Hill*

BY M. D. MENON

While going through the various collections of fishes at the museum
of the Marine Biological Station, West Hill, an opportunity was availa-
ble to examine four interesting and abnormal specimens of sharks
amongst them. A fifth specimen was given to me by Sri U. Sundar Kini,
Oil Chemist, Government Shark Liver Qil Factory, Kozhikode. These five
interesting abnormalities are described in this paper. One of these has

already been recorded by me in 1945 and a popular note on it was
published then.(1)

The five specimens recorded are the following:—

1. Double monster of the shark—Scoliodon palasorrah (C).

2. Double monster of the shark—Carcharhinus temmincki
(M.H.)

3. The split headed monster of Carcharhinus menisorrah (M.H.)
4. Pug snouted fused eyed Hypoprion macloti (M.H.)

5  Thumb snouted Albino of the shark Carcharhinus dussumieri
(M.H.)

I. Double monster of Scoliodon palassorah—Fig. 1

The specimen was secured from the womb of one specimen of
Scoliodon palasorrah measuring 3’9" in length along with four other
normal embryos on 12th October 1945.

External features. The monster measures 245 mm. It appears to
be the union of two equal embroys. The two members are united just
at the region of the 5th gill cleft. There are five gill clefts for each
head on its outer side whereas on the inner edge where the 2 heads
have uniled, there are only 4 separate gill clefts on each head
o l* Pul)lishcd with the kind permission of the Dircctor of Fisheries, 'l‘ri\'u.l;dr}xﬁ). K;!;élil

ate.
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Fig. 1, Double monster of Scoliodon palasorrah.

Fig, 2. Doublc monster of Carcharinus temmincki.

Fig. 3a. Split headed monster of Carcharhinus menisorrah-Dorsal view,
Fig. gb. Split headed monster of Carcharhinus menisorrah-Ventral view,



Dec. 1957] MENON : ON SOME ABNORMAL SHARKS 201

the 5th gill cleft being common to both. The monster has two distinct
and separate anterior dorsal fins and two posterior dorsals of similar size
and shape. There are only one pair each of the pectorals and ventrals.
The anal also is not doubled. The caudal is single but there are two
ridges on its dorsal side. Only a single placental chord was present
entering between the pectorals. It would thus appear that the two mem-
bers of the union maintained their separate individuality dorsally in the
external features whereas ventrally the union seems to have been com-
plete. All the external features of the head are normal, each head
having the usual characters in normal shape and position. In the X-ray
photograph of this specimen it is seen that both the individuals are
having scparate vertebral columns until just before the caudal pit where
they coulesce together. As the monster is viewed with the dorsal aspect
of the heads facing the viewer, it is seen that the head of the left
partner is united with the right partner at an angle of 40°. From the
cranium of the left partner the vertebral column runs down at the
same angle towards the vertebral column of the right partner. But at
about the level of the pectoral fins these two vertebral columns run
straight down parallely until the caudal pit where they fuse together and

form one caudal portion of the column.

Internal organs—IFig. 4. The internal viscera show the following
peculiarities. There are two stomachs each lying on either side of the
body cavity. The stomach of the left partner (i.e., when viewed from
above) is slightly larger than that of the right partner. The duodenum
of the two stomachs open into a common median intestine. The duo-
denum of the right partner opens on the dorsal aspeet of the intestine
while that of the left partner opens on the ventral aspect. The median
intestine passes into a rectum. There is only a single anal opening.
The liver is paired, i.e., there are 4 lobes of the liver. The right lobe
of the rigut liver mass and the left lobe of the left one are long and
narrow, whereas the left lobe of the right one and the right lobe of the
left one are very small and lie close to each other. The right lobe of
the right liver mass is larger than the left lobe of the left one. The
gall bladder is single and it is embedded in the left lobe of the left
mass. The spleen and pancreas are duplicated and lie in the respective
duodenal lobes. The right pancreas is slightly smaller in size than the
left one. There are two bile ducts. The right one opens behind the
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junction of the right duodenum and the intestine,

at the front end of the intestine. There are 2 heart
adjacent to each other in one pericarida) c

The yolk sac opens
S, each one situated
avity, but separated by a

big, 4. Showing diagrammatically the alimentary cang; SyStem of the double  monster
Scoliodon  palasorrah St.— Stomach; I Intesiine; P.-Pancreas; 5P Spleen; Y.-Opening  of
the internal yolk sac. ;

Fig. 5. Hand section ol the double monster
spinal cords, C.-Centra,

Vig. 6. l)iag;-annna_tig section across the body of
to show the Disposition of the fins DY First” dor

across hody just behind sceond dorsal, S

the double monste
sal fin; D2, Second
Fig. 5. Vennal view of the head of Hypoprion maclot M.y
-ornea.

Y Carcharhinus lemmincki
dorsal fin; A.-Anal,

to show the fusion of the
lig. 8. Diagrammatic representation of the ranjum of Hypoprioy
X-ray photograph. 0.C., Olfactory Gapsule, V G, y

Fig. 9. Ventral view of the head protion of ¢
fusion of the eyes and the location of the nasal

' Tron anac gt reconstrueted from
V entro-mediym cartilage,

archarhjnys dussumier; M.y showing the
dperture. N A Nasal aperatyye,

thin septum. The posterior walls of the chambers gre cartilaginous.
In the arterial system the variations  g4ye only thoge consequent
to the presence of 2 stomachs, 2 liver masses, 2 pancreas and 2 spleens.
The two dorsal aorate join together in the middle of the abdomina] cavity
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ec.

i 3 : . The urinogenital

; v sterior the region of the pectoral fins . |

Shgthﬂ' jé)or:g:r(lﬁxlplggated. There is only one set of these and it follows
system 1is !

the usual type.

A hand section across the tail slightly b(Iehir}d the %%stfri%r (22:'(;

. iagrammatically in Fig. 5. t is seen tha e
s i)zrsshizsgir?l?}%eir identities as far as the centrum, spinal cord and
mem

Fig. 10, Showing the disposition  of the
vcr(et;ral columns of  the double monster
Scoliodon palasorrah.

i hese takes place
m . ncerned.  The actual union of t . _
hﬁehtﬁ; afrl'lcr};iseral;fo;% at the limit of the caudal pit as is seen in the
slig

X-ray photograph. (Fig. 10).

i f two embryos. But
ter thus appears to be the union o
. Thehmgﬁz e(;escribed by Ford (1930) th;e twp embryos appear tg 5);
unhlfe f e] similar nature. The identity is 'Stlll further expresse
?}f hri{oerrig; nature of the general pigmentation.
e

2. Double monster of Carcharhinus temmincki—Fig. 2.

. ; rmed of the fusion of two partners
This_ Sb ?mme:e Z%pfggsnffn.b :nfc;) the other of 120 mm. When viewed
unequal in size, 0 heads away from the viewer the right partner is the
dorsally with t%f, snout of the left partner is normal. That of the
smaller one. (;Iight]y curved to the right creating a puggy nature
right partner 15 is slightly to the right of the median line. The eyes,
and the snout 1aﬁ)nd mouths are normal. Externally the fusion seems
nas;xl ap%f_f;;reientrolatera”y at the level of the pectoral. The bigger
to have
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-t has 5 gill clefts on either side. The sr‘r‘laller right part-
teft partuer 4 gill clefts on either side. Again the bigger left partner
her’ has Onlbi Is gthe right pectoral being very much reduced in size and
has 2 puctors b"unction of the two heads. The right partner has only
placed at thet; right one, well developed and similar in size and shape
one pectoral, te~ 1 0f~ the left partner. Each partner has the first and
as the left pec gli‘ The ventrals are only one pair for the monster.
Second'dorsa} nc'anal fin. Posterior to the fusion of the 2 heads the
There is only on?t r is fairly triangular in cross section. In Fig. 6 the
S(.)dy oiiii:eol;flz;:: iarious ﬁr;s are diagrammatically represented.

ispos ,

I presents a peculiar condition. [t appears to bhe that

“he Ca?d‘a ‘ifrht partner with the characteristic upper and lower
of the smaé hel ]sz side of the upper lobe of this caudal ther
1?1)'65'/; ?thlh leilgth with a small fringe on it. This appears to
f(())}l)elosf the caudal of the left partner.

e is a ridge
be the upper

Inteirnal viscera. The alimentary- canal .of thi§ monst,
imilar condition to that in the spec1.men of Seoliodon
5~‘f“ lier. The stomach of this right partner w
C“}ifi fjflt pa‘rtner. The duodenum of the left part
zi the aﬁterior end of the intestine

€Y presented a
palasom'ah,, des-
as smaller than that

Ner opened ventrally
and the duodenum of the right

/ Fig, 11 Showing (he (i
vertebrat columns of the
o Carcharkinys temamingl;

position the
double Monster

partner on the dorsal aspect. The in‘?estine has a
All the digestive glands like pancreas, liver ang splee
i mass of the right partner is very much reduce
hveﬁl than the livermass of the right partner.

.S:r:l; tii tw:) dorsal aorate join together just at the

normal spiral valye,
nare duplicated. The
d in size ang is much
There are two hearts
region of the pectoral

l. 9, No. 2
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Fig. 12.

Fig. 13

i i he full specimen.
snouted Hypoprion macloti-Ventral view of the ! 5 AT
Fig, 12. Pug sno d Hypoprion macloti-ventral view of the po
i Pug snoute:
Fig. 18.
thz, fusion of the eyes.
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fins. In Fig. 11 a diagrammatic representation of the disposition of the
vertebral columns of the specimen is given. This has been taken from
the X-ray photograph of the specimen. It can be seen that the vertebral
column of the right specimen bends towards the vertebral column of the
left partner and almost fuses with it. Bt from this position it diverges
slightly away and runs down in slight convolutions and fuses with the
vertebral column of the partner just behind the region of the second
dorsal fins.

3. Split headed monster of Carcharhinus menisorrah Figs 3a.
and 3D,

This is a 290 mm. Jong specimen coiled around at the post-anal
region. The specimen was given to me by Sri U. Sundar Kini, Oil
Chemist, Government Shark Liver Oil Factory, Kizhikode, from the
small collection of sharks that are displayed at the Factory. No data
on the parent of the specimen or on the date and place of capture, ete.,
are availuble. The specimen is a very interesting one in that unlike
the two described above, this appears to be more a case of cephalic
fission than that of post cephalic fission. Actually the two heads are
not separate and distinct as is in the previous cases. The mouth, the
eyes and the nasal aperture are all duplicated. It appears to be rather
a case of incomplete halving of the cephalic region, all the characteristics
duplicating but the two halves remaining fused. The left eye of the
left half and the right eye of the right half are normal in shape and
position and are situted on either sides of the ‘“combined” head. The
right eye of the left half and the left eye of the right half are pulled
down ventrally on either side of the medioventral line of the combined
head. The right nasal aperture of the right half and the left nasal
aperture of the left half of the head are normal in nature and disposi-
tion. The right nasal aperture of the left half and the left nasal aper-
ture of the right half are normal in shape but are placed in a ventrola-
teral position on the head. The head in a cross section presents a
rhomboidal shape, with the broad end dorsally. The mouths are sepa-
rate. The upper jaw in each half is placed ventrolaterally. But the
lower jaw is pulled down ventrally and at right angles to the upper
jaw and the lower jaws appear as two protuberant humps placed on
either side of the medioventral line.
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The dorsal fins, ventral fins, pectorals, pelvics and the anal are all
normal in shape and disposition as in the case of a single individual.
The gill clefts also are only 5 in number on either side of the speci-
men. The two lobes of the caudal fin are separate and quite distinct.
The caudal ends in the upper lobe. The lower lobe is situated in the
loop of the coil of the tail portion and is very curved.

Internal viscera. The two mouths open into one and the same
huccal cavity. There is a single pharynx and from there onwards the
alimentary canal has the characteristics of a single individual. The
heart also is single and there is only a single dorsal aorta.

4. Pug suouted Hypoprion macloti (M.H.)—Figs. 12 and 13.

This specimen is a female 230 mm. long. It was secured on
9_11—1948 from the womb of its mother which was 2" 10” long. This
monster has its snout very much shortened. The two eyes are displaced

and are situated midventrally just in tront of the mouth. The two eyes
are fused together to form the monstrosity.

External characters. The colour of the formalin preserved speci-

men is greyish in the upper half of the body and dull pinkish in the
Jower half. The caudal has black posterior and lower edges. The first
dorsal shows a slightly blackish edge.  All the other fins have a light
edge. In the disposition and nature of fins the specimen exhibits all
the type characteristics except the complete absence of the anal.

The preoral portion of the head is very much shortened and curved
above the eyes forming a small hump, and it stops in a point just in
front and above the fusion of the eyes.

The cye. The eyes are fused together forming one big eye ball.
The fused eye is located ventrally beneath the cervical hump and just
in front of the mouth above the upper jaw. There are 2 separate
pupils in the middle of two cornea. Though the cornea appears separate,
they too are fused in the middle (vide Fig. 7). Normally the iris, in
the type is strongly pigmented. But in this monster specimen it is

completely without any pigment and is whitish in colour. There is only
one long nictitating membrane.

In the X-ray photograph it is noticed that the cranium is bent at
its anterior end. The olfactory capsules are very much reduced and
almost negligible. The dorsolateral cartilages are bent and very
disproportionately reduced. The ventre-median cartilage is also shor-
tened and runs almost straight down (vide Fig. 8).

Fi The Thumb snouted albino of Carcharliinus dussinieri Ventral view  of  the
g, 4 d )
full specimen, . o .

The Thumb souted  albino  of Carcharlinus  dussmitei veatral view of the
rig. 15 ¢ k

head portion of the cyes.
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There is no difference from the type in the internal viscera. 1t
appears that this malformation is probably the result of undue
compression of the anterior end of the embryo in the uterus bending
down the region. As a result of this undue compression the develop-
ing eyes got squeezed under the hump and got fused together.

5. Thumb snouted albino of Carcharhinns dussumieri. Figs. 14
and 15.

As in the case of the previous specimen here also the eyes are dis-
placed. They are situated ventrally just in front of the mouth and
opposed to each other. But unlike the previous specimen the two eye
balls are separate and they fuse on their sides over a small area only.
The cornea and the pupils are all separate. Both the eyes are without
pigments in the major portion. Only the pupil is edged black. The
nictitating membrane is single but has a deep notch in the middle of
its edge. The snout is prolonged above the eye and is thumb shaped.
It is a bit spongy to the touch. The nasal apertures are minute and
are situated anteroposteriorly at either ends of a small longitudinal
line beneath the spongy snout, nearer to its tip than to the eyes (vide
Fig. 9). The internal viscera and other external features do not show
any departure from the type.

In the X-ray the cranium does not show any abnormalities.  Only
the dorsolateral cartilage of the rostrum shows a slight bent at its
beginning in keeping with the curve of the thumb like snout.
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Introduction

We do not have complete chronological accounts of the life his-
tories of most tropical fishes. Accounts of the food and feeding habits
of the earliest larval stages are fewer. Hence a full account of the
life history and feeding habits of this flat .ﬁsh (Cynoglossus lingua)
studied in the laboratory at Madras is herewith presented.

Material and Methods

i ich is of ¢ th Indian
fish, which is of market value all_along the Soq
(‘oasrtrh,lg.gsr(mfs to a length of 23.5 cm. and is !anded by using dzjedge
an/tQ ’ The material for the present study consgsted of 82 eggs picked
fl:O;l:l inshore plankton collections wmade during May and June of

1956.

Since in a tropical place like Madras the Laboratory tempera.ture
ranges as high as 28 C to 35 C., the layvae 'had to be 1'ear<;d in a
chamber 3 X 3" x 3 cooled by evaporatilon of vyatgr from thick wet
cotton covering it. By adjustment of a fan ventlllatmg the room, the
temperature was maintained fairly constant. Dishes ?ontammg t.he
larvae were left within the chamber and removed only for observ.atlon
and attention. 1t was found that the larvae of Cynoglossus lingua
throve bhest between 22 C and 25 C.

The larvae were fed with live organisms gathered from fresh plank-
ton hauls each day, and in a few cases cultures were maintained. To
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iliates’ : boiled and
inimi danger from ciliates’ attack, sea water was
;n;;mg:/seernggit iogregain the normal gaseous .content and was filtered
‘end aerated several times before use. Dls_hes and pipettes were
Zleaned chemically and stocked in bottles of distilled water.

The Eggs and Larvae

T were coliected at about 8-30 a.m. gnd had an average
diamét};er i)gfg?).QZ mm. They were perfectly spherical and transparent,
and a faint outline of the embryo could be made out. In the yolk,

;

ish oil gloubles were

i lear and unsegmented, about 20 yellgms . ;
X)T;g :rizxfgiz in such a way that more were in the pos!:erlor region
than in the anterior region (fig. i). About six hours later, i.e, at 2 p.m.
(fig. 2.) the embryo appeared more distinct and marked by a few black
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spo'ts. The eyes, a few myo.tomes, as well as a functional heart were
noticeahle. The constant wriggling of the embryo not only made the

egyg spin on its axis hut later burst the egg membrane and hatch the
embryo out of the egy.

The Newly Hatehed Larvae:—(Fig: 3).

All the 82 eggs were hatched into healthy pro-larvae, 2.2 m.m long.
They lay at the bottom of the glass containers with the yolk facing
downwards, and at even the slightest -disturbance they darted from
place to _p]ace. The oil gloubles occupied the ventral region of the yolk
over which the head was curved downward. The eyes were unpigment-
e}d. Blaqk bigment spots were noticed in the yolk mass as well as along
the margin of the dorsal and ventral fin folds. Yellow pigment cells
appeared around the hind rim of the eye. There were also two pat-
ches of yellow cells arranged on the lateral sides of the body in front
of the anus and two behind it. The anus was visible below the 12th
myotome. The auditory vesicle was situated in front of the 1st
myotome.

Larvee 18 Hovrs after Hatehing:—(Fig. 4).

By 9 a.m. next day three of the pro-larvae had died and the rest
measured 3.1 m.m. in length. The yolk appeared much reduced and
only a single large oil glouble was left occupying the posterior end of
the yolk sac. Yellow pigment cells were seen over the yolk sac and
over the eyes. Pigmentation of the rest of the body was the same as
in the previous stage.

Larvae 42 hours after Hatching:—(Fig. 5).

On the morning of the 3rd day after hatching all the 79 pro-larvae
aad survived. They were very active and had grown to a length of
3.3 m.m. The yellow chromatophores had increased in number and
covered the eye, though the iris still remained unpigmented. They
spread over the yolk sac wnich had shrunk in size, and obscured the oil
glouble.  The black pigment cells so conspicuous along the dorsal and
ventral fin folds in the previous stage, disappeared and were substituted
Ly yellow chromatophores. Nevertheless the larvae were transparent.
Fin-rays appeared in the caudal region and the ventral fin was formed.
The auditory vesicle was larger. There was no indication of the mouth
hut the anus had shifted forward to lie behind the 10th myotome.

The Post Larvae : Feeding Habits and Metamorphosis

Larvae 48 Hours after Hatching: —(Fig. 6).

In the afternoon of the 3rd day after hatching the yolk was com-
pletely absorbed and the pro-larvae became post-larvae. During this
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transition period nearly 8 pro-larve died. The remaining 71 larvae
had a length of 5.1 mm. The most distinguishing feature of the post-
larvae, namely the tentacle-like structure at the anterior end of the
dorsal fin fold, made its appearance as a small growth. The pigmenta-
tion and other features of the pro-larvae remained unchanged in the
post-larvae. However, the yellow chromatophores were replaced by red-
dish brown cells. Though the yolk was completely absorbed, the larvae
did not feed when several items of planktonic food were offered. The
causalties were therefore not due to the non-availability of tfood. Since
71 out of 79 larvae survived, the physico-chemical condition of the sea
water could not have been responsible. It is probable that the casuali-
ties were due to physiological defects of the individuals.

Larvae 72 Hours after Hatching:— (Fig. 7).

By the morning of the fourth day the post-larvae had grown to
5.3 mm. in length. The tentacle was soft and had grown in length and a
single ray was seen extending throughout its length. The eyes were
silvery while the iris was black. The mouth was well formed and
opened into the alimentary canal. The number of reddish brown cells
increased deepening the colouration of the dorsal and ventral find folds.
Black pigment cells appeared in the front part of the head. Except
for the appearence of fin rays in the dorsal fin and growth in size
of the body no other change was observed during the next 5 days.

As before, the post-larvae were supplied with copepod nauplii, adult
copepods, cirripede larvae, polychaete larvae, molluscan larvae, Tricho-
desmium sp., Nitzschia sp. and Coscinodiscus sp.  These post-larvae
which had not fed on any food so far, began to feed for the first time.
Their stomachs examined under 'ow power showed that the food con-
sisted of only copepod nauplii and diatoms, possibly because the larvae
which were only 5.3 mm. long could feed only on smaller-sized food.
Another batch of 30 larvae were left in a finger bowl containing fresh
unassorted plankton. After an hour the stomach contained only co-
pepod nauplii and diatoms. There was no change in the diet for the
next 5 days.

Larvae-10th Day after Hatching: —(Fig. 8).

All the 71 larvae had grown to a length of 6.8 mm. and had become
relatively wider and thinner. The dorsal and the anal! fins were con-
fluent with the caudal. The 1st three rays of tha dorsal fin were
markedly longer and the finger shaped process became now conspicuous
and slender. The myotomes could be made out only with difficulty since
the larvae had become less transparent and more pigmented. A third
row of reddish brown patches appeared along the middle regon in addi-
tion to the dorsal and ventral rows. There were also a few patches

on the head.
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Though the larvae had fed so
w.eg?l supplied with these as wellfa;sonlgdlﬁrtl C(é}())epoddnauplii,. they
ngz a, Puracalanus sp., Corycaeus sp., Acartia sp Psgigiods" (Oithong
?fo(in Te;);ml:i sp.), naupli of Balanus amphitrite, la.rvél bi\?alz\(rlepstomlzlts cod
Showeg tg tth and pol_ychaetes. Examination of the stomach o (tECted
showe ?1:1 ! ey had fed on adult copepods oniy. Copepod naucT'l' ents
dhato ST“ ich forrqed their dlgt previously were not found i Pl and
. 0 v.erlfy this ‘.further, diatoms and copepod nauplii '\ any of
gn}(li placed in a contal_ner along with these post-larva pfn were cqunted
ours. The larvae did not feed on any of them whe ov & beriod of
adult copepods were introduced, the larvae attaci<ed zre(?s the moment
of them. Another lot of 20 larvae were supplied with frn oo &l
unassortfed p'ankton. After 2 hours. examination of tsSh tomentrated
tent of living larvae as well as 12 killed for the pur  poromach con-
they had fed only on adult copepods. i pose, reavealed that

Larvae 11th Day after Hatching : —(Fig. 9).

The 11 days old larvae were not very di ;
stage except in the body being 6.9 mm. lor);g a?lgrigfaéfrzrln ’::116 }Il)rev_lous
The eyes were black and shining but the left eye haq }s’hif}cm der.
to the dorsal edge of the head that its lens could be seen e(} e
viewed from the right side. The pigmentation was almostoilhy When
as in the previous stage. The larvae were swimminglabout et.same
but as the evening approached, they became less active and Wac ey,
restmg on t_he bottom of the vessel and did not feed on any of a!;e food
items supplied till they metamorphosed. Y ¢ food

On the morning of the 11th day, the larvae wer
on then‘_ right sides periodically. The pigment ce]lse oor?siﬁ;,sedsi?e rsst
creased in pllmber and disappeared in a few hours. Correspondin f-
the upper side (the left side) appeared darker owing to the increas o
the number of pigment cells which were arranged uniforml '%hm
larvae measured 6.9 mm. in length. The mouth exhibited a 1% -s'd?l
development and the right eye had shifted to the left side of the bpod; )

On the morning of the 12th day, the body had in i
by only 0.2 mm, put was wider and flatter. T{1e te(iltac(ize?isfeds;r:eclizrlliith
tion of the anterior fin rays of the dorsal fin so characteristic of t}?—
post-larvae, were now conspicuous by their absence while the fin .
had 1ncreased_t0 .150 in the dorsal fin and to 105 in the anal fin le‘lays
chapges constltutmg. metamorphosis indicated the end of the o'tl val
period and the _begmning of the juvenile stage which is mp k—grval
g,evergl taxonomic features of the adult (Fig. 10). The fish sy
identified as Cynoglossus lingua since it had the fin .ray f(;rmul Co%d k5
V4A '105~(') 89 L. 1.95 indicated by Weber and Beaufort (19%9 o
qf 59 juveniles 12 were reared in the laboratory for anoth L ut
till they measured 15.3 mm. The remaining 42 we ol day.s
ments on their feeding habits. re used for exper-
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Juvenile and Its Feeding Habits

As soon as the metamorphosis was completed, the juveniles settled
at the bottom of the vessel and seldom moved. They were supplied with
the usual food organisms collected from the plankton (copepods, cirri-
pede larvae, larval bivalves and diatoms). The larvae did not feed the
whole day. The next morning it was observed that the larvae began
to be active and fed on dead copepods and other dead organisms such
as bivalves and polychaetes which were at the bottom of the container.
Thus the metamorphosed juveniles did not feed on living organisms for
about two days.

Two days later, fresh concentrated plankton was supplied and it
was found that the diet of the juveniles now included adult copepods
(Oithona rigida, Oithona robusta, Labidocera sp., Corycaeus sp., Eucala-
nus sp., Pontellopsis sp., Acartia sp. Schmackeria sp., Paracalanus sp.
and Pseudodiaptomus sp.,), young prawn, larval penaeid, brachyuran
larvae, Lucifer, Acetes larvae, cirripede larvae and molluscan larvae.
Teleostean eggs and larvae were not found in the stomachs even though
a large number were present in the plankton.

Feeding Habits of Juveniles Collected from the Sea

The youngest juvenile collected from the sea measured 20.5—225
mm. long and did not differ from the 7.1 mm. long juvenile reared in
the laboratory. The stomach contents of the 21 juveniles collected
showed that they had fed mostly on organisms from the bottom; 39.8%
of the food were composed of bivalves, 29.2% polychaete larvae, 20%
foraminiferan and the rest 11% consisted of copepods and other unidenti-

fiable digested matter.

Feeding Habits of Adult

The diet of the adults of the species was studied from 59 specimens.
The fishes examined ranged between 70—235 mm. in length. Except
two all had food in the stomach. Examination of the stomach con-
tents, showed that the adults had fed on bottom living forms such as
Citharichthys sp. and Solea sp., Eunicids, Scyllids, Noneonella, Elphi-
dium, Rotalia sp., Spiroloculina, Biloculina and Triloculina and consi-
derable amounts of lamellibranch and gastropod shells. A large amount
of mud was also found inside the stomach of these fishes. It is probable
that the mud, of which forminiferan shells formed part, was taken
along with bottom living polychaetes. In one or two cases, copepods
were also recorded inside the stomach. Decayed and dead fish remains
were often met with in the stomach contents of these fishes.

Remarks : —
The early larvae, which are pelagic like the larvae of sedentary
forms in general, are plankton feeders. Kyle (1923) and Norman (1934)
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who have given details of metamorphosi
$h't1nge i'n jche feeding habits. At thizh(())s;z,th(?ty?net .

‘arvae sink down to the bottom but thig change Lamorphosis, the post-
1mr¥1ed1a‘a§1y accompanied by a change in dietg 111 .
beriod of metamorphosis the post-larvae are i oF, during the entipe
teed. At the conclusion of metamorphosis wh tive and do not
become juveniles and have assumed ad et the
of dead creatures available at the bottom. t i
¥atura1 habltqt the J_uveniles' would have continuesd \;irf{ likely that in the
I }kl)erefore their feeding on live plankton when reared Ve on bottom foqq
aboratory cannot be taken as evidence of feedi 0 flat dishes in the
Since the in-shore waters of Madras are very shalllélv% near the surface

adults which are bottom feeders are easily landeq dre(5-50 fathoms) the

out the year. dge netg through.

A comparison with the life history of : :

is made diffcult because Holt (1893), climtrfirgrlfgf t&é’g?‘es of flat fishes
1921), Ehrenbaum (1909), Norman (1926 B, 1927 A & E)E Kyle (1913 anq
send (1936) and Rapson (1940) who have given an acc & 193, Town.
lopment of flat fishes have not given chronological detao';mt i the deve-
ble. hovyever that development from the pro-larvae tl s It 1S Droba-
which is covered in 12 days in the present form o the Juveniles,
ionger period in the colder seas. ' MAY take a much

Summary

1. The eggs and the pro-larvae of Cy,
c - Jynoglossus iy
ibod, yrogeossus lingua are des-

2. The absorption of yolk, the change |
, ge n colour, the n i
1pre-anal myotomes and the growth in size of till:;gerr?)t
arvae whlch becomg changed into post-larvae are de%crig d-
The details of the food they take at every stage aré giw?n'

3. An account of th is of v
3. e metamorphosis of post- i i i
oot post-larvae into Juveniles

4. The juveniles are described and their diet anal

contrasted with those of the adults. ysed and
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Dendrothripiella stannardi sp, nov. (Thysanoptera
Terebrantia) from Kodaikanal Hills (S. India)
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Introduction

Bagnall (1927) erected the genus Dendrothripiella for Dendrothyi
like forms, with D. phyllireae Bagnall as the type, and having 7"0ir111;)s(i
antenna with joints 5-7 forming a compact unit. Shumsher (19J42;1 e
erecting the subgenus Projectothripoides for dendrothripiellig fo' n
with abdominal segments 1-8 bearing an almost complete ciliary frirms
included Dendrothripielle jasminum R & M, under the subgenus Dengfe’
thripiella s. str., in which the ciliary fringes, when present, are restri Z;
ed to the tergite of the eighth abdominal segment. Only two specieg cof
"Dendrothripiella Bagnall are so far known to cccur in India. Dendro-
thripielle (Dendrothripiella) jasminum R & M and Dendrothripiella
(Projectothripoides) pandai Shumsher. Present records show that ex-
cept for two further species from England—D. phyllireae & D. decor
Bagnall, the genus has a very poor representation, and as such the
new species which is described below on the basis of fairly rich collec-
tions is of interest.

The material described below was collected during a survey of the
Thysanoptera of Ooty and Kodaikanal hills. My thanks are due to the
ministry of Education, Government of India for a grant-in-aid of the;
research. To Dr. L. J. Stannard (Jr) of Illinois Natural history Surve .
is due a deep sense of gratitude for his ready help at all times y(i
particularly in examining this material. This species is named ?n
him as a token of the author’s regard. after

Dendrothripiella stannardi sp, n.
Macropterous female:

Total body length 0.952-1.064 mm. General
with some yellowish pigment. Head, antennal ‘.Ointsb(idyz colour, brown,
3 and 4 of a lighter hue; thorax brown, suffused wit and 5-7 brown,

of prothorax and across anteromedian and posterolrtr?ed};:ﬂovﬁ at sides
egions of
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pterothorax. Abdomen dark grey brown, —more yellowish brown at
middle; wings pale brown, with a colourless aréa at base; all femora
and tibiae brown, except apex of hind tibia which is pale; all tarsi :pale;
eyes black, ocelli with red pigment.

Head, wider than long, being 77-84/ long at middle, 126-133¢ wide
across cheeks; head at base with clear, transverse striae. Cheeks with
a distinet notch, behind eyes, practically straight, crenulate, with a
pointed postocular bristle 10-13 1 long. Eyes large, longer than cheeks,
49-54 1 long, 42 ¢ wide and 434 across interocular region.  Ocelli well
developed, triangularly disposed, anterior ocellus 22/¢ apart from poste-

Vig, 1. Dendrothvipiclla stannardi  sp.n.

A—head and Prothorax of Female,
a—antenna of female.
b—maxiltary palp.

rior ocelli which are 28-32¢ apart. Antenna 7-jointed, about 21 times
head length; joint 1 normal, more or less rectangular; 2, large almost
spherical; 3, distinctly smaller than 4 and pedicellate, 4 and 5 barrel-
like, 6 penicillate, 5-7 forming a compact unit. Sense cones on 3 and 4
well developed, forked.
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Measurements of antennal joints: length (width) in p: 16-19
(21-22); 32 (25-26); 26-32 (19); 32-35 (16-19); 32-35 (19); 34.38 (10-13);
10-13 (3). '

Fig. 2. anomalous antennae of Dendro-
thripiella stannardi sp.n.

a—cntire antcena,

b—joints 6 & » fused

a b

Mouth cone 96-112x long, 126-140¢ wide at base ang 22-28) at tip
reaching a little beyond the base of prosternum. Maxillary ,
jointed, individual joints measuring 16 and 19-22u long ;
13 M long.

Prothorax transversely elongate, a little longer thap head, about

90-98/4 long, 154-16€# long at anterior margin and 168-186 y at posterior
margin, inclusive of coxae. Surface smooth, without prominent bristles,

palpi 2-
labial palpi,

i (L o il
i T e
oy

X »:ew/,?{mva”m, b . z l - h"""‘"

Fig 5. Forewing of female.

not even the postangulars; pterothorax, 210-266 /¢ long, maximum width

aeross mesothorax, 224-238 U; metafurcae (lyra) enlarged, ¢
of the genus. Wings: forewings with straight hind margin

haracteristic
» foremargin
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curving to meet the apex of the hind margin, 714-756/long, 84-98 1
wide at base, 42-56 ¢ at middle and 35-42 ¢ at tip.  Fringes on costal
side inserted much below margin; posterior fringes, very long, reaching
2 maximum length of about 3084. Upper vein prominent, not fused
with costa: lower vein absent, but with a few scattered setae; numerous
microsetulae on surface. Wing setae very weak; chaetotaxy: costa
38-40; upper vein 14-15, scattered; lower vein region with 3 scattered

setae.

Abdomen broad at base, widest across segments 4 and 5; abdominal
segments distinctly reticulate; sternites with a median pair of well
developed bristles 48 1 long, arising from ‘socneted areas’, as in figure.

Fig, 4. Dendrothripiclla stannardi sp.n.

Abdominal sternites 4& .

Segment IX 98 ulong, with two pairs of well developed bristles arranged
in a row, each measuring 45-48 4 long.  Segment X short, about
42-48 1 long 56-5@ ¢ wide at base and 45 ¢ at apex. Bristles on X short,
about 13-19 ¢ long. Ovipositor, 160-165 # long.

Measurements of the Holotype:_’ (Macropterouns)—All measurements in

£ unless otherwise specified.

Total body length, 0.952 mm.; head, length 77; width across eyes
128; across cheeks 140; eyes, length, 54; width, 42; interocular space
48 antennal joints, length (width): 19 (21); 26 (32); 29 (18); 32 (19);
82 (19); 35 (12 at base and 6 at apex); 10 (3). Prothorax, Iength at
middle, 90: width at anterior margin, 154; across posterior margin, in-
clusive of coxa 168; pterothorax, length, 210; maximum width 224;
length of IX abdominal segment, 98; width at base, 112; length of
X, 42; width at base, 56; ovipositor, 160.

Habitat: 10 females on sheaths of a liliaceous plant, Bryant’s Park,
Kodaikanal (6,500 ft.) 21-3-1957. T. N. A, No. 291. 6 females on
Cinchona leaves, Perumalmalai hills, Kodaikanal, (7,000 ft.) 20-3-1957.
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“ Dendrothvipiella (Dendrathyipiclla) stannardi sp.n. is a true dendro-
thripiellid, in view of the presence of enlarged metafurcae - (Iyra of
Priesner), fringe cilia of forewings straight, not wavy, reticulations on
‘he abdomen and one segmented tarsi. From D. jesminum R. g M

t differs in every respect, viz., in the body coloration, nature of

. . D ’ ’ ’ e of
Joints with joint 3 shorter than 4, style shorter than joint ¢ an?inlicflng?l
: e

g, 5, Dendrothripiclle stannard: spn. -1 instar - larva.

A—hcad and prothorax.

A—antena.

B—ierminal abdominal scgments.
wing chaetotaxy. On the other hand, stannardi Sp.n. is more allied
phyllivece Bagnall and decoris Bagnall, since this als¢ hag style sp tto
than 6th joint. Phyllireae has a short postangular pronota] br(i)rt]er
absent in siannardi and decoris. From decoris, siannard; is distinguissh .
py the distinctly shorter third antennal joint which even inclusive eq-'
the stem is shorter than joints 4 and 5. [y addition, the d; '01
of body coloration and chaetotaxy also reveal the differences, etails

Key to species of Dendrothripiella g, gty.
1. Style longer than 6th joint.
Style distinctly shorter.

2. Joint 5, shorter than 3 and 4. Yellow

ies. s
species Jasminum R, & M
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3. Prothorax with a small posteroangu-
lar bristle; joints 3 and 4 of
antenna subequal; 5 shorter. phylliveae Bagnall.

Prothorax without posteroangular
bristle. 4

4 Antennal joints 3-5 clear yellow;
joints 3, 4 and 5 subequal, exclu-
sive of stem of 3. decoris Bagnall.

Joints 8 and 4 light brown, 5-7 dark
brown; joints 4 and 5 subequal; 3,
inclusive of stem distinctly shorter
than 4 and 5. stannardi n.sp.

References
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i postage Rs. 1.00. packing and
:= 3. No.3. The Bombay Oyster, Ostrea cucull
H P. R. Awati, 1931, Rs. 3. peiata by Prof,
Rs. l.()O‘jval s. 3.00 plus packing and postage
it 4. No.?2. The Shark of the Indian S .
Dr. E. M. Thillayambalam, 1958‘.’”'35“2,"5%"" Py
i ;ﬁ;ckmg aII:d postage. Tl.liB Memoir is available fgol::
:; (If:isi:s) . ucknow Publishing House, Lucknow, U. P.
Terms: On prepayment or by V. P, P.
HH Particulars may be had from or orders for item Nos. 1-3
Placed with
Dr. B. S. Chauhan, Hony. Treasurer,
Zoological Society of India,
i 34, Chittaranjan Avenue, Calcutta-12, EE
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First All-India Congeess of Zoology

(Sponsored by the Zoological Society of India)

The proposed First All-India Congress of Zoology
sponsored by the Zoological Society of India which
was to be held from October 31 to November 6, 1958
at Calcutta, had to be postponed. Fresh dates will
be announced soon. i

Particulars will be available from Dr. B. 5. &
Chauhan, Zoological Society of India, 34, Chitta- i
ranjan Avenue, Calcutta-12. t
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NOTICE i

Members of the Zoological Society of India are requested to g

send their membership subscription of the Society for the year

1958-59 and arrcars, if any, tothe Hony. Treasurer at an early date, &

The journal of the Society

only to members in good standing. |

Manuscript of the proposed Who's Who of the members of the

Society and a bibliography of
press for printing. Information
for the proposed Catalogue-list o
may kindly be expedited, so that it could a
Orders for publications of the Zoological Society of India like
the Journal of the Zoological So
the Year-Book, Indian Zoological Memoirs (initiated by late Prof.
K. N. Bahl) No. 6 on Palaemon by Dr. S. 8. Patwardhan, second
edition (1958); No. 7 on Salmacis by Prof. R. Gopala Aiyar, 1938
and No. 3 on Ostrea cucullata by Prof. P. R. Awati, 1931; the
Indian Journal of Helminthology, reprints of afew papers of the
Indian Helminthologist, the late Dr. G.D. Bhalerao, etc. could
also now be placed with Dr. B.S. Chauhan, Hony. Treasurer,
Zoological Society of India, 34, Chittaranjan Avenue, Calcutta-12
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i MILL ROAD, NEW DELH.2, 1
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CURRENT SCIENCE

MALLESWARAM P.O,, BANGALORE-3.

" The .'Pf?mier Science Monthly of India devoted to the
publication of the latest advances in pure and applied sciences
Conducted by

THE CURRENT SCIENCE ASSOCIATION |

with the editorial co-operation of eminent scienti
Annual Subscription :

India: Rs. 8  Foreign: Rs, 10; Sh, 16; $25° H

sts in India

e . ADVERTISEMENT CHARGES
.. Full page . Rse 75 0 0
Half page Rs. 45 0 0 "
Quanng page Rs. 28 0 0

b

per insertion

Further particulars from :—

THE MANAGER

_CURRENT SCIENCE ASSOCIATION
7 MALLESWARAM P.O., BANGALORE-3,
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Announcing the publication of : - Y
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- G!PSSAI}Y OF INDIAN MEDICINAL PLANTS
. e - BY . ’ o

qu.' R N. Chopra, §, L. Na ‘
T (Size: 10y x 6" ;
Price Rs. 8/-

o
XX

YYar & Dr. . C, Chopra :
Page: xx + 330) |

per Copy: Postage extra.
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An invaluable com
the occurrence, - distribytj
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pendium of exhaustive information ©on
On and uses of Indjan Medicinal Plants
Mical constituents ang yernacular names.
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The Zoological Society of India wishes to acknow-
ledge with many thanks the donation.s and the grants
in-aid received for publications of its Journal, etc.,
particularly from the following::
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National Institute of Sciences of India; Indian
Councial of Agricultural Research ; Government.of
Bihar ; Universities of Madras, Annamalai
and Travancore; Messts. Burmah-Shell
Oil Storage and Distributing Co.
of India, Ltd., etc.
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HELMINTHOLOGICAL SOCIETY OF INDIA

ESTABLISHED : 1948 .
ocieties Registration Act XXIof 1860

Membership subscription Rs. 1000 per year\.

ission fee Rs. 500. - :
}PXSI;Illilsslrsling the Indian Journal of Helminthology

é i i- 1y :

1948 : published bi-annua
g %}:fteg No. 2 (1956) came out.recently. N 1
! ]oufnai despatched to members in good standing only.
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Registered under the S

All remittances and correspondence to be address to:
DrR. B S CHAUHAN.

Hony, Treasurer,

HELMINTHOLOGICAL SOCIETY OF INDIA,

34, Chittaranjan Avenue (Zoological Survey of India), Calcutta-12,

Chief Editr: DR. G. S. THAPAR
14, Mahatma Gandhi Road, Dilkhusha, Lucknow, (India).
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JOURNAL OF SCIENTIFIC & INDUSTRIAL RESEARCH
Announcing

INCREASE IN ADVERTISEMENT & SUBSCRIPTION RATES
BESEABEH & INI]USTHY WITH EFFCET FROM JANUARY 1958

A new monthly periodical addressed to industry (Revised Advertisement Tariff)*

Technical Digest,

(ST

No. of Insertions. Full Page Half Page Quarter Page
Patents and Processes available for Licensing Twelve Rs. 700.00 Rs. 400.00 Ras. iso.oo
Review of Patented Inventions in Selected Fields Six Rs. 400.00 Rs. 250.00 §s, :ggg
R Invited Articles — Notes — Enquiries One Rs. 80.00 Rs. 5000 5. .
Q ng matter ... Rs. 800 Each

ing readi
Annual Subscription Rs. 8/- 9nd and 3rd cover pages and pages facing

Fourth Cover Page

*The revision will be W

Rs. 1000.

For particulars, please write to:

;thout prejudice to existing contracts and will take
The Assistant Secretary, 1

. ted period-
he expiry of the coutrac
PUBLICATI effect after ¢ . B
ON DIVISION, (Revised Subscription Rates) /’/ﬂﬂau‘)\\i
COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH 00 Foreign., “o@ 5 = X
Old Mill Road, NEW Annual Subscription Rs. 20. India., £ 2or%6. ‘ . ,\\)/ \\ A
’ DELHI, Pnice per lssue. Rs. 2 India , Sh. 4 or §0-60 Foreign. r‘ / RXCAN
T . ;

N e e Ny e (Y

[ Py i l T..te to :
= el el Yt For particulars wrt UNDER SECRETARY

“.. - PROCEEDINGS SUBLICATION DIRECTORATE

6@@@(: —oF== e e

OF THE c. s. I R OWd Mill Road,
]] © ZOOLOGICAL SOCIETY NEW DELHL*
i A Leading Journal of Zoology e i —
Published Bi-Annually e— :r
n [N
4 SUBSCRIPTION “
? TS 3
W Inland: Foreign: L (\k!{ e\ :;‘."h» -
o \ L
.J Rupees Twelve per Volume One Pound Five Shillings per Yolume L ‘\. 6 wm ! ‘
«1  Rupees Six: Single Copy Twelve Shillings Six Pence: Single Copy 13 N Ng"‘) a. 2 L
K \ "
Space for advertisements available: for rates contact Business Manager.
pl Copies of advertisements and papers for publications should be addressed to: L
g
“ printed by Sri S. Sriraman
The Honorary General Secretary, Commerdal Brinting & Publishing House, 46, Armenian Strect, Madras-1.
mmerc e Qo ; .
¢ THE ZOOLOGICAL SOCIETY LL at Cof Published By the Zoological 50Clety‘0F I~nd|a CALCUTTA-13,
35, BALLYGUNGE CIRCULAR ROAD Editor: Prof. R. V. Seshaiah
CALCUTTA - 19 (iIndia).
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