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PRRERFACE

Rainbow sardines of the genus 29;.3.11;1‘. belonging
to the family Dussumieriidae, are small pelagic fishes

forming a fairly good, though not abundant, seasonal fishery
all along the coasts of Indias inhadbiting the coastal watexs.
Thexre have been some earlier reports on such individual
aspeots as their systematios, distridution, abundance,
osteoclogy and & few biological factors dut no attempt has
been made towards a comprehensive study of this grouwp. Twe
apecies of raindbov sardines are known to occur in tho Indian
sead and wvhile & knovledge adbout their diology would de
useful from the fishery point of view, it was also thought

e study of their systematic position, especially regarding
tho identity of the two species which had raised doudte
anong earlier workers, would lead to a better understanding
of the group as a wvhole. This thesis is mainly based on my
studies during the period from April 1969 to March 1971 with
e continued investigation of fishery aspects till December
1975, from the Gulf of Mannar and the Palk Bay around
Mandapam area, on the south-east coast of India. Thus the
vork deals with the systematios, biology and fishery of
rainbov sardines of Indian seas.
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This work was initiated in Fedbruary 1969, when I jJoined
the Central Marine Fisheries Research Institute at Mandapam
Camp as a Senior Research Scholar of the Ministry of Bucation
and Social VWelfare, Government of India. The scholarship vas
for a period of J years. LResearch work was initiated under
the guidance and supervision of Dr, R,V. Nair who suggested
the research probleam., The collection and analysis of the data
was completed during the scholarship period itself. Subsequently
in January 1972, I Joined as a Research Assistant in the
Central Marine Fisheries Researoh Institute at Mandapam Camp
and since then the work was pursued on the diology and fishery
of several groups of fishee such as anchovies, lizsard fishes,
carangids, oil sardine and lessor sardinos under various
research projecta. 4ll these years' research experience has
immensely helped me to acquire more knowledge in the field of
fishery biology investigantions and in turn in the finalisation
of this thesis. The collection, analysis, intexrprxetation of
data and illustrations presented in the text are my own,
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INTRODUCT ION

Rainbow sardines of the fanily Dussunieriidae are
small pelagie fishes widely distridbuted in the tropical
and temperate regions of the Indo-racific. In Indias,
these fishos, though common all along the ceasts, ocour
only in some parts in fishadle magnitude. The Gulf of
Mannar and the Palk Bay, around Mandapam area en the
south-east ooast of India, are two such oentres where
rainbew sardines form a geod fishexy.

Till the end of 19th ocentury only systematics
studfies were prevalent on ainbovw sardines and in the
early part of this oentury ocame the work of Ridewoed (1904)

on the cranial osteology of Dussunisria aguts and
Delsman (1925) on the embryelogy and larval developnmeant

of Dussumisris hasseltii from Jave sea, Anothexr work
t0 be mentioned from adbroad is that of Tham Ah Kow (1950)

on tho f004 and feeding habits e¢f L.hasssliil froa
Singapore straits,



Froa Indian waters the carliest work -~ on some aspects
of blelogy of raimdow saxdine — was that of Devanesan and
Chacke (1944) who studied briefly the bionomics and the eggs
and larvae of D. hasseltil. This was followed dy the work
of Devanesan and Chidambaram (1948 & 1953) giving short
agcounts of the dionomiocs, fishery and economic importance
of the rainbow sardine of Madras ccast in general. Sekharan
(1949) studied the feeding and maturity in relation to fat
oontent in masoulature of D. poula. Chacko (1949 & 1950)
nade some observations on the feod and feeding hadbits and
eggs and larvae respectively, of D. haspel$ii from the Gulf
of Nannar, while Vijayaraghavan (1951 b) studied the food
of D. acuts. Iater, Bapat (1955) descrided the eggs and
larvae of Dupgunieris sp. from the Oulf of Nannar and $the
Palk Bay. Krishmamurthi (1957) investigated the magnitwde
of the fishexy of D. basuseliiji in Eamesvaram Island,
Dharmamda (1959) gave a shexrt account of the maturation
and spawning of D. hasseltii from lawson's Bay (Waltair),
Venkataraman (1960) made brief memtion of the food and
feeding habits and Srinivasa Rao (1964) of the food and
feeding habits and of the diurnal varistion in the nature
of the feed of D. hasgeltii. Basheeruddin and Nayax (1961)
collected the larvae of D. hasselsii from Madras waters and
correlated the availability vith its spawning season.
Euthalingam (1961) desoribed the egges and larvae of D. gouta
from Madras ocoast and traced the developaent up to 56th day
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after hatching and he also studied the feeding hadits of the
Juveniles, Nahadevan and Chacko (1962) gavo a general accoumt
of the bdiology of D. basseltii from the Gulf of Mannar. Vexy
recently Naixr (1973) reviewed the hitherte availadle
information on rainbow sardines in his monogreph on “Indian
sardines®,

The various investigations mentioned above om raindow
sardines are only short acocounts limitod mainly to one or the
other aspootas of biology, such as food and foeding habdits,
spawvning season or description on larvae and early development,
Horeover, the identity of the twvo species of Dussumieris hed
alse been confusing to most of the oarlier vworkexs oa dielogy
and systematios. Hence it was folt desirable to undortake a
detailed investigation on the aystematics, diffexrent aspects
of the bdiology and the fishery of raindow sardines of India.
The present study was initiated in April 1969 undor the
supervision of Dr, R,V. Nair, then the Senior Research Officer
of Cemtral Marine Fisheries Hesearch Institute at Mandapam
Canp and lator its Pirecter.

8inoe the first record of the genus Dysgupieris dy
Valenciennes from Bombay in 1847, sevoral authors have added
many epecies to the genus, which include D. gouts

Valenoiennes (1847), D. olepsoides Bleeker (1849), D.basseltis
Bleekexr (1850, loocality, Batavia) and D. 9lepscideg Gunthex(1868)
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The presence ef several apecies in the genus, with a listle
or no differsnces te demarcate one from the other, led %0 a
confusion in the systematies of this growp as a vhole and
this condition prevailed till the pioneering work of

Bleeker (1872) who suggested that there are only twe species,
namsly D. acuta Valenociennes and D. hapseltil Bleeker.
Chadanaud (19%535) added a nev species to the genus, namely

D. pxoduaotissima, whioch, mocording to Fowlexr (1941) may
belong to the family Atherinidae. TYollowing Bleeker (1872),
Day (1889) and Veber and de Beaufort (1913) recegnised only
tvo species under the genus lussusjieris, vis. D. souds
VYalenciennes and D, haseeltii Bleekex and all othexs were
treated as synonymous with either of these twe species, Rven
after this, confusion on the identity of the two species
provailed, due to the fact that the variation in the number
ef lateral line scales, which are unfortunately highly
deciduous and hence unreliadble, was considexred as the mest
distisguishing specific charactex. The specimens caught are
invariably found without the full comploment of scales, thus
rendering any observation on scalos of doudtful value
(Devanesan and Chidambaram, 1953). Delsman (1925) also faoced
the same diffioulty and further fels that the other differemces
in the characters of theoe two species are slight and ealy of
relative value, Accoxrding to Vhitohead (1965) in the majority
of the descriptions it is rarely statod whethexr the scale



count was an actual one based on the specimens examined or
merely follewed previocus descriptions., On aocount of these
doudb$s VYhitohead (19635), while stuiying the systematios of
this group, bdrought all the species of the genus Dussunieris
desoxribed hitherte undexr one species, J. aguts Valenoiennes
and stated that any variation in the charactoss can cloarly

e ocorrelated with geographiocal distridution. Put in the
present work the author disagrees with the above obsexrvation
of Vhitehead, and has re~ectablished the twe specios namely

D. gouts Val. and D, hasseltii Blkr. which can easly de
distingubhed by their differences in body shape and several
other characters, doth morphomstric and meristio. The auther
cellected specimens of these $wo speciocs from the sams loeality,
the Culf of Mamnar and the Palk Bay, and alse from some other
selected centres along the southern coast of India, and studied
their morphometric and meristic characters applying standaxd
statistiosl methods. He could obeserve that many of these
characters showed distinot variation in these two species.
Detailed statistical treatment of the adove aspoots and the
reasons for keeping these two species, D, acuts and D.hasgeltil,
separate, are furnished in Chapter 3 of the thesis dealing
with the systematioes of rainbow sardines,

In tho following five chapters the biological aspects
such as feed and feeding hadbits, reproduetion, early developaend,



age and growih, length-veight relationship and relative
ocondition facter of raindew sardimes, with special
reference $0 D. goults, are doalt vith in detail, The
significance of the studies en feed and feeding hedbits of
a fish has bdeen recognised by the earlier workers on
fishexy biology and it decams an acespted faot that the
distxridustion and fluctuation in the availadbilisy ef food
organisms of a species are important faoctors that may
affoct its behaviour in respeat of ite migration, growth,
oondition, breeding, shoal formation and even the fishery.
¥ith aue oonsideration to thess sspects, ths food and
feeding habits of D. gouta were studied, The stomsoch
oontents were analysed qualitatively to know the major feood
itens and quantitatively to assess thelir relative abundamnce
and seasenal variation in different loocalities in two
consecutive yeaxrs from April 1969 to Mareh 1971, The day
and night samples vere analysed separately to know wvhether
this fish exhibited any diurnal variation in its feeding
hadbits, Comparisons of the stommch contents of D. poula
fxom the Gulf of Mannar and the Palk Bay, and also betveen
the tvo years were made, The foed items in various sise-
groups vere analysed separately. The condition of feed,
foeding habits and solectivity were also studied. The
feeding hadits of D. hasseltil, based on the limited samples
collected from different places were also investigated fowx
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a comparison, The results of all these studies are furnished
in Chapter 4.

The bielogical facters ocomnected with the reprodmetion
of D. aguta, recognising the significanse of such knowledge
in suceessful management of its fishexy, wore investigated
and the results axe projected in Chapter 5, This inclwles
desoriptions on the structure of gonads and the classifioca-
tion of their maturity stages, Based on the ova diameter
studies and tho seasonal variation in the maturity ssages,
the spawning season and the frequency of spavning were
assessed, The state of smaturity was alse determined by
estimating the gonado-somatic indox ef the fish, The sise
at first maturity wvas determined teo assess the age at firsd
maturity. Based on the counts of maturing and mature eva,
those destined to he spawned in the current spawning seasen,
the focundity of the fish was estimated and 1%s relation
with factoxs such as length of fish, weight of fish and
veight of ovary, was studied. The pattern of sex-ratio
of D. aguta in different months and differemnt siso grewps
vas also investigated in detail,

In Chapter € the early development of D, acuts 4s
desoribved and discussed., This study wvar dased on artificial
spawning of the ripe males and femalez and subsequent
foertilisation of the eggs adoard a2 fiehing vesceel operated



off Mandapam in the Palk Bay. The fextilised egg and its
devolopment, hatehing proocess and the hatohed out larva

in various stages of developasmt uwpto the 48-hour-old, are
desoxibed in the toxt, Bince no other account on artifiedal
spavaing and fertilisation is availadlo on marine fishes in
India, this successful attempt &8s the first of its king,
that too in a fish like D, gouls which is quite sensitive
and dies quickly when captured.

The estimation of age and growth of a Lish i»
necessary in solving many bielogioal prodlems, such as
longsvity, maturisy and time of spawming, estimatien of
-ozfauty, survival rate, ota., all of wvhich are essential
information for a rational oxploitation of the ateck. Vith
this in view, an atteapt has been made t0o estimato the age
and growth of p. gonig using the indirect and statistical
nethods such as Poterson's method of length~frequency
analysis and probability plet methed of Cassie (1954). The
hard parte like otoliths and scales were aleo sudbjeacted %o
study, Theoxretical grovth was estimated by fitting vea
Bertalanffy's grevth equation $o the results odtained frea
Peterson's method, 7The growth paramstors vere estimated
by axfithoetio and graphical methods. DBased on the resulls
of these age ani grovth studios, the age composition of tho
conmercial catoh by different gears were estimated $o know
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about the impertant age-greups eonstituting the fishexy.
The results of all these observations are dealt with in
Chapter 7.

The length-weight relationship of D. pgutp vas
oaloulated wvith Swo objectives, Lirstly as a means of intere
conversion and seconidly, to ocaloulate the ‘econditien faeter',
Separato length-weight equations were derived for indetemmi-~
nates, for femmles and for males and, through the covamiance
teat, the significance of variation of the regressions ef
these categories were teested, The length-weight relatiomship
of D. hasseltil ves also studled for cemparison, Utilising
the length-waight eguation tho xelative comndition faetor of
2. aouip vas ocsloulated. The geometrical means for differeat
size groups and for iamature and mature oategories in differea
months were estimated and the fluwetuations studied. ZThe
results of these olsexvations form the contents of Chaptex 8,

The information collected on the fishery of raindbow
saxdines of the Gulf of Mannayr and She Palk Bay are presented
in Chapter 9. 7The oraftes and gears employed in this fishery
are desoridbed., ZThe observations on fishing seacsons, trend of
fishexy, 4isposal of satch and oatoh data over a periocd from
April 1969 to Decemder 1975, are incorporated in tho text.

Chapter 10 of the thesis deals with the sumsary of the results
of all these investigations and in Chapter 1! the references

cited in the text are presented,.
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Tables, figures and photegraphs, wherever necessary
te sudstantiate the conclusions drewn from these investi-
gations, are also incerporated at the appropriate places
in the texs,



CRAFEER 2

MATERIAL AND NBETHODB

The material for the present study was ocollsoted
during April 1969 te March 1971 by regular sampling of the
ocommezoial catohes at various fish landing ocentres in and
arownd Kandapam slong the Gulf of Mannar and the Palk Bay.
The important collection centres on the Gulf of Mammar side
wore lxvadi, Kilakkarai, Periyspatanam, Muthupettai,
Pudumadan, Vedalal and Mandapam on the mainland) Pamban,
Kundugal Point and Rameswaran Road en the Rameswaram Island,
On She Palk Bay sido $ho oentres were Devipattanas,
Panaikulan, iAthankarai, Dhargavalasal and Mandapam on the
mainland; Pamban, Ranesvaran and Dhanushkoedi on the Island
(P2, I, Fig.2).

Jor the stwuiion on systematics, in addition to the
above ocentxes, samples of raindew saxrdines vere collected
from Nadras, Ouddalore, Tuticorin, Xanyakumari, Vishinjam,
Coochin, Calicut and Mangaloxe (P1,17ig. 1) either personally



rig. 1

PIaTE 1

Map of South India showing important fishing
centres and ocentres from whexre samples of
rainbov saxdines were colleoted. It alseo
shows the Reseazch Centres/Units of Oentral
Marine Fisheries Reseaxrch Institute.

Map showing important landing oentres in and
around Mandapam and Rameswarxam from vhere
regular samples of raimdov sarxdines were
oolleoted for bdioclogiocal etudies.
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or through eclleagues in the OCentral Marine Fisheries Research
Instituto sub-stations/unite (some of thea are showa ia

Pl, I, Z1g.1) at these oentres. Out of the total samples, 29
ay‘oci.-.u each of B. acuta arnd . hasseltis, collected frem
different ocenires and preserved in 5% fermalin, wvere usilised

fox systemntios studies.

The naterisl included hoth the sexes

and their norphowetyic messuremsts and meristio counts were

taken carefully.

LIS

3.

4.

5.

6.

7.

Total length

Foxrk lengih

3tandaxrd lsngth

Head length

Snout length

Naxillary length

Zye diameter

The measuraments are defined as followss

Distance from tip of snawt to tip
of upper lebe of the onwdal fin,

Uintance from tip of snout to the
fork of caudal fim.

Distance from tip of snout to
aid-base of caudal £in whexe a
8lightly dazxk vortical line s
visible on preservation,

Distance from tip of smout to hind
od;c of eperculum on a mid-latoral
1line.

Distanoe from tip of snout to fromt
anrgin ef oys.

Distance froa tip of enout teo
posterior tip of maxilla.

Horizontal diameter of eye.
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8. Pre~dorsal length Distanee from tip of snous %0
anterior margin of the insextien
of dorsal fin,

9. Pre«pelvic length Distance from tip of snout to
anterior marxgin of the insertioen
of pelvie fin,

10. Pre~poctorial length Distance from tip of sneut to wpper
edge of the anterior maxgin of the
insertion of pectoral fin.

11, Pre-anal length Distance from tip of smout to
anterioxr margin of the insertion
of anal fin,

2. Cawdal fin length Distanes bdetween the base of ocaudal
fin, vhexre a Gark vertioal line
48 visidlo across the osudal
pedunale, to the tip of the upper
lode of caudal fin (the difference
between total length and standard

length).
135. Depth of head Dorse~ventral distance of head at
the pesterioex bdoxder of eye.
14. Depth of dody Doxso-ventral distance of dedy at
the anterior maxgin of dorsal fin,
15. Depth of cawdal Dorso-ventral distance ef oavdal
pedunale peduncle at the base of caudal fiam,
16. Stomach length The distance from the antorier end

of the oesephagus to the posterior
tip of stomach casounm 0f a completely
empty and shyunken stomach,
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17. Stemaech ocasoum Distance from the pesterxrior angle
length ef the starting of pyleric stomech
20 the poestoxier tip of the casocum
of a ocesplsialy empty and shrunken
”0-“0

The numbex of gill wakors on the Upper and lovor limbe
of the left outermost arch was counted., 2Zhe number of pylorie
cascad vere ocounted carefully after taking the gut out of the
bedy cavity. The vertedbras wvere ocounted by memoving the flesh
on left side of the fich all along the length of the dody
making tho‘ vertebral ecolumn visidle for oounting, The expesed
side of the vertedbral columa was furthor cleaned using 5%
potassiva hydrozide solution and the numbder ef vertobrae vere
counted with the help of a megnifying glasse and a needle.

The body proportions were exprecsed as peroentage of total
length for fork length and standaxd length.and of standaxd
length for all other charactexs, The propertions of snout
length, maxillary length, eye diameter and depth of head were
further studied as percentage of head longth alse., Using
standard statistiocal methods the range, mean, standaxd deviatiom,
standard exrer and range of everlapping of morphemetric and
nexistie characters of the twe species vore estimated,
Regrossicns of the morphometric charactoxs ef the two speocies
vere estimated by least squaxe method and the asignifiecance of

deviation of these regressions were tested by means of analysis
of cevarianee.
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The samples of D, pouia used for diologieal studies
were collested at randea from the commeroial ocatches landed
in shore-seins, gill net and travl net. During the peried
from Apxril 1969 teo Maxrch 1971, on an average 7 samples, each
consinting of 12 to 15 fishes, vere examined every month,
During the 24 months' period samples vere available in all
the months from the Gulf e¢f Mamnar side, whilo froa Palk
Bay sido no samples vere available in May and Decemder 1969,
February, May and October 1970 end Jamuary 1971, 4 total
of 2247 specimens, ranging in sise from 46 to 156 mm tetal
length, was analysed during this peried, Om the sampling
days, additional length measuremsnts of 50 to 100 fishes were
taken, vhenever available, in the field itself fer length
frequency analysis. The speoimens were preserved in 5%
formalin in the field after making an incission on the
ventral side, latex, in the ladoratory, they vere veighed
and measured for longth; the sex and state of gonadial
maturity (as defined by lovern and Vood, 1937) wore recemded,
The length and weight were noted in millimet s (mm) and
grams respectively. ZThe stomach and tho gonads were then
removed and presexved in 5% foramalin in separato tudes with
2 label indseoating the place and date of collection, time
of capture, type of gear used and sample mumder, for lator
analysis in detail,
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Various metheds are empleyed in the study of food and
foeding hadits of fishes (Pillay, 1952). Unlike otherx
laxger earnivoreus fishes, the quantity of feod of D. souts
is very littlo whioh makes is 4iffioult teo dotermine the
actual volume by displacement methed, 7Therefore, the
velumetric points method (Pillay, 1952) was empleyed. Binee
1% has deen pointed out by Natarajan and Jhingran (1961) that
the occurrence method or volumetric method alono will net
give a oorrect idea of the importance of the individual food
itene, both coocurrence and velums were takemn into acoount,
The analysis wvas done by the methed of ‘Index of Prependerxance'’
as suggested by tho adeve authors, employing the fermula
KEQVU x 100, whexre 'V¢ and '0' are percentage voluwmne and
percentage ocourrence of a food item respectively, The oxtent
of feeding was determined by the cegree of distension of the
stomach and the amount of foed contained, and wvas expressed
as ‘gorged’, ‘full’, '3/4 full', 'Y2 full’, *'Y4 full', ‘1ittdle’
and ‘empty* with 100, 80, 60, 40, 20, 10 and O points assigned
respectively. Depending on the relative volume of the items,
points were givea for each, JFrom these values, volume for
each item was calonlated, The percentage volume of each feod
iten wvas found from the total volume of all the stomach
contents in each month., GSimilarly, the percentage occurrence
of 4ifferent iteme was doteramined from the total numberxr of
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gocurrence of all items in each month, fThe ‘Index of
Preponderance’ was takem to indiocate the food preferenece

of B. aguia.

To ascertain the cendition of feed in various monthe,
the degreo of fulness of the stomach of each fish was noted.
A stomach was designated as ‘gorged' vhen it was tightly
packed with food items, ite wall appearing very thin and
transparent, A 'full’ stomach was the one that was normally
f£illed with food, its wall appearing thim, It vas ranked
as '3/4 full' when it was in a partly cellapsed conditiem,
Similarly they vere oclassified as 'Y2 full’ and V4 full’
depending on the relative fulness and the space scoupied
by the contents. ZThe state of stomach was termed 'little’
wvhen the contents eccupied less than a qu:toi of she
capacity of the full stomach., ZThose stomachs, vhere there
vas absolutely nothing inside, vore termed as ‘empty' and
in such caces the stomachs were shrunken and the walls were
thick with prominent inner felds, Ths percentage ecourrence
ef these ocategories were aocmputed from the total number of
stomachs examined in s mondh,

Bach stomach vas out open and the sontents wore washed
into a petxi éish, The various components eof the food itome
were obsexved umder a bimooular microscepe and identified
upto species or genus or family, depending on the completeness



of tho oxganisme and tho extent of digestion., In cases

where the digestion had progressed to an advaneed stage

or where the food items wexo in a nighly mutilated comdition,
making the identificatioa of foedi elements difficult, the
oontent wvas treated as ‘digested mattexr'. Fragments of
crustacean nppendages and other body parts were grouped

a8 ‘orustacean remains'.

For the stwiies om reproduction of P. acuta, the
gonaldes which wers carefully romoved from the fish and
presorved im 53 formalin, were analysed., The attached fat
and the excess moisture Ifrom each gonad were carefully
romoved and tho length in amillimstre and weight in milligrams
wvere recoxded. Since the prodlem of spawvning hadits has to
be largely approached by suoh indirect methods as the amalysis
ef growth of ova by measuring the increasing diametexr, the
aethod, as developsd by Thoopson (1915) and successfully
employed by subsequeat worikers like (lark (192% and 1934),
Riockling end Rutendberg (19%96), de Jong (1940) and Prabhu
(1956) was followed., A omsll portion of the eovary was
removed and teased out iunto a plankton counting chamber,

The ova were carefully separated with fine nesdie under
the dissecting type binecular microscope amd apreoad eut
evenly in the chamber which was then filled with vatem

alloving the ova to immerse im it thoreby avoiding the drying
up of ova in the couree of measuring. The method of
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measurement vas, in general, similar te that desorided dy
Clark (1934), June (1953), Yuen (1955) and others, the
aiorometer bYeing permanently fixed in horrisontal pesition
and the diameter taken parallel to Swe horisontal guidoe lines
oa the alide in vhatever axis the ovum lies, as the slide
vas meved slowly, In addition to the parallel lines of

the mioromster, the squares ¢f the plankton counting chambex
ox which the ova were spread, were found %0 be helpful im
aveiding duplicate measurements of the same ovum. Thus,

the diameter of the ovus may be defined as “"the distance
betweon twe parallel lines running slong the two extrenities
of the ovum perpendiocular to the guide nnu". (Amntony Raja,
1964). As has been cbsexved by Clark (1934), de Jong (1940),
Prabhu (1956) and Dharmamba (1959) this method vas foumd

t0o give satisfactory results, A monocular microscope with
an ocular micrometer slide was used te measure the ova, The
magnification gave a value of 0,0156 mm to each micremetex
division (ebjeotive 10X and eyepiece % X), For sasiex
presaentation the diametor of ova is dosorided in aicremeter
divisions (m.d.) along with the corresponding millimet re

cenversions,

Differeat authors had maintained different views
regarding the number of ova te be measured from an ovary.
Glaxk (1934) drew hex obsexvations based on measurements
of 200 ova, vhereas Pradbhm (1956) conaidered that measurements
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of at least 1000 ova vere necessary to mitigate the probadle
exrroxr in the representation of various groups of ova.
Dharmasba (1959) measured 1000 ova frem sach ovary.

Bunang (19%6) wvas of opinion that at least 2000 teo 2500 ova
have to do measured n‘th advance maturing and mature
ovaries, Vorkers like June (1953), Yuen (1955) and Howard
and Ianda (1958), hevever, seem to have resorted teo measuring
lesser number of ova, roughly from 100 te 300, in Sheir
investigations invelving a large numder of ovaries. Antoay
Raja (1964) compared the frequemey distributiom obtained
from the measurement of 1000 ova and the first 300 ova of
the same ovaxry of oil sardine, Sardipella longigepe and
found no statistically significant difference baetween these
samples in any of the ovaries to vhich tests were applied.
Hence in the present study it was found reasonable te
restrioct the weasurements $o0 300 to 400 eva pex ovary, in
viev of the large number of ovaries %0 be examined, Ova
diameter measurenents of 93 ovaries im different stages of
mturity vere taken for this study.

For fecundity studies 35 mature females of 1. asuls,
belonging $0 stages IV, V and VI, ranging in eize frem 126 H4m
total length, wore amslysed., IFrom knewn veight of the ovary
a poxtion was removed and weighed. The ova in this subsample
was carefully teased ocut in to a counting ehambex. All $She
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yolked ova measuring above 0.5 ma (30 m.d.) dianeter were
counted under the micrescope using tho same magnification
used in ova diameter studies, 4.0. 10 x 5. and the sane
oocular micrometex., Jrom the number of ova in the subzsample
the total number of eya in the ovary was estimated bdy
multiplying the number of eva in the subsample dy the ratie
of the subsample weight to ovary weighs.

For sex-ratio studies, aines the sex detexmination
by naked eye was rathexr diffioculs in fish measuring upte 100 ma,
the fish measuring above this only were takea into accownt,
A total of 288 fish, 1740 during 1969-79 and 1548 during
1970-T7T1, vas analysed for this purposs.

The studies oconducted hitherto on tho egge, larvae
and the early development on marine fishes of India woredased
on planktonic collections. But the present atwiy on the
early development of D. pouts 4s dased on the artificial
spawning of the ripe msales and females and sudsequent ferti.
lization and rearing of the egze, During the course of this
investigation attenpts vere made te collect the planktonio
ogg® ani larvae of B, pouta from the Palk Bay utilising the
linited facilities provided dy the owvners of a private fishing
boat bdased at Mandapam, On 2nd of March 1973, on a nev-meca
night, a trip was undertaken in Palk Bay and trawling was
nade at a depth of 10,5 metexs off Mandapam, The fixst haul



vas oompleted at 21,30 hre and the catch osnsisted of
specimens of D. aguta, both males and females in ripe and
oosing stages. Immeodiately, at 21.40 hours, by gently
pressing the belly, the eggs sand milt were transferred
inte a bucket ocontaining filtored soca water, Ixtreams

care was taken net to ocontaminate $tho watexr dy the muocus
exuding from tho delly. MNoxe filtered sea water was added
te 1t .nd‘tn‘u helped in mixing of ogge and milt more freely.
Moxe detailed observations could mot de carried eut on
board due to the lack of facilities., By next morning tiny
endbzyos were noticeable in the fertilised eggs whieh vere
floating on the water surfasce. The paread fishes could net
be kept slive.

Oq reaching the laboxatory at 09.30 hours on %5-3-.1979,
the fertiliczed livo eggs were transfered into fresh filtered
sea wvatexr in a clean, round glass trough of adbout 265 om
diameter, Thersafiexr ocontinuows observaticns were mads and
the various atages in the develepnent of the embryo were
traced till the death of tho last larva at 48th hour after
hatohing, The time of fertilimation was fixed detween
21.45 and 22,00 hours ot 2«3=197% and the first larva
hatched out in the laboratory aftexr 24 hours of inecubatiom,
1.90,, at 21,45 hours on 3+3=-1973, folloved by the hatching
of all other egge vithin a shors duration,
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Joxr age and growth stuiies random samples eellected
from shore-seine and trawl ast catehes wexe ‘uod. 8inece
the gill-net 1is a selectivo gear, samples collected frxem
that gear were net wsed, A tosal of 10362 fishes was
analysed for this purpose, From shore-seine altogether
94 samples tetalling 8882 fish, en an average 4 samples
sach oonsisting of adout 95 Lish every month, were oollected
and measured during the peried April 1969 to March 1971,
During the saae period, from travl nets, 36 samples each
oonsisting of 41 fish, totalling 1480, vere mecsured, Trawl
samples were available only fer 12 months altogesthex.
Throughout this study, the tetal length of the fish was
measured in millimetre (mm) in fresh aondition in the field
itself, The age and growth of the fish vers determined by
Peterson's method of length frequency analysis, For this,
the length messurements were grouped into 5 mm sise greups
with the aid-point repressnting the partiocular sise group.
The sise~groups vers designated from is to 53 and 6s to 10s
with the mid-points at 32 and 8¢ alternately. All samplee
of a month vere pooled to provide a monthly length frequensy
distribution. The frequenoy in number was converted inte
percentage frequency. ~Probability plot technique of Cassie
(1954) was also used to determine the age and growth, For
this, the cumulative percentage fregquency vas calculated
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from the annual perecentage frequency and pleted im Prodability
&xaph paper $0 sexrt ocut the annusl modes,

Inoxrdoxr to see vhethex any of the hard structures
of D. aguta could de used for age determination, the oteliths
of 230 fish of different sises were remeved and examined,
Sagitta, the largest pieocs of the etolith complex, wvas easily
removed from the fish. A fairxly deep ocut by a shaxp scalpal
on tho skull through the postexrior end of the operxculum,
outting the otic eapsule and subssquent removal of the fLflap
revealed the otolith situated longitudinally in the otie
capsule, This was zxemoved carefully by a pair ef foreweps,
cleaned in fresh watexr, dried and kept in small glass Swdbes
with ladels., later, sach otolith vas examined under micre-
scope in reflected 1ight. The measurements of the otoliths
vere taken using an ococular micrometer, IXylol was used as
a alearing medium in whicgh the otolith vas imaersed fex
oxaminatsion of growvth xings, 2he scales of J. agutg are
highly deciduocus, <o a systematlo collection of scales
frxoa a particularx area vas not possible and henee this could
not be used for age detexmination., For soxting eut the age
conmposition in %he comwercial catch the method followed by
Fairbridge (1952) was adopted.

For the etudies on length-weight relationship and
relative condition factor, the total length of f£ish measured



- 28 -

in millimetres and weight takem in greams with 0.1 ga
asourracy vere utilised. 1634 fishes of D, pguts vere Sakea
for this purpose. The fishes wexe breadly growped inte
indetorminate « smaller fishes measuring upte 100 mm, where
the sexes were not easily differentiadle, and determinate -
fishes measuring adove 100 mm, where the sex difforentiatien
vas possidble., Nurthex, among tho determimate group, the
nales and females wore treated separately. During the year
from April 1969 to Maxrch 1970, a total of 622 fish -

35 indeterminate, 388 uales and 399 females; and during the
second year from Apxril 1970 to Maxrch 1971, a total of 812 fish -
26 indeterminates, 394 males and 392 fomales, vere utilised
for this study, Using the least-square method the regression
formulae for each of these ocategorios were derived and theso
vere compared for signifioanee by means of analysis of
comvarianees. The length-weight xelationship ef D.bassel$il
was studied based on 110 specimens collected from Cuddalere,
Mandapan, Tuticorin, Kanyakumari and Vishinjan,

The relative condition factor 'Kn’ of B, apgutpg was
caloulated using the formuls Kn = % 745 fishes belonging
to both the sexes were analysed for this study, Using she
length-veight relationship formulae the calculated waight (V)
of the individual fish was determined., The relative conditien
factor 'Kn' vas obdtained by dividing the odsexved weight dy
caloulated weight for individuwal fishes, The values thws
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obtained were further grouped aceoxdirg to the sise of the
fish and the month of cepture and the mean 'Kn' was caleulated
from which the geometrical mean was found foxr each size

growp and for each month.

The stuwiy on the fishery of raindev sardines was
eonfined mainly to the data colleeted from a few ocentres
such as Mandapam, Pudumadam, Muthupettai and Kilskkarai
along the Gulf of Mannar coeast and Mandapam, Dhargavalasai,
Athenkarai and Panaikulam along the Palk Bay coast, These
osntres ocever feur types of gear, namely, travl net at
dandapam; shore seinc at Panaikulam, Athenkarai, Dhargavalasai,
Muthupettai and Pudumadan; gill net at Kilakkarai and bag
net at Mandapam and Kilskkarai. These landing centres were
visited omoe in a week or fortnightly amd catoh data and
samplos wore 6ellected, Usually all the uniss operated on
the day (if She number was small) or 10% of the units eperated
(vhen number of units was large) were odwexrved and the data
on total catch of rainbow saxdine estimated, multiplying
the avorage eatch por unit by the total number of unite
operated on the day. From the total catoh of the observation
days the average daily oatch was estimated whiech, in Summ,
vas multiplied By the total number of fishing days im that
month to get the monthly estimated catoh., Likewise the
catch datawere colleweted for a peried of nearly 7 years,
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from April 1969 te December 1975. The information em oxaf$,
gear and mode of operations vere gathered from the local

fichermen,

Apart from She general methodelogy descxidbed adeve,
sone aspects which requise further elaberation are givea
in detail in the relevant sections in the texs.



JYSTENATIOS

The raindbow sardines, or round herrings, delonging
to the family Dussumieriidae axe small clupooid fishes
fairly m.l; distriduted in tyepical and temperate seas,
mainly 4in the Indo-Parcific xegion, The Dussumisriidac
differs from the Clupeidas by She absence ef adbdominal
scutes, thus having somewvhat rounded rathex than keeled
bellies. Barlier workers liko Jordan & Gilbext (1883),
Ginther (1868) and Vebex i do Beaufort (1913) ocensidered
the round herxinge as a swd-~-fanily of the (Mwpeidas, dut
since Jordan (1925) they are usually given family status,
Howevor, Ovetovidov (1952) retained them in a swb~family
of Clupeidae, but the adbsenes of soutes in all dust ene

species (9ilehxistells sssiuaring) of reund herrings led
Vhitehoad (1963) to consider that the evolution of this
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group pre-dated the evolution of the souted clupeid growps
and he feels that presence or absence of acutes is of such
fundanental impertanco that the round hexring sheuld deo
separated from the clupeids at family level. The reoceant
revision of the family Dussumieriidae was thats of Bertin
(1943 ) wvho »ecognised two sub-families, the Dussumieriinae
and the Spratelloidinae, VWhitehead (1963) completely
revised the yecent round herrings giving a family status
te Dussumieriidae following Joxdan (192%5).

FAMILY DUSSUMIRRIIDAB

Riasnosins

The latest desoription en the diagnostic charascter-
istios of Dussumieriidae has been given by Whitehead (1963)
as follows,

*"QNupeocid fishes usually with elongate, fusiform
bodies and rownded bellies. Ume or twe adbdominal scutes
assooiated with the pelvic £in} pre~ ox post-pelvie scutes
entirely adbsent except feor the former in ons instance
(S4lohxistells aestuarius); neither the pelvic soutes ner,
wvhere present, the pre~pelvic scutes are keeled,

Anal £in normally equal to er sherter than dorsal,
oxceptionally longez. Pelviocs slightly in front, delew ox

a little bohind dorsal. Pectorals set lov on dody., Anal
alvays behind dersal,
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Nouth terminal, lowex jaw more or less projecting.
Premaxilla small, edentulows or with a single sories of small
conical teeth which are eften deeidusus. 8Small, oconical and
sometimes deciduoux. teeth on dentary, aleng lover edge of
maxills, on glosschyal, suprabasal (vhere present),
mesopterygoids and palatine., A well devoleped pesterior
supre-maxilla overlapping distal tip of maxilla and predueced
anteriorly into a pointed shaft; a secend, plate~like supra-
maxilla sometimes presont, lying between the shaft and the
uppexr edge of the maxilla,

Hyomandidular with twe separato oranial heads artiou-
lating with both sphenotioc and pterotics oceratohyal with ox
without indented ventral edge. Branchiostegal xays from six
to twenty.

Peoudebranchiae well developed; gill membranes separate,
free from isthmus; gill rakers fine and slender dut rarely
more than about forty, Pyloxic casose numerous. Aidipese
tissue often entirely ocevering eye.

Sensery canals of head well-developed, with superfioial
ramifications extending on to pre-gpexrculum, sub-erbitals,
opoxculum, and semetimes on to maxilla, part of articulax and
sudb=pperculum,

Scales eycloid, oevering emtixe dedy except head, oftem
highly dooiduouss oclongate axillary soales in anglo of



pectoral and pelvic fins and elongate scales on upper and
lover lobes of caudal, Vertedrae 30 - 56.

Dussunieriidae axe small, often brilliantly silvery
fishes ehiefly found in the Inde-Faeific region between
latitudes 40°N. and 40%5., bus with a few species aleng
the Pacific end Atlantic ceasts of North America., They
are found in costal regions and in estuarine and tidal
lagoons and, although rarely exploited by any large fishery,
they are acceptadlc in some pleaces as foed fishes when
caught in suffioient numbex.”

*The Dussumieriidas fall into two very distinot groups,
the Dussumieriinee, larger fishes with more branchicstegal
rays (14-19); and the Spratelloeidinse, comprising species
vhioch rarely oxoeed 110 mm, and bave 6§ « 7 branchiostegal rays."”

Koy to the Sub-families.

*I. Branchiestegal rays 14 -~ 193 adult sise 100 - 350 mm,.}
pelvic sguto ¥V ~shaped; ne posterior oranial fronte-
nelles in adults; oexatohyal not excavated ventrally;
dorsal rays 16 « 2% ... Dussunieriinae

11 Branchiestegal rays 6 -~ 73 adult sise 50 - 110 mn,}
polvio soute eften with ascending process; a pair ef
pesterior aranial frontanelles in adults of mlt species}

seratohyal oxcavated ventrallys dersal rays 1 « 16 ,...
Spratselleidinac



Sub-fanily DUSSUNIERIINAR

2iaznopis:

*Dussunieriid fishes, with 1419 branchibtegal rays,
the first seven teo nine attached to the ceratohyal whose ventyal
edge 1s net excavated. Pre-maxilla toothed, teeth net decidueus;
maxilla with a narrov posterior supra-maxilia vhese depth 1o
about half that of the maxilla at its widess point; a second
anterier supra-~-maxilla present in some cases., Ventral scutes
absent exespt foxr a modified V-shaped scute surrounding the
base of the pelvice fins and sometimes a second triangular,
plate-~liko scute immedistely behind the pelvics.

Ho postexier fontenellss in adults, this poxtion of the
head forming a shallow, triangular depresaion, FPosterior maxgin
of pre~opsrculum not vertical dut inclined ferwaxds, ventral
margin of operculum not horrisontal dut rising postexiexly.

A small, usually little developed, fleshy eminemce ea
the postero-ventzal angle of the cleithrua, Inter-gpoxculum
barely exposed in latexral view,

Loxsal rays 16 -« 21; anal9 « 19, Transverse socales
on bedy 11 « 15, Vertedbras 52 - 56."

“Two genera, Dussumioxia snd Btxupews.

A, Pelvie fins wnder dersal dase) Swo supra-maxillae
present; anal rays 14 - 19 expesed portion of swhe
operoculum sub-rectangulay

[ B B N J mmm



33 -

B. Pelvic fins dehind dorsal basej a single suwpyra-
naxilla; anal 9 « 19; exposed portion ¢f sub

operculum triangulax

Genws DUSSUMIBRIA Valeneciennes

"Dussunieria Valenoisnnes, 1847, Hist, Nat.Poiss., 2031467
(2ype: Dussumieris aouta Val.) Mepialhiana Bextin, 1949,
hll. Inat. Qosange. Mopagn, No.8%53:7.

(2ype Nrupeus (Montalbiana) aldulina Fowler, 1934)

Body elengate, more ox less oompressed, dnows peinted,
Javs equal., Twe supra-maxillas, each about half the length
of the maxilla, Preximsl bhalf of maxilla thickened aleng its
dorsal edge, distal half flat, tip of maxilla rounded, almest
entire ventral edge dearing small conical teeth, ~Premaxillae
toothed, A single V-ahaped seoute surrounding dase of pelvioc
fins, Doxsal rays 17 ~ 21, anal rays 14 ~ 19, 20 - 34 gill~
nakers on lower part of first gillarch, Branchiestegals 14~ 20,
Vertebras 54 - 56. aAnal well behind the dorsal, whose
oxrigin is little nearer the caudal dase than the tip of the
snout., PRelvic erigin delow middle of dorxeal fin. A slight
fleahy eminence on the anglo of the ﬁuturhr margin of the
cleithrun (Cleithral flap), not 8o developed as in Spratelleidss,
but more developed than that of Birumsus. 0411 filaments of
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fizst arch shortend to acoomedate this eminence, Ventral
margin of operculum nearer to herisental than im Jixumeus."

Vhitehead (1963) xecegnised only one species namely
D. agnta. Contrary te this, She preseat author recognises
twe species namely Dussusieris aguta and D. hassel$id.

Introduction to the species of the Genus Dussumieria
Valeneienness-

The systematios of the mainbevw sardines of the Jenus
Dussupiszris Valeneiennes had been a confusing prodlea te many
of the earlier and recsnt werkers on systematies, Howevexr
. 2N Valeneiennes and 1, hegsspltil Bleekex are the twe
widely accepted species. Fowler (1941) made it clear when
he included D, elopsoides Blesker wmdexr the synonymy eof
D« aquts and D, gloposidee Ginther under L. hasseltis.
Regarding D. produotispimg Chadbanamd, Fowler (1941) states
as fellews:

"Chabanaud has described and figured a fish vhich he
refers to the Genus Dussumigria, though its entirely
different appearance suggents the Atherinidae, 7This is
seen in the elevated pectoral, tShe opposed posterier
second dorsal and anal, and advanced ventzal. ZThe
firet dorsal is unique in that it 1is well premedius

in the bdody, over the ventxal, and compesed of a spine
and % dbranched rays. It may be feund as fellows:
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Dussuniexis productiissims Chabanaud, 1933, Bull. Inst,
Oceanogr. Nonaoco, No,627:4, £ig., 3 (tongws) : 4
(111 xaker): 5 - 6 (scales) 3 1933, Bull, Bes.
Zool. France, 58:2893 Gruvel and Chabamaund, 1937,
L‘:M'_‘_ﬂ'_‘_‘_ﬁni S0 £ig. 3
druvel and Chabansud say it is mere clongate tham
Duapunieria haseeltil Bleekex, has more numercus gill rakers
(28 to 34 4in place of 19 te 24), also more numerous anal
rays (17 to 19 4in place of 16)".

Henge Yowler (1941) does not consider this as a valid
speeies and in the final analysis he considers only tws
speecies namely D. aguia and D, hasseltii under the Jenus
Dpssumjeris. But ¥hatehead (1963) brought all these species
under the symonymy of D. goutp after examining the holotypos
from throughout the range of distridbution and established
that there is only one species, D. aouty, under the Genus
Dussunisris and stated that any variation in the characters
oan clearly be correlated with geographiocal distribution.

All the earlier and reocent vorkers on thias growp
from Indian waters had recognised tvo species from this area
(Day, 1865, 1878 & 1889; Manve , 19553 Misra, 1962,
Munzo: 19673 Nair 1973 and those worked on the biology of
theso twe species from Indian waters)., Jones and Xumarena
(1980) had repoxted D. hassel$ii Bleekex <from laccadive
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Archipelago. In the landing centres also these car bdo
easily distinguished by their body shape which indiocates
the side by side ocourrence of these two speocies in the

sane geographioal area.

Aoccording to Bleeker (1872) the maia characteristics
of the tvo speaies of Dussumieria are as fellews:

1. Dussunieria aquia Valenoiennes
Length of the body without caudal 4 times the head}
this length 4 « 4Y2 times the height of body; length
of head 3 to 3Y2 times the diameter of the eye.
About 40 $0 42 soales on a longitudinal row; oppesite
ventrals at the middle of dorsal.

2. Dussunleris havselti] EBleeker

Iength of dody without caudal 3 2/3 times the head;
this length 5 times the height of body. Length of
head 4 timee the diameter of eye, adout 52 scales on
a longisudinal xow; opposite ventrals at the
posterial middle of dersal.

From the above description it is clear that 1. pouta
has shorter heasd and s brgier body than D. hasseltii which,
acoording to Bleeker (1872), has more elongated and
ocylindrical body with a greater head sise., Frem the
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difference in seele number it may also de assumed that D.aguta
haz a shertor body length then that of D. hasseltid.

The present author during the course of his stwiy on
She bielogy of D. aguta of Mandapam area, on the seutheast
ooanst of India, observed that Swe species of Dussunieris are
distinct in this avrea vhich differ from each other in many
characters, morphometrically and meristically. Ome species
has a shorter and broader dody and identified as D._ agute
and the othexr one is vith a longer and aylindxiocal body
identified as D. haspeltii. These twe species occuxr in same
areas either in aixed schools or separately and are eveam
osught in the same net during fishing, From the bedy shape,
theuse tvo species are oclearly and casily distinguishadle in
oonunercial catoh.

The scales in Dus are highly deoiducus and
it is very 4ifficult even to get a oorreat count of the
lateral line acales. Vhitohsad (1963) after examining
spocimens of all the nominal specieshithertofore desoxidbed
cane to the conclusion that the socale ocounts are unreliadle
for separating species and recognised only one species D.aguia.
In the present investigations, sonle count vas not taken inte
gonsideration and the main emphasis was in variations in
morphometric and meristic characters,
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Comparison of D, ggyts and D. hagsseltil based en the
relationship of thoir body propextions and twe imporxtant
meristic ocounts revealed the fellowing differences,

2. aguta

1. 2he maxillary length more
than the snout length. The
mazxilla clearly reaching
the front margin of eye.

2, The orxigin of dorsal <fin
Y2 its eye diametex behind
the middle of bedy.

5. Vonsral fin oxigin mere
than 3/4 diameter of eye
behind a vextical froam
dersal orgin,

4. Depth of head more than
double the sidout length.

5. Depth of body slightly
more than hesd length.

6. Depth of caudal peduncle

alvays mere than maxillary
length.

7. Length of stoxmach far less
than half the pre-dorsal
length.

2. haspeltil

The length of maxillary
equal to or less than
the sneut length.

Origin of dorsal fin oclearly
an eye diameter behind
aiddle of dody.

Ventral fin orxgin Y2 eye
dianeter behind a vortioal
froa dorsal origin,

Depth of head leas than
double the snout
length,

Depth of body much less
than head length.

Lepth of caudal peduncle
loss than rarely equal te,

saxillary length,

Length of stomach moXe
than half the pre-dersal
length.



10.

it.

12,

13.

Iength of stemackh cascum
equal $0 maxillary length,

Iength of cavdal fin almest
egual its head length and
alvays mexe than thrioce ite
eye diametex.

2re=pectoral length mere
than $hrice that of anout
length and ecual to thrioce
the maxillary length.
Pre-anal length slightly
le88 than three times body
depth.

Number of pylorie onecae
30 = 44.

Number of vertebrae 5354

204y _properkions:

The range, mean, standard deviation and standard exxow
of 16 morphometric bedy proportions of D, pouts and

D. haspeltiy vere studied of which two charaocters vere
analysed in perocentage of total length and the rest in
pexoentage of siandard length.
snout length, maxillary length, eye diameter and depsh of
head werxe further studied in percentage of head length alse.
In additiom to these, 8ix meriatio characters viz, numder of

Length of stomach easowm
nearly doudble the maxillary
dength,

lLength of eawdal fin
alwvays less than head

length, and nearly thrioce
1%s oye diamster.

Pre-pecteral length Shrice
that of snowt length.

Pre-anal length nearly
S 3/4 times dody depth.

Number of pyloric eacoae
54-73.

Bumber eof vertebrae $59-60.

Four measurements namely
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dersal fin rays, number of pectexal fin rays, number of anal
£in rays, number of gill raekexs, numder ef pylorio ocaeocae
and number of vertedrae were alue examined of which the

last three charagtors were analysed in She adove line. The
details are given in Table | and represented graphieally ia
plate II, Rigs. 1=-235. The peroentage ocourrence ¢f each
species within the overlapping ratie of body propertions are
given in Table 2. It cowmld de seon that there is no oves~
lapping betvween species in the propoxrtions of fork lengsh.

14BLE 1

DATA OF MOGPHOMBTRIC AND MERISTIC CHARACTERS IR D. AGUTA AND

2. HASSRIZIL
81, Ne. . Ssandazd Standaxd
No, Cpharactezs . ) lange of % Mesn % 4 o ioiion  Brrer
! 2 3 G 5 6 7
In % of Tota) length:
t. Pork length
2’ m 25 a‘o” -~ “003 84099 00“’7 000927

2. havoel$il 2% 86,06 - 88,82 87.45 0,597 0,118%

2, Standaxrd length:
2. aguta 25 T7.97 - 80.99 79.72 0.8415 0,.1683

D. hazmeltfd 25 81,48 - 83,80 82,64 0.7257  0.1447

Continned. -



Tadle t (Continued)
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t 2 3 4 5 é 7
in % of etandaxd lengih:
3. Head length:
8. aguts 25 23,7t - 26,67 25.30 0.6086% 00,1372
20 w 2% 24.00 - 27,68 25.59 0.8709 0.1742
4. Snout lengihs
20 m ?S 7.5‘ - 8085 3.37 0.’8'2 OoW‘l
D, M as 8,00 - 9,89 8.94 0.5062 0.%1012
5. Haxillary length:
2. aouta 25 3,18 = 9.8 9.00 0.3907 0.078%
D. havpeltid 25 8.00 - 9.89 3,89 0.5092 0.1018
6. Bye diametexs
20 m‘ 25 6.9‘ - 8.1‘ 70“ 00297‘ 0.0’”
D. hasse)til 25  6.30 ~ 8,04  T.05 0.4503 0.0901
7. Pre-doresl length:
D. pcuta 28 51,06 - 55,95 53.82 11,1688 0.23%8
2. hagsel$ii 29 54,95 - 59.33 57.17 1.003% 0.2006
8, Pre-pectoral length:
D. agwda 25 26,09 - 28,32 27,23 0.5326 0.1065
D. haugeltil 25 25,33 = 29,46 27.03 0.9490 0O.1898
9. Pro-pelvic lengths
2. asuta 25 56.70 - 62,61 59.55 1.4504 0.2901
BD. hasselisis 25 57.69 - 62,60 60.82 1.05%0 0.2110

wwmmaes  C0RE INVGAw

=

— o



Tadle | (Comtimued)

1 2 3 4 5 6 7
10. Pre-anal length

20 m 25 75.83 - 81.3¢ 77.92 1.5328 0.’“5

D. hascoliid 25 Tl = 80,00 768,07 1.0204 0.204%
11, Yepsh of teads

D. acuta 5 16,36 - 18,27 17.31 0.4922 0.0984

d. hasselsii 25 135,51 - 16,07 15,05 0,5628 0.1126
12, D.pth of Bod"

P. pouts 25 23.,7% - 30.%3 26.%7 1.63%57 0.327%

D. hasselitii 25 19,19 - 22,73 20.92 0,.8578 0,1716
15. Depth of caudal pedwunole:

U. hpsselil 25 T7.76 ~ 9.57 8.41 0.4568 0,0918
t4. length of caudal fini

D. hasseltil 25 18.7% - 22,73 21.01 11,0568 0.2114
15. Length of stomachs

D. acuta 18 19,13 = 22.12 20,48 0.8943 0.2108

L. bazeelsid 18 24.67 - 34.04 29.92 2.0036 0.4723
16. lengtlh of stonach cseounmt

D amia 18 7.14 « 10.68 8.9% 0.9124 0,215

D, hasseltis 18 15,04 -~ 21.37 (7.7 1.7923 0.423%

Continmied
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1 2 4 5 é 7
In 2 of Head lengthi
17. Snout lengthi

£ amia 25 29.17 = 3537t 33,09 1.3690 0.2738

&+ barseltll 25 32,43 ~ 37.46 34.94 1.5790 0.3150
18. Maxillary length:

D. aguts 25 352,14 - 39,13 35.60 11,8719 0.3744

D. hasseltid 5 51.25 ~ 3846 34,70 1.6663 0.3333
19. Eye diametex:

. aoute 25 27,59 - 32,00 29,57 1.0370 0,2074

D. hesseltil 25 25.00 - 290,17 27.43 11,1652 0.23%
2. Depth of Kead)

D. aonta 25 62,50 - 73,91 68.46 2,9164 0.5833

L. hasseltis 25 94.0% - 62,16 58,77 2.09%9 0.4192
21. Xumber of @111 rakaers:

D. pouvin 25 30.00 - 37.00 34.04 11,3850 0.2770

D. hangeltid 25 352,00 - 37.00 34.32 1,3684 0.2737
22, iumber of pyioric omeocae:

Ze anta 25 30.00 - 44.00 35,16 33,7157 0.7431

. basmeliil 25 54.00 -~ 73.00 60.%6 4.9629 0,9926
23, Humber of vertebrae:

B. aouts 25 53.00 - 54,00 93,60 0.5000 0.1

D. basseltii 25 59.00 - 60.00 59.24 0.4759 0.0872




- 44 «
TABIR 2

RANGE OF OVERLAPPING 1M THY NMORPHOMBIRIC ASD NZRISTIC CHARACTERS

OF D.AGUZA AND D.HASSEIZTL

FISH VITHIN " THS OVERLAPRISG RARGE

ARD ZHE PIROBLTAGR OCCURRENCE OF

81. Eange of D. souts 2.hasselilil
No, OJharacters ovexlapping s 5 D
1 2 3 4 5 é 7
Sharacters in _percentage

of toad lepsgths

1. Fork length | $2 3 8 - a8 -
2. Btandard length ril 25 = 25 -
Sharsotexp Ap pexycontixe

of _stapdexd Jlepngthi

3. Hewd length 24.00 = 26,67 a5 <6 2% 92
4. Snout length 6.00 - 8.9% 2% 7€ 29 52
5. Maxillary length 8,18 « 9.80 100 25 84
6. Bye diameter 6.96 ~ 35,04 % 36 25 60
7. Pre-dorsal length 54.95 - 55.93 25 16 23 12
8. Pro-pectoral length 26.09 - 28.32 25 100 25 a4
9. Preo-pelvic length 57.69 « 62,60 2% 88 25 100
10. Pre-anal lsngth 7€.1% « 80,00 25 92 25 100
11. Gaudel fin leagth %11 25 - 25 -
12. Depth of head nil 25 - 25 -




Tadle 2 (Continued)
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1 2 b 4 3 ¢ 7
15. Depth of body 51 25 - 25 -
14. Depth of caudal

peduncle £ 25 - a3 -
15. Stomach length | £ 61 18 - 18 -
16. Stomaoh caecum

length Eil 18 - i -
Shaxpolere in perqontasq
of head lepgth:
18, Maxillary length 31.14 - 38,46 2% 96 25 96
19. Bye diametex 27.59 - 29.17 2% 40 25 40
20, Depth of head r) 2% - 25 -
Hexietig ohgragtera:
21. Number of gill

rakers 32,00 « 37.00 2% 96 2% 100
22, Numbor of pylorio

onecae Wil 25 - 25 -
23, Xumbder of vertetrae Nil 25 - 25 -
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TABIE 9

SUN OF X, Y, X3, Y3, AND XY OF MORPHONETRIC OHARACTERS OF
£-AQUZA AHD B. RAGRRARIL

8l. smaracters ¥o,

No. gien * T e
1 2 S 4 S ¢ 7 o
f. Zotal length yg.
York length
B. peuts 25 3397 20887 464823 335703 395020
D. hasseltdd 25 3731 3263 569495 435705 498116
2. Zotal length yg.
sgandard le
D. aguta 2% 3397 2709 464823 295817 370795
D. hamseltsl 25 3731 3084 569495 333290 470829
3. Standard length Y8.
Head length
P. aguta 25 2709 685 295817  18%0% 74754
D._basceltdd 25 3084 788 389290 25298 99057
4. SOLO [ ]
Smt‘!uﬂh
2. agusa 25 2709 226.50 295817 2076.2% 24710.00
D. hasseltis 25 084 2T4.00 389290 3045.13 34378.75
s. 8,1, y§.
xhxugxy length
2. agata 25 2709 243.50 29%817 2388,75 26558,%0
D. hesseliii 25 3084 272,50 389290 3012.7% 34196,.50

Cont inved
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Padble 3 (Centinued )

1 2 3 4 5 6 T s
6. S.L.dﬂ-"“

Depouds 25 2709 202.50 293817 1652,7% 2209%5.00

D.haspeltii 25 3084 215,50 389290 1384.75 27035.50
T. S.L; 8.

Pre~doxeal length

D.aguta 25 2709 1459 295817 B5945 159416

D.bpsseltss 25 3084 1766 389290 128062 223250
8, 5.L. yg.

Pre-pectoral length

2.a9qkp 2% 2709 137 295817 21863 80401

D.hagseltdd 25 3084 831 389290 28111 104549
9. Pro-p!%VIO lerngth

D.acuta 25 2709 1618 295817 105397 176526

B.hagneltdl 25 %084 1878 380290 144758 237340
10. g.x.. e, Length

D.ecuty 25 2709 2112 295817 190048 230744

D.hesoeltis 25 3084 2410 389290 258212 3504496
11, 5.1, e,

candel f£in length

D.acuts 25 2709 688  29%817 19050 74978

D.haseeltis 35 3084 646 389290 17078

Yontinued

8l4t1




Table 3 (Continued)

1 2 3 4 -] é 7 [}
'ao '305. ®
dopthxgt head
D, aguts 25 2709 469 295817 8879 51230
D. Bpsseltil 25 3084 463 389290 8743 58296
',' SQL' L)
dopﬁhzgf body
D. acyta 25 2709 ™ 295817 20569 T78%6
D. hangeltti 25 3084 647 389290 1723%3 ote80
14. 8.L. va.
dopth-gf caundal
peduncle:
B. acnta 25 2709 282.50 295817 3214.25 30816.00
L. hasgelitl 23 3084 258 39923¢  270%.50 32411.50
"o B.L. vS.
utmi length
2. aguta 33 1950 399 208524 G739 42650
D, happeltiy 18 224 669 206268 25429 85086
16. 3.L, vg. ztomach
cascun laongth
V. pouta 18 1930 173 208524 1693 18707
B. hperejtil 18 2244 399 286268 3209 51093

-Oontinued —_—
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1 2 4 ] 6 7 8
17. Head length ¥3.
snout length
D. amda a3 683 226.50 18905 2076.33 6246.5%0
8. haspeltsl 25 788 274.00 25298 3055.63 8769.75
'0. BQL. ]
mﬂ.ﬂﬂ length .
2. aguta 25 685 243,50 18905 2388,75 6711.%0
2. bapseltil 25 788 272,50 25298 3012.7% 8722.00
19. #. 1L, [
uma.z »
D amita 25 685 202,50 18905 1652.75 5586.%0
20. H, L. o "’“
of !oa:
P- aguta 25 685 469 18905 8879 12948
D. hasseldii 25 788 463 25298 O743 14962

8.L. = 3tandaxrd length;

H.L, = Head 1.“”0
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TABLE 4

RESUILS OF THE ANALYSIS OF COVARIBNCR TRYT OF MORFPHOMETRIC
CEARACZERS OF D. ACURA AND }. RASSRIZIX

'B'Values Results of covarience

31,
%o. Charactexe 2. D.

..".mm
Diffe A% Diff- At

A9NSA Das2el¥l erence the eremm the
in  level in edo~ 2wl

- slope __ef  vetices _ef

f. Total length - Fork length 0.8443 0.879¢ 8 g% 8 1%
2. Total length - Standaxd

length 0.832% 0.8339 58 8 1 } 2
% ﬁ,‘:ﬁ:" length - Head o 2324 0.2090 188 B s%
4. 8,L, ~ Inout length 0,0733 0.06%53 K8 & 1%
S, 8,L. ~ Naxillary length 0.,0761 0,0657 N8 ns
é. 8,%L, ~ n’. dianeter 0.0670 0.0510 N8 8 5%
7. 8,L. ~ Pre-dexsal length 0.%810 0.6099 18 8 1%
8. 8,L, -~ Pre-pectoral langth 0.2378 00,2302 X8 K8
9. 8,L.~ Pre=pelviec length 0.6717 0.6409 N8 8 %
10. 8.L, ~ Pre-anal length 0.8317 0.8136 13 ns
14. 8sLe ~ Opdual fin l.wh 0.1878 o."“ RB 3 "
13. 8,L. -~ Depth of Bedy 0.3578 0.23%% & 1% 8 1 }
14, 8.L, ~ Depth of caudal

pedunale 0,0900 0,066% 3 5% 8 i
16, 8,L, - stomach easounm
length 0.0994 0.2073 8 58 8 1%

17. Head length -~ snout

length 0.2971 0.2896 K8 8 5%
18, H.L. - Bye diameter 0.2794 0.2334 K3 . 1%
'90 Helw =~ mum, 1“"‘ 0.2912 0, 288% 3 ’“ 1)
20, H,L. -~ Depth of head 0.6941 00,5828 8 8 1%

8.L. = Standard length; H.L, = Head length; 5. = Significamtg
.8 = Nonsignificant,
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standaxd length (both in % of T.,L.), cawdal fin length,
depth of head, depth of dody, depth of caundal peduncle,
stemach length and stomach eascun length (all 4n % of 8.L.).
The depth of head in perxrcentage of head length alse 4dees not
show any overlapping. Regaxding the pre-dorsal length, it
nay be notiesd that the peroentage of everlapping is consi-
derably less as ocnly 16% of B. aouta and 12% of D. hagselitsi
oams undexr the overlapping range.

Out of three meristic characterxs, numbexr of pylerio
casces and number of vertedrae showed clear variation
between the tvo species witheut any degree of overlapping.
The number of gill rackers were almost equal in both the
species,

Furthexr, the actual values of different morphometrie
characters of the tvo species vere plotted in scattex
diagrans in Plato Il1I, Fige., J-11 and Plate 1V, Fige,1-5
and the regressions £itted using the least square aethed.
The fork length and She standaxd length werxe pletted against
the total length and the rest of the charactors against the
standaxd length, Snout length, maxillary length, eye
diametor and depth of head were further ploted againast the
head length. (P1, IV, Figs.6-9).

The summations of X, Y, x’; !2. and XY are presented
in table 5. Te study the significance eof variation in the
regresnions, analysis of co-variance test was empleyed for
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each character of the twve spocies, The ‘B’ values and the
results of significant test ¢f the slep and elevation of
the regressions of the twe species are given in tadle 4.
It may be notieed froa this table that the difference in
slope of regressions between the species vas significant
in regaxd to tetal length - standard length, standard
length - depth of head, standaxd length - depth of bedy,
standard length « depth of caudsl pedunclo, standaxd
length -~ stemaeh length, standard length - stomsach casocunm

length and head length - maxillary length, The elevation
of rogressions showed significant diffexrence in all the

characters exoeps for standaxd length - maxillary length,
standard length - pre~pecteral length, standaxd length -
pre~anal length and head length - maxillary length. The
results of these analysos further shewed that the diffexrences
ia bdoth the slope as well as the elevation of regressions of
thene twe speocies were nonsignificant only im respoot of
thxee characters namely standarxd length - maxillary length,
standaxrd length « pre-pesoteral length and standard length -
pre-anal length, Regardiing all othexr characters either the
slope or the elevation of regressionas shewed signifiocant
differences, All these show that these twoe species are
elearly distinot from each other and camnot be greuped wndew
one spoeies, Henos re—estadlishment of D. hasneliti Bleeker
separated from D. aguta Valenciennes is highly justifiable.



PLATE 11

Range, mean, standard deviation & standaxd orrox of
morphometrioc and meristio ehearacters of Dupsumieris

aouts snd D. hasseltid.

rig. 1 Poxrk length in perxrcentage of total lengsh.
Tig. 2 Standamd length in percentage of total length.
Pig. 3 Head length in percentage of standaxd length.
Fig. 4 3Snout length ’ Y

Fig. 5 Maxillary length Y 7

Fig. 6 Bye 4iametex 'X) ’

Pig, 7 Pre-~dorsal length ’e 'Y

Fig, 8 Pre-poctoral length ,, v

Fig. 9 Pre-Pelvic length ’s ’0

Fig. 10 Pre-anal length "0 Y)

Fig. 11 Depth of head o9 "

m. 12 Depth of 'body 'Y 0

Pig. 13 Depth of cavdal pedumcle 'Y

Fig. 14 length of ocaudal fia ,, ’

m. '5 hﬂ‘th of stomach 'Y 'Y

Fig. 16 Length of stomach cascum ”»

Fig. 17 8nout length in percentage of head length
Tig, 18 Maxillary length P 'Y

Tig. 19 Bye diametox ’ 'Y

¥ig. 20 Depth of head 'Y Y

Fig, 2t Bumbexr of gill rakexs
Numbex of pyloric ocaeocae

22
Fig. 23 JNumber of vertebrae.
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PLATR IIX

Scattexr disgram, fitted with regressions, of -
morphometric characters of Dussunisris acusta and
B. hasseltis.

1 Fork length against total length

2 Standaxd length "o

Y Head length against standard length
4 Snout length e

% Maxillary length "o

6 IZye diameter ”e

7 Pre-dorsal length ’e

8 Pre-pectoral length o0

9 Pre-pelvic length 'Y

10 Pre-anal longth 'Y

11 Caudal f£in length )
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PLAZE IV

Scattexr diagrams, fitted with regressions, of
various morphometric characters of D. aguta

and B. hasseltil.

Depth of head againat standard length

Depth of body o
Depth of cawdal peduncle ,,
dsomach length Y)
Stomach caecum length »e
Snout length againat head length
Haxillary length 'Y
Rye diametor -
Depth of head .



el 0 Y QYD es Wt YV'S
[ 4 ”’ [ .3 113 ot [ 14 o« (24 (-] (-] [-_{] (_{} (1} (1] (- ] [

'
o
L]
et
WK Nt WYd BAY

«

@Y QUi
ot o€ [ 3 e of [ 1]

— Y g A

. = .
. e o o _a
L] o & o
g
o L] P -
a - \\. L]
. P -
—
-
\\
v_ -
-

IWLIB8SVH MUINGONG =
HioNDT GNVENVIS - $ ViNOV ViNNmNeSng ¥

[ ] z « ~ O
~N NN
WKW NI AQO@ 40 Wid3Q

. ~
» oA N

]

L4
»

-
2
Lol

.
<

-~ -
Wi 0 TINNA3d WOWD 40 Hid3d

|




Out of the six meristio characters studied the
frequensy distridution of feur, such as doreal fin rays,
peatexal f£in rays anal fin rays and gill rakers (toetal numberx)
of the twe species were analysed statistiocally te test the
oquality of propextions, forthwith to dotermine vhether there
is any signifieant variation bPetween the two ox not. Zhe
aumber of pylorie cesces and vertebrae whioch do a0t show
any degree of overlapping were not subjected te this tess,

The formula employed was that givem by Fisher (1950, p.87)
whiock is as follows:

where a;, = The number of specimens of D. aguta im variouws

oounts,

P = propertion of the aumbor in each count of
D. aoxia in the total for that count for
2. amuta (&) and . heapeditd (ag)s .o,
p=ay/ 8y g

nq - = the total number of specimens of D. agquip analysed.

» = the preoportion of the nunder of specimens of
. 20¥8a examined, in the total numder of
specimens of D, aguta (n,) and D, hasselsis
(.2) i.0, ’ - “/ n‘ * nz.

§ = 1-3
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Farthex the ehi-square valwes and theix assceiated
Degree of Freedom (D.F.) and the ocorxresponding probability
linits are tabulated. The results of the snalysis of the
above mentioned four charactors are preseanted in Tadle 5.
Dorsal £in rays: In dboth the species 4 undranched and 14 te
16 dranched rays are present, the total range of all the
rays being 18 - 20. The frequency of scourrenco of the latter
is given bdelow.

Dorsal fin ocounts No. fish
Gpecies 18 19 20 examnined

B. agxta 1 " 8 29
D. basgelsis 3 20 2 25
Total 4 36 10 50

The ocaloulated chi-square value was 5.04 te which the valwe
of 'P' is detween 0,05 and 0,10 (Tadle 5)., This shows that
the variations are nemsignifiocant and cannet be considexed as
a Specifie character for differentiating the two species,

2eotors) £i0 Zays: In bdoth the species one uddranched rxay
and in D, goutp 1 - 12 and 42 D, haspeltil 11 « 13 Dranched
rays are present, The range of tetal rays belong 12 - 13 fox

D. agxtp and 12 -~ 14 for D. hagesliltili. The frequemcy is given
bdow, The chi-square value was caloulated as 1,22 t¢ wvhich
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the 'P* valus is detween 0.2 and 0.3, and henoe no sigaificant
vazxiation (Table S5).

i

Species Number of pectoral fin rays FNo.,of fish
o= - oxanined
12 13 14
. aouta ¢ 19 = 25
R. bhaseellil 3 20 2 25
Total 9 39 e $0

Apal fin xays: In bdoth tiu species J unbranched rays axd 12 - 14
branched rays are present, the total range being 15 -« 17 numbexs,
The frequency of occourzence is given bhelew.

N¥umbor of anal fin rays No, of fish
Species
15 16 17 examined
D. acusa 13 9 3 25
2. hanselsil 12 1" 2 25
Totals 23 20 b 50

The chi~square value was found %o be 0.44 to whieh the
'P' was 0,8 = 0,9, The variations were found te be non-signi-
ficant (Tadle 5),
9111 xaker ocountss~ Zhe numder of gill rakors of tho upper and
the lover limds of the left ocutermost gill arch was oceunted,
The observed frequemoy for both the species is given delow.
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Fumber of gill rakers No.ef Lish
31 32 33 34 35 96 37 °xauined

= = S -— S ————

D. aguss 1 - 1 5 10 S : 1 25
D.baseeltid - - 2 5 8 4 S5 25

TABLR S
OHI-~-SQUARE VALUBS FOR 4 MERISTIC OHARAOTFRS OF D. ACUIA
ARD D.BASSBIZII AYD THE LEVELS OF THEIR PROBARILITY
81, Chi-square D‘g"‘
Charagters o Value of 'p°*

Ke. valune freedon

&, Pectoral fin raye 1,22 Between 0.2 and 0. 3 (N8)
3. 4nal fin rays 0.44 RBetween 0.8 and 0. 9 (!8)
4., 0411 rakers(total)?.62 Betwoen 0.8 and O, 9 (N8)

N8 = JNon significant,
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The chi-aquare value was found to de 1,62, %e which
the 'P' value 18 0.8 = 0.9 and hence the variations were
nonsignificant (Tadle §).

This reveals that the adeve mentioned feuw meristie
charaotors do net show any significant variation detween
these two species.

Desoxintion of spesies

t. Dussunioris aouts Valenoiennes 1347. (Pl, V, Pig. 1)
Dussumiezia acuta Valenciennes, 1847, Hist. Na%. Zolss.,

20: 467, pl 606 (type locality: Rombay, Coromandel);
Cantor, 1849, Jouxn. Asiatic Sog. Bengel, 18; 1268
Jexden, 1851, Nadras JeurR. Lit. Sed.. 17¢ 145;
Bleekex, 1833, Vexrh. Batay. Sengptsh, 25: 73(refexence))
Knexr, 186%, Reise Nevara., Fische s 330; Day, 1863,
Fishes of Malabar: 2263 Gunthexr, 1868, Oat. Zish.
Ex4%. Mik.» Ts 466; Bleeker, 1866 - 72, AS1ap Iohth.
And. Neexland., 6194, »1.(13) 271, fig.1; 1868,
yexsl. Neded. Akad. ¥eb. Ameferdam, sexr. 2, 21173
1874, Nedsrland. Zildechx. Diszk.. 41 118; Day, 1878,
Zishes of India, pt.4: 647, pl. 166, £ig. 43 Bleeker,
1879, Yaxh. Akef. ¥gt. Amstexdam, 18t 33 Macleay,
1884, krog. linp. Beg. JNex South ¥alss, B:1 278)
Steindachnexr, 1907, Denkpchy. Akad. Yiss. Yein.
Bath. pat. ki., Ii. pS.Vs 157; Bean and Weed, 1912,
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2xee. Ua8. Hal. Kug.,» 43¢ 5903 vebew, 1913, Sibega
Bxped.» Tisohe, 57: 3; vWeber and Beaufort, 1913,
Zishes Inde-Australisn Archinelase, 23 21, fig. 13)
Yowler and Bean, 1923, Rrpf. U.B. Jak. Xug., £33 2y
Hoxs, 1924, Hem. Asiatig 30g. Benaal, £+ 481y
Chabanswd, 1926, Jervies Qceapssx. Rechap Inde-Ching,
! Note:7; Vimeiguwerra, 1926, Apn, Mup. Giv. $tex. Mal.
Eat. Genova, 8¢x. 3, 103 6223 ZFowlex, 1928, Men.
Rishop Mug.» 10: 30 (ocepied); ~Pillay, 1929, dewpn.
Eoghay Hat. Hist. 399., 23 (2)3 3555 Zaxant, 1929,
Servics Qoeanogx. Eeches lude sShips. 6 Note: 122p
Fowlem, 1929, Prog. Agad. Nad. Sai. £hiladelohias
598; Daraniyagala, 19353, Ceylon JouUER. £8i.» St 823
Fowler, 1934, Prog. Acad., Eat. Soi. Zhiladelohis, 86!
69s Roxas, 1934, philippine Journ. Sci...5%3s 251, pl.t
24g.5 (scale): Fowler, 1935, Prog, Acsd. liat. Sai.
Philedelphia. 89: 1303 1941, _3Bull. U.S, jat. Hus. 13
(1003 5703 Bertin, 1943, Bull. Inst. 0ceanogr. MoDAGS,
No.83: 3, fig. | (scale) and 2; liang, 1948, Suaxt. 4.

Taiwvan Mus., 112; Monroe, 1955, Marins apd Zresh watex
Liabh, Sexlaons 28; Fowler and Steinits, 1956, Bull. Res.

Seung. lazead, 5 B (3=4):1261,
Duasunieria siopeoidep BRlesker, 1849, Verkh. Batay. Senactsoh..

22:112; 1868, Vere). Meded. Akad. Vet. Apsterdan, sex.
2, 23 294) Gunthex, 1868, Oat. Fish. Bxit.Mup. 7:466.
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Diagnosiss
Dodv 14163 A, 118 12-143 P.1 11133 v, & T} G, R.30=373
Vextodbrae 93 « 543 Pylorio ocaseas 30 - 44,
In peroentage of total length; foxk length 84.33 - 86.0%,
and standard length 77.97- 80,99,

In pereentage of standaxrd length: head 25,7V -~ 26,67,
snout 7,56 - 8,85, maxillary 8,18 <« 9,80, eye 6,96 -~ 8,16,
pre-dorsal 51,06 ~ 55,93, pre~pectoral 26.09 - 28,32, pre-pelvic
56,70 -« 62.61, pre-anal 75.53 - 81.31, depth of head 16,36 -
18-27, depth of body 23,71 « 30.33, depth of ocaudal pedunele
9.73 =« 11,54, oaudal fin 23,53 - 28,26, length of stomach
19,15 « 22,12 (empty and shrunken) and length of stomach ceacum
7.14 « 10,68 (empty and shrumkem).

In percentage of head lengths: snout 29.17 - 35,79,
maxillary 352,14 - 39.13, eye Aiameter 27,59 - 32,00 and depth
°f h..d 62.50 - 75.9‘0

The maxillary lemgth more than the smout length, the
maxilla clearly reaching the fromt margin of eye, Oxigin of
dorsal fin Y2 eye diameter behind the middle of body., Ventral
fin origin more than 5/4 diameter of eye bdehind a vertieal
from dorsal origin, Depth of head more than double the saout
length, Body depth slightly meze than head length. Depth of
cauwdal peduncle alvays more than maxillary length, Ilength
of stomach far less thah half the pre~dorsal length and the
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ooacun equal %o maxillary lemgth. Length of camdal fin almest

equal its head length and always more than thrice its eye
dianetor, Pre-pecteral length moxre than thrice its smout and
equal te thrice the maxillary length, Pre-anal slightly lees
than three times its dody depth. Maximum sise 167 mm,

Colour: Bluish grey dorsally and silvery white belev. A narrow
latexral band of silvery gray vith a golden tinge extends.:

from operole te caudal dase, Ventral and anal fine white,
othexr fine pale with dusky maxrgin om caudal edge, First rays
of dorsal and pectoral dusky. 3Snout pigmented. Rye white.

Distridution: Hast coats of Hediteranean, Ked Hea, Gulf of
Aden, Rast ocoast of Afrigs, Madagaskar, Gulf of Iram, India
(ennt and west occasts), Ceylon, Malay, Peninsula, Singapore,
Pinang, Rest Indies, Philippines, Chima wp to Foochow,
Inhabdits coastal watexs. (P1l. VI),

2. Dussunieria hangeltil Bleeker 1850 (P1.V, Fig.2).
Dussumjeyip basseitli Pleeker, 1850, Iiids. Hedexlapd,
Jndie, ts1 422 (Sype localitys Patavia, Chexridboa, Samarang,
Surabaya); 1852, Verh. Patay. Sepootsch., 24t 13) 1866-72,
Atlap Iohth. Ind. Feexland.., §:95, pl.(13) 271, fig. 2
Day, 1878, ¥ishes of India, pt. 41647, pl.166, £ig.51

1689, faupa British Indis, X¥ishss, 1! 399; Jordan and
Richardson, 1507, juld. Buk. Zishax. 27: 236, 1903
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Bean and Veed, 1912, Rrec. U.8. JNat« Mus., 43 5903

Veber and Beaufors, 1913, Fishes Inrdo-Australian
Archipelagn, 21233 Ogildy, 1913, Mep. Susessiand Xum..» 3t
1543 1916, Nam. Suesnsland Mus.,» 5: 963 Zfowlex, 1918,
Copeda, B. 58162; 1924, Journ, Bombay Nat. Hisd. BSes.
30(1): 393 Delsman, 1925, Ixeubia, 6: 297 (young))
NeOullooh and Whitley, 1925, MNem. “usenifland Mub.,

8. pt. 2¢ 151; Fowler, 1927, REog. Aged, NHas. Sci.
Philsdelphis, 79t 236; Fewler and Bean, 1927, Pyog. L.B.
Eas. Males 210 1) MNoCulloeoh, 1329, Ausireliap sns. Mem..3:
37; firant, 1929, Sexviss Qosanca&x. Rechas Inde-Shinms,

6 Note: 122; Hardenberg, 1931, irewbia, 13, live, 1:1100;

Fowvler, 1931, Hong Kong Nat. 2: 113; Chevy, 1932, Inss.
Qoeanssr. Indechine, 19 Note: 8; liexxre, 1934, Fishes
Herxze Ehilieping lxped. 1931s 14; hoxas, 1934, RhiliRning
Journ, Sol., 551 252, pl.1, fig. 2 (scale)s Loxas mnd
Maxtin, 1937, Dept. Acx. Yomma Manila lech. Budd.. £122
(reference); Herre and lyers, 1937, Lafiles Mus. Buld.,
Ho.13: 12; Fowler, 1938, List, Fish. Nalaya: 24 (reference);
1941, Bulld. U.5, Bat. Mug.» 13 (100)s 572; Bertim, 1943,
Bull. Inst. QOceanogr. Nonaee., No. 85316, fig. 23 Sohults
and Wellandex, 1953, Bull. U.3. pat. Mus., N0.202:25;
Munro , 1955, Marine spd Freshvatex fish., Cexiom: 28y
Fourmanoir, 1961, Mem. Ipsi. Sci. Madezavker. (F) 4184,
tig. 1.




Dussumieria hasselssi. Webexm, 1913, fibosa Rxned., 57, Yisehe:
3¢ Hors and Mukexrji, 1936, Eeg. Indian Mus., 38:18.

Dussuniexia elensoides (net Bleekex) Uinthex, 1068, Oa%. Zish.
Brit, Nus,, T:1466; Meyex, 1805, Aunal. Sog. Bepad. Hisl.
Nat. Nadrid, 14: 42; Rera, 1895, Oat. Fauns Filin., it
584; Joxdan and Evormans, 1902, 2res. U.B. JMal. Mus. 2%t
528; Dumeoker, 1904, Nitt. Eatun-hist. Eus. Hambuxg, 21:
1863 Powler, 1904, Jomrn. Acad, Hav. Soi. Rhiladelohia.
gor. 2, 121 5013 Jordan and e-ale, 1906, Pull. BuR.
Figher., 26: 5(1907); Jopdan end Richardson, 1907, Rmld.
Sug. Iieher., 27: 236 (1908); 1909, Mem- Carnsigia Mus. .
11166 (copied Jordan and RBvermann, 1902); Fowlepx, 191%,
2rog. Acad. pat. Soi. Pailadelohias : 205.

Rlops javaniocus (Kubl and Van Hacselt) Bleeker, 1866=T72, Ablal.
achth. Ind. Besxliand., 6:95.

Sugsunieris aguts (pars) Day, 1878, Yishes of India, pP.41647.
Diagnoeis; ‘
D iv 14 = 165 A, 2121 12-14) Po 1 11=133 V, i Tg G.R,32-37
Vexrtebrae 59-603 Pyloxic caecae 54-79,

In percentage of total leagth: fork length 86,06 - 88.82)
standaxd length 81,48 - 53,80,

In percentage of standaxd length : head 24,00 - 27,683 snous
8.00 = 9.89; maxilla 8.00 -« 9.893 eye 6.30 - 83,04} pre«dersal
54,95 « 59,353 pre~peoteral 25,33 « 29,463 pre-pelvic 57.69-62.(
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pre=anal 76.1% = 80,00} depth of head 15,51 =« 16,073 depth
of dody 19,15 « 22,79 depth of cawdal peduncle 7.76 = 9.57;
cavdal fia length 18,75 « 22.73; stomach length 24,67 - 34.04
(empty and shrwnken) and stomach ceaeun length 15.04 « 21,37
(espty and shrunken),

In percentage ¢f head length; snout 32,43 - 38.46; maxilla
51.2% « 38,46) oye dianeter 25.00 ~ 29,17 and death of heed
54,05 - 62,16,

The maxillary length ejual to or less than snout lemgth,
origin of dorsal fin clearly an eye diameter behind middle ef
beody, ventzral fin origin Y2 eye diameter behind a vertical froem
dersal origin, depth of head less than double the snout length,
depth of body much lese than head length, depth of caudal
peduncle less than, carely equal to, maxillary slength, length
of stomach ceaoum nearly doudble the maxillary length, length of
caudal fin alwvays less than head length and nearly thrice its
eye digmeter, pre-pevtoral length thrice that of snout length
and pre-anal length nesrly 3 5/4 timee body depth, Maxisum
sise 205 mm,

Uslowur: Upper half dark greenish bdlue with a narrov lateral
band of silvery gray with a goldem tinge extending frea wpper
opexculam to caudal base., Silvery white on =2ides and delly.
Yorkal edge of oaudal black., Clorsal and pectorazl fins pale
but the first ray dusky., Ventral and anal fins white. Upper



PLATR V

Photographs of tvo species of Dyssumieria

Fig. 1 Dussumiexia acuta
Mg. 2 Dussunieris hasseltil
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PLATE VI

Map showing the world distribution of Dupsumieris spp.



pord

| Gl
bm =n A T L b-o J b—w ho-' IO-ﬂ _onq
|
- 4.0¢
— r !
Mg 1L 13ISSYHO-@ 4
IDA VLNDV ¥ 43INNSSNA -V .ﬁn.
0“ VI8 vonsvar - —
Yas S~ _
N ﬁ
NVIOO  NVIONI _
|9}
/ |
| \ _
{ o S | y o _
' vand 4 ’.‘ vouis ‘ X, vis weigeve “
L NY3ID0 D1410Vd wanes o - o
”, C.
v J -
()
(212 .\J.
ryind >
A\ Log

OIS AV INPNETi0MN




- “ -
surfaee of eye and heald ememald green., Snout strongly
pigaented, IRye white.

Distxidution: BHast and vest ceast of India, Ceylon, Burma,
Malay peninsula, 3ingapexe, Iast Indies, Philippines, Fermasa
(Paivan), Ohina, Queensflanrd and Nexth Eaat coast of
Australia, Inhabits coastal waters. (pl. VI).

Yhitehead (1963) in his notes on synoaymy of
Dupsunieria spp. studied mainly four characters, they are
(a) Yody depth, (b) snout length, (o) gill rakers and
(d) dorsal rays.

From the scatter diagram on the bedy depths of
speocimens measured by Whitehead (1963) it could dbe scen that
the percentage of dody depth in standard length had a wide
renge from 18 to 30 percent, The precent observation showed
that height of body is a differentiating character of the
two species and the range is 23,71 te 30.3%% in D. gouts and
19.15 to 22,73% in D, hasmeltil (P1. II, Fig, 12), Based
on this 1if a demarcating limer 1s drawn at 23% in Vhitehesd's
‘diagran, a clear differentiation eculd bve cdeexved delow and
above this line, £he specimens plotted above this line form
» homogenus growp vith a limited range of variation which
may agreo vith D, aouia accoxding to the suthors odservatiem
on Dyssunisria from the Gulf of Mannar emd the Palk Bay.
Similarly the homogezus growp below the 1ine also shovw a
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limited range whioch is in full agreement with that of
2+ haspeltld.

Begarding the snewt length Whitehead (1963) came %o
the comolusion that this cannot serve as a basis for distin.
gushing the speciss. HSven then a olose study of tho histo-
grams of snout length in standarxd length, given dy him,
reveals that those specimens which had differential home-
gonity in bdody height shov some differences with respect te
snout length also. In the present work it was observed thas
the snout length of D, aquta is 7.56 to 8,385+ and ef
8. bapseltii is 8,00 to 9.89% in standard length with an
everlapping range between 8,00 and 8,85%, 767~ of 3. agiia
and 525 of D. hpsreltid came within this overlapping range
(Tadble 2, and pl.JI, Fig.4), This shows that there is slight
difference in snout length of tho two species but not to the
sxtent to depend on as a specific dharacter, Legarding the
€111 raker counts, eventhough “hitehead (1363) obsorved
slight difference on few specinmens suoch a diifference could
net deo noted in the presant study. <The dorsal fim counts
alse 4id net show any variation as has bdeem odsexrved dYy
Whitehead, Fhe present author hes stuiied several othex
ocharacters wvhich show specific distinotion between the two
species and finally justify the xe«establishuent of D.hasseltis.
fhus tvo species namely D. agquts and U, haspel$il under the
gonws Dussunieris sre recognised in the present wexk.
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FOOD AND FRRDING HABITS

A great deal of work bas been done on the food and
feeding hadits of Lishes from Indian wators, some in
gonexral, others in detail. The earlier workers from India
in this ficld include Hormell and Nayadu (1923) en
Sardinella lopgiosps, Devenesan (1932) on Sapdinella
Kibbosa, Job (1940) on perches of Malabar ooast,
Chidanbaram and Venkataraman (1946) on the food fishes
of the vest ocoast of Madras Presidency and Devanesan and
Chidamdaram (1948) on the common food fishes of Hadras
Presidency, while Chacke (1949) gave an uptodate resume
of work on the subject, in his study on the food and feed-
ing habdbits of fishes of the Gulf of Mannaw, Iater on
detailed studies werc carried ocut in this field on a
variety of commercoially important fishes by Bapat and Bal
(1950, 1952), Bhimachar and deorge (1952), Praddm (1955),

Naix (1951, 1952), Bapat gt al (1951), Vijayaraghavan (1950,
19518, 1951b, 1953a, 195%0), HMalhotra (1953),5arejini (1954),
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Kuthalingan (1955, 1956), Karekar and Bal (1958), Tampi (1958),
Venkataraman (1960), James (1967), and Kagwade (1964)

Geoxge g% al (1971). They discuseed the composition of food,
ite seascnal variations, feeding in relation to availadility
of food oxganisms in the envircnment, feeding habits in
roi.tm t0 ssxual oycle, oondition of feed, seloctivity in
feeding and related aspeots and drew general conclusions
bearing upon the dieclogy of the species comoerned, For
exanple, dased on the type of food oconsumed the fishes are
broadly classified as plankton feederxrs, carnivores, omnivores,
ete. Among the plankton feeders a fev shov preference for
phytoplankton and yot othexs prefer sooplankton. Again

anong the ocarnivexres some are piscivorous, whilo others axe
cosmopolitan in their taste, A preference for a favourite
food item and consequent limitation of the fishes to strata
that form the haditat of these food itens again lead teo

such classifications as surface feeders, column feeders

and bdottom feeders.

Nany have commented on the correlation detween the
availability of a favourite food itom of a partioular fish
species and the eccurrence of the fishery for that species.
Nair and Sudbramanian (1955) studied the relationship bdetween
the eil saxdine, (Sardinells longicepp) <fLishery of the west
coanst of India and Fragilazis ooeanios, a diatoa, According
%0 these authors the peak of the oil saxdine fishery is



reached during or immediately aftor She peak of Fraszilaris
goesniop bdloam in these vaters, and came to the conclusioa
that "one of the major factors governing the fluctwation of
tho 01l saxdine s the availabiliSy of Fragilaris sqesnion
whioch is its favourite food®, Similarly a relationship has
been notioced by Seshappa and Bhimachar (1955) between the
Malabar sole, Syposlosens senifaciatus and its preferred

food item. pPriocpospio pipnata, & polychaete, and while
referzing to the movements of this fish into the inshere
wvaters they ooncluded “"that food factor plays an impertant
rele in the large-soale appearance of the fish” and "it seems
partioularly to favour polychastes usually dominated along this
coast by Prionospio pippats during the post monseon menths®,
Venkatazraman (1960) related the abundance of silver-belly

and white bait fishery of the Malabar oocast during monsoen
months to the abdundance of their prefexred food, the copepods,
whose peak oocurrenoco in the plankton in this peried lqd him
to infox that they contributed to .2 oomtdoru?}ll.gs eoxtnt to
the rich fishery of these two fishes. From all/ it can de
inferxred that the study of food of a fish round the year is
essential for an understanding of the bdielogy and fishexy of

the species.

Studies on the f00d and foeding hadits of the Raindow
saxdines belonging to the genus Dyssynierip have boen underw
taken by several authors. ZThe species involved 4in the earliew



vork vere Dussumieris hasseltii end D, aguta. Tham Ab Kow
(1950) studied the food and feeding hadits of D. hasseliild

in the ocourse of his investigations on the food and feeding
relationships of tho fishes of Singapore Straits, Among the
Indian vorkexs Devenesan and Chidambaram (1948) made o
reference to the food of the rainbow sardines in general in
an account of the common food fishes of the Hadras Presidency.
Othexs who worked on this aspeot of biology are Devanesan
and Ohacke (1944), Chacko (1949), ‘enkataraman (1960),
Mahadevan and Chacke (1962), Basheoruddin and Nayar (1961)
and Srinivasa Bao (1964) in Duspumieris hasmeltii) and

and SeRharan (1949), Vijayaraghavam (1951 b) and Euthalingam
(1961) 4n Dusspumierisa aguts. Nair (1973) in his monograph en
Indian Sexdines has reviewed the food and feeding hadits of
2. aguia and D. hasseldidl. These are largely qualitative
analyses of the food oconstituents of the fish and a detailed
acceunt on the food of Luspsumisris, dPoth qualitative and
quantitative, is yet to be had, In the present vork feeding
habits of Raindbow sardines are studied in dotail with special
reference to that of Lussumieris aguta, the most common
species in the Palk Bay and the Gulf of Mannap, in $he
vioinity of Mandapam, on the southeast ocoast of India,
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4.1, QUALIZATIVE AVALIZIS

In genexral, the food items of Dussunieria aguss vere
grouped into four main categories suoch as (1) Planktomio

orustaceans doth adult and larval forms (2) Larval mollusce
(3) lLarval and juvenilo fishes and (4) Plant material,

Anong the planktonic orustaceans the sexrgestid,
inocifer vas found to be the favourite food item ef P. aouia.
The young omes of the penaeid prawns were identified as
belonging to Penagus spp. and Metapenagus sp. Mysids of the
oxder Mysidaceas were represented dy Mysis. Isopods vere
identified to the genus Oymodage. Amphipods and euphausids
wvere met vith as food item only occasionally. Oopepods
were represented by Qithona ®v., JolaBUS SPP., and

sp. Acetes vwas found ocoasionally in the diets,

:mf?:ud cne of the food items quite frequently,
Planktonic laxvae of crustaceans were quite coanmon

in the stomaoch of rainbow sardino and sometimes thoy ocourred
in large numbexr in most of the stomachs. Among them the
most important forms were the alima larva of Sguilla
(atomatopod ), the megalopa larva of crabe (family Portunidaee),
the zeoa larvas of prawns, orabds inoluding that of the pea
orab, forcellans (family Porcellunidae) and the phyllosoma

larvae of lobsters, iysis stage of prawvns (2eRASWE SPP.,
and Netapenaecus spp.) and larva of hermit orabs (Paguridas)
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were also present in a few stomachs,

The crustacean remains inciwded the droken appendages
and fragments of the body parts of ocrustaceans vhieh ocounld
Bot be identified. They were present in lawge mumbex of
stomacghes.

The juveniles and laxval forms of the teleostean
fishes were met with in the stomach contents of D. aoude
in ocextain months, in large numbers. In most of the ocases,
due to digestion or abeence of head the identificatien of
these fishes were not possidle, But, most of them whieh
voze identified were of the genus Stglephorug. In the
present stuly the f£ish laxvae and Juvenils fishes, doth
identified and unidentified were treated under one commen
head ‘fishes’,

Pivalve larvee were obeexrved in twe months during
the period from April 1969 te Mazeh 1971 in the stemaeh
of a fow fishes. Gastropod, Spirstella ®p., and cephaloped,
squid, each of which acocurred only once in the stomachs of
twve diffexent fishes, were alse obsexrved,

'2lant materials', whiech inolwde unidentified pises
of dea grasses and sea weeds, were present in the stomach
of D. aguta in ocertain months., They vexe considered as
items of food in view of the fact that they ocourred
zepoatedly and were found in variows degrees of digestiea.
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From the above observations 4% may be surmised that
e a0N3a 15 a zooplankton feeder especially feeding en
planktonic oxustaceans, both larval forms and sdults and em
eoeassions, if availadble, feeding on bBivalve larvae, juvenile
fishes, especially 5tolephoXiS ®y. and on rare ocoasions
on pieocea of plant materials,

4.2. QUANTITAZIVE ABALYSIE

The stemach ocontents of ). agulp were analysed
separately for each month, and graded dy the methed of 'Index
of preponderence’ and the data presented in Tables 6 - 46,
From the Gulf of Kannar the samples were availadle in all the
moaths for the adbove peried, while froa the Palk Bay Samples
could met be colleocted in May and Decemder 1969, Pedruary,
Nay, Septemberxr and Qctober 1970 and January 1979,

uantitetive analysis of the stomach contents of D. aguls from
the Gulf of Mannar during the pericd April 1969 to March 1970:

During this period 967 stomachs of fishes frem the Owlf
of Manpar were snalysed and are presented in Tadble 6 to 17.
In the samples from this area the number of stomache in either
11ttlo! or 'empty' oonditions were more as majority of thea
wexe from the night ocatches only.

Seustacsans: As a single food iten Jugifer gained the
mazimun index of 351.5251 and was the predominant itea in
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Moy and it was at its lowest in July when it got omly
0.0008 indices. Jagifex vas not found in the stomache ia

Angus$, Septembex, Jamuary and Fedruary. IV foxmed an
impertant foed item in all ether months.

Amomng orustaceans alime larves of Squilla forxmed the
seoond impertant foed item, next te Juoifey. It had a
msazinum of 15,48 peroent oceurrence ia April, attainiag an
index of 6.7999 and was the domimant food item in Shis
nonth, It was adsent in July, August, Hevemdez, January and
Fodbruary. The minimum ¢oourrence of 0.95 peroeat was notioed
in the month of June when it got an index of 0.0368.

2002 larvs was notioced in the stomach of D. acusa
in very small quantitics from April to June with a maximum
of 8,06 peroent of occuzrvenoe in June, ‘It attained a
ainiman indsz of C,0113 in M¥ay, while it wes absent from
July 1969 to March 1970.

Megalopa larva ¢f cradb was found vo ococur only from
¥ay to July with a maximum of 4.27 percent in iay. MNysis
atage of prawns was presont in the stomach in the months
0L Hay, June, Septembor andi December in minor quantisies.
fagurii lazva ooourred only in June and that too in small
quantities.
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TABLE 6

RELATIVE INPORTANOE OF FOQD ITENS IN THE STOMACR CONRINTS

OF DUSSUMIERIA ACUTA FROM THE GULF OF MANNAR

Loecations \Gulf of Mannay

Apxril 1969

Total Ho,of Fish: T

81,

Percent-
Btomach contents age

Percent-

age

Vo

S

V0 ez 100  Ramk

¥o. velume occuErence ZVo
(v) (o)
t. Isoifer €.76 13.48 91,1248 2.6977 9
2. Alima 17.10 13.48 230.5080 6.799%9 2
3. Zoea 0.2 1.12 CelS44 0.,0040 9
4. ‘Fiehes’ 3.95 4.50 13.825¢ 0.,4078 S
5, Fish sonles 007 2,2% 0.157% 00,0046 8
6. COrustacean remains 1,02 4.50 4.5900 0.1354 6
7. Digested matier 66.98 44.94 3010,0812 88,7819 ¢
8. ‘'Plent materigle' 1,05 3.37 3.5385 0.1043 7
9. Sand grains 2,95 12,36 36,4620 1.07%4 4
Total 100.00 100.00 3390.42%4 100,0000
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TABLE 7

RELATIVE IMPORTANCE OF FOOD ITENS IN THRE STOMACH CONTENTS
OF DUSSUMIERIA ACUTA YRON THR GULP (F MANNAR

Iocation: Gulf of Mannaxr. May 1969 Total Ho. of Pishy 148.

NN

L 2
23 Btomach occatents ’:;E::. ::9'::,,_ VO —zy§—x100 Baxk
vy ()

1. lacifex 24.42 21,65 528.6930 31,5231 2
2, Alima 5.72 T.12 40.7264 2.4283

3. Zo0m c.22 0.86 0.1892 0.0113 10
4. Heganlopa 1.78 4.27 7.6006 0.4532 T
5. Copeped 0.07 1.99 0.1393 0.008% 1
6. Mysis larvae 0.02 0.29 0.0058 0,000 13
7. Young pzaws - 0.56 J.99 2.2744 0.1332

8. Orustacean remains 19.94 20.23 403.3862 24.0518 S
9. Pivalve 0.04 0.29  0.0116 0,0007 12
10, *Fishes' 15.02 8.26 124.0652 7.3973 4
11, Fish soales 1.02 %5.70 3.7370 0.2228 8
12. Sand gruins 4.45 T-41 32,9745 1.9661 6
19. Digested matter 26.7% 19.94 533.3950 31.803% )

Total 100.01 100.00 1677.1582 99.9999

e ———— |
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RELATIVE INPORTANCE OF FOOD ITENS IN PHE STOMACH CONTIRTS
OF DUSHUMIERIA AQUSA YROM THE GULF OF MANNAR

looation: Gulf of Xannar June 1969 Total No.ef Fishiid4
5. stomaeh osutents :E - :::.m' Yo {82100 Remk
(v) 1O

1. Jusifex 22,37  18.48 413.3976 14.0507 2

2, Alima 1.14 0.95 1.08%0 0,0368 6

3. Zoea Ded2 8,06 3.,3852 0,1151 &

4. Mogalopa 0,18 0.47 0.0846 0.0029 1V

5. Mysis 1a1vae 0.03 0.47 0.0141 0.0005 13

6. lsopod 0.04 0.47 0.0188 0.0006 12

7. Copepod 0.12 .32  0.%984 0,013 8

8. Bupagurid laxvae 0.13 2.37 0.%08% 0.0109% 9
9. Roxcellena larvae 0,04 0.47 0.0188 0.0006 12

10. Yowng prawvns 0.28 2,37 0.6636 0.0226 7
11. Crustaceean remains 13,67 22,28 304.5676 10.3518 3
12. Tish egss 0.09 0.9% 0.0855 00,0029 1
135. '¥ishes' 1.27 0.9% 1.2065 0.0410 $

t4. 'Plant materials' 0,04 0. 47 0.0188 0,0006 12
13. Digested matter $9.96 36.97 2216.,7212 75.3428 |

16. ¥ish scales 0.22 0.95 0.2090 0.,007% 10

Total 100.00 100.00 2942, 1808 100.0000
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TABLE 9
RELATIVE IMPORTANOR OF FOOD ITEMS IN THE OTOMACK OONTENTS
OF DUBSUMIERIA AGURA FROX THE GULY OF MANNAR

location: Gulf of Mannaw July 1969 Tetal No.of Fish:136

Poroent~ Peroont-

8 : \
® tent age 1
Ne. Btomach contents o A{"] 'ZV% 100 Jank
1. m Oo“ 'o" 0.0666 9.0008 é
2, Negalopa 0.06 1.1 0.0666 0,0008 6
S. M“. 0.‘2 '." 0.6888 0.0079 4
4. '2lant matoxrials' 003‘ 1.1% 0.3441 0.0040 5
6. 3and graine 1.61 334 5.377T4 0.0618 2
7. Digested matter  96.54 90,00 8688.6000 99.9043 !
Total 100.00 100.00 8696.9189 100.00 00
TABLE 10

RBIATIVE INPORIANGE OF FOOD ITEMS IE T¥E STOSACH CONTERTS
DUSCUNM.BRIA AQUTA FEOM TUHE GULF P HAKUAR
looation: Gulf of Mannarx. August 1969, Total No.of Fish: 6S.

51. giomach contemts age.  age . VO  —¥x100 mank
* oma s age age
¥o. volume eOCOUIY- £

e o®
(v) (0)
1.'Plant matexials’ 1.54 1.89 2.9106 0,0309 2

2, ligosted matter 98, 46 98,11 9659.9106 99.9699 1

Total 1&0“ 100.00 9662082‘2 100.“»0
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RELATIVE IMPORTANCE OF ¥OOD ITENS IN THE STONAGH OOUTENTS
OF_RUSSUNLERAA ARUTA FEOM THE GULP OF NANNAR

locations Gulf of Nannax. \ Jeptember 1969. Total No.of Fishs %9

L e

Peroente Roroente

o* Stomach comtents o o::“;:b vo  —y8 2100 Rank
(v) (o) _

1, Alima 1.69 2.90 4.9010  0,0835

2. 'Fishes' 17.89  14.49 259.0812  4.4117

Y. Hysis larvae 0.04 1.4% 0.0580 0.0010

4. Fish ecales 0.15 1.4% 0.2175  0.0037

5. 'Plant matorials® 0,04 1.45 0.0580 0.,0010
€. Crustacoan remains '.3’ 7.2% 92.7875% O. "‘7
T. Pigected matter 78,84 71.01 5598.4204 99%.3324

s W & VW & N &

Totel 99.99 100,00 5872.5316 100.0000
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TABIE 12

REIATIVE INPGRTANCE OF FOOD IYEMS IN THE SZUMACH CONZNNTS
OF DUBSUMIFRIA ACUSA FTOM THY GULF OF AAHMAR

location: Yulf of Mannax, Ootobexr 1969.

Total No.ef Pish; 65.

Peroent.. IeXoent-

bL: Stomach comtents e o:cg':,_ V0 -—¥§x100 Ramk
(v) (o)
1. Imcifex 21,38  19.0%  407.2890 14,6128 2
2, Alima 0,89 .19 1.0591 0.0380 9
3. Acetes 2.40 5.57 8,5680 0.3074 6
4, Young prawms 0.04 1.19  0.0476  0,0017 11
5, Mysids -cu o0 0.26 2,38 0.6188  0.,0222 10
6. Poxgelleng larva 0,78 3457 2.7846 0.0999 7
7. Buphausid larve 0.8% 557 3.0345 0.1009 &
B. Fish coales .24 4.76 10.6624 0.,382% 4
9. Crustacean remeins 8,18 16,67 136. 3606 4,892% 3
10. Digested matter 61,78 $5.72 2206,.7816 - 79.17%6 ¢
11, Sand grains 1.20 8.33 9.9960 0.3987 5
Total 100.00 100.00 2787.2022 100.000
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TABIR 13

RELATIVE IMPORTANCE OF FOUD ITEMS IN THE STOMACH COMTENTS
OF PUSSUMINRLA AGUZA ¥ROM THE OULP OF MAMNAR

Iscations Gulf of Mannay., Noveasber 1969. ZTetal Mo, of Fish: 42,

Peroent-
227 Stomach comtents P:?l:::‘ oSS . VO ¥ 2100 Ramk
onoe
(v) (o)
t. Jmcifex 2.59 3.45  8.9955 O0.MT9 4
2, Yish scales 2.96 3.45 10.2120 0.1348 3
3. Digested matter  67.04 B86.20 7902.8480 99,0722 1
4. Sand grains 7.41  6.90 51.1290 0.67%1 2




TABLR 14

RELATIVE IMPORTANGE OF FOD ITEMS IN THS STOMACR CONTMITS
OF DUSUMIERIA ASUTA FROM THE QULF OF HANNAR

location: Gulf of Mannar. Decembez 1969. Total No.of Fish: 79.

Peroens. Zoroent-

l. . ,
¥o. Jtomach contents '0;::. oo:::n- vo 2%% z 100 Rank
onoe
(v) (0)
2. ‘lm O0.29 2.00 05800 0.01535 ]
3. dyeids 0.06 2.00 0, 1200 0,0032 7
4. Mtpodl 0.06 2.00 O. 1200 0.00’2 7
8. Hdymis larvae O.14 2.00 0.2800 0.0074 6
6. *¥Fighes' 5.43 6.00 J32.%5800 0.,8624 4
7. Crustacean remains 6,76 16,00 108.1600 2.8629 3

8. Digested matter 66.00 48,00 3168.0000 83,8539
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TABIR 135

RELATIVE IMPORTANCE OF POOD ITEMS IN THE STOMACH CONTRNTS
OF DUsSUMIBRIA AQUTA FROM THB GULP OF MANNAR

Loeations Gulf of Mannar., January 1970. Total No.ef Fish: 59.

i
Percent- Peroent-
81
° Stomach oontents age age -—%%-!100 Rank
Bo. volume ocours- vo =

(v) ence
(0)
1.
!m*md) 1edd 2.00 2,8800 0.031% S
2, Digested matter 96,52 96.00 9265.9200 99.9249 1
3. Sand grains 2,04 2,00 4,0800 0.0440 2
Totald 100,00 100.00 9294.0000 100.0000
TABLE 16

RELATIVR IMPORTANCE OF POOD ITEMS 1IN THE STOMACH CONTENTS OF
DUSSUMIBRIA ACUTA FROM THE GULF OF MANKNAR

location: Gulf of Mannar, Pebruary 1970. Total No.of Pishs 74

Percent=
Pexcent~
81, . age Vo —%ﬂ—uoo Rank
No. Stomaoh eontents - caourre =.V0

v onoe
AL () M —
1. Digested mattexr 99.10 97,62 9674.1420 99.9779

Total 100.00 100.00 9676.2840 100,0000




TABLR 17

RELATIVE IMPORTANGR UF PO.D ITENS 1F THE STGHACECONEENTS
OF DUBSUMIERIA ACUIA FRON THE GULF OF SANNAR

loocationt Gulf of Mannaw. Mamch 1970. iotal No,of Fishy 35.

Al

81 Porcent- p':::“" ! v
No. Stomach contents "?-c. eoourr- ¥O 2&'” Rank
v) ()
1. 'Fishes' 2.67 2,17 5.7939 0.1510 &
2. lneifex 5.43 8.70 47.2410 1,2313 4
5. Alims T.33 8.70 €3.7710 t.,6622 3
4. Poxoellena larva 0.37 4.3% 1.6095 0.0430 7
5. Amphiped 0.07 2,17 0.1519 0.0040 9
6. Young prawns 0.17 2.17 0.3689 00,0096 8
7. Crustacean remains 9,13 17.39 158,7T707 4.1383 2
8. Digested matter T70.83 $0.00 3541,%.00 92.3081 1
9. “and grains 4.00 4.35 17,4000 0,453% 5
Total 100.00 100,00 3836.6069 100,0000




Othexr items which were obsexved 4in She stomach in
small quantities with limited ocoocurrense were owphausid
in Qotebex with 3,57 peroent goeurrence, amphiped in March
with 2,17 peresnt eccurremce, isopod in June vwith 0,47 peroemt
eocurrence, and Mypig of Nysidacea im Octodex and Decembex
with 2,358 pereeat and 2,00 pexoent ocourrence respectively.
4902588 vas noticed only in Octodem, whea it had an ecouxrense
of 3,57 peroent. $hese food items were net notieed in acnths
othex than Shose mentioned adove.

Oopepod ocourred from May to July and im Decemdexm and
the maximum ecourrence of 3,32 peroent was notieced in June
vhen it attained an index of 0,0133. Similarly Porpsllspa
was found $e eocur in the stemsch in June (0.47%), Ootedex
(3.57%) and Mexeh (4.35%).

Young prawns were obeerved in the stomach of J. aguts

in Nay, June, October and March with a maximum ecewrremce of
3.99 pexoant 4n May. SThey attained the ainimum index of
0.0017 4in Ootodex,

Crustacean remains wexe found to ecour in censideradle
quantities in the stomach during the months from April to June
in Septembex, Octobex, December and in March and ranked second
(mext to Imocifex) in May. They ccourved maximum inJume (22,208)
and attained a highest index in May (24.0518). A minimum
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oceurrence of 4.50% was noticed in Apxil, wvhile they were
absent during the months of July, Auguss, Novembex, Janwary
and Jebruary.

‘Hollwecs' Among the mollusos, bivalve laxvae shoved 0.29%
of ocecurrence in Hay and wexre not shserved in any othex
senths, 3iailarly a single specimen of the gastroped
Saixatells was found to eocur emce (2,00%) im Jamwazy.

2Xiskep': Next te oxrwstaceans, °‘fishes’ as an important itea
of food, °°°‘.""" frequently in oortain months in laxge
quantities, They were notioced in the stomach of J), aouts
from April to June, in Jeptemdex, December and Mawch, with
naxizum (7.3973) and minimum (0.0410) indices in Hay amd
June respectively. A maximum ocourrence of 14.49% was
netioced in Septemdex,

Fish egge were found te ecour in the aonth of June in
vory small quantity and was adsent in the stomaeh in all
oShex momthe,

‘2laat mateziala't During May 1969 and fyom Octoder 1969 te
Haxoh 1970, plant materials' vere tetally adesent fn the
stomach, In all ether months their oocurrence ranged from
a ninimum of 0.47% in June t0 a maximum of 3.37% 4n April,

Fish scales and sand grains wvere frequently feund in
the stomach of D. aguia. BSxcept in sugust 1969 and from
December 1969 $0 March 1970, fish scales were adseat in the



stomachs. A maximum occurrence of 4,76% and a minimum

of 0.95% wexe noticed in Octodexr and June respectively,
Sand grains were noticed in all the months othex than Jwme,
August, September and Decenbver 1969, The frequemey of
oe0urTeRnce ranged from a minimmm of 2,00% in Janwary 1970
$e a maximum of 12,96 1= April 1969.

The pexrocentage ocourrenes of digested matter and
the index 1t attained in each month was notieed te de voxy
high. It had a maximum ocourzence of 98.11% in Awgust 1969
and a minimum of 19.94% 4n May. Zhe digested matter had
the maximum and ainimum indices. in Fedbruary 1970 (99.9779)
and in Nay 1969 (31.8035) xespectively.

Guantitative analysis ot.tgg stengoh gontents of D. aguta
from the Palk Bay, during the peried Apxil 1w

The data collected from the Palk Bay sido fox a period
of 9 months during April and June to Hovember 1369 and
January and March 1970 vere used for this study, The details
are presented in iadbles 18 te 26. An important feature
neticed in these samples was that there vers fewexr stomachs
in either '1ittle’' or ‘emply’ conditions, as compared $e the
Oulf of Mannar samples, This is because the majority of the
sanples were collected from the day catches.

Sxustaneans: incifer vas present in the stomach ia all the
months except May, December and Februwary, when ne samples were



availablo fox odservation, Imoifer zanked first in the
exder of abundanes in July, Aungwust and November attaining
indioces 80,4379, 35.9860 and 37.6374 respectively, It
ranked second in April, June, September and Octodex., A
mazimun valus of 42,.30% coourrence was observed im July,
vhile April zasked seocond (31.42%). The minimem ocourrence
of 4.49% was noticed in January 1970 wvhem it attained a
mRinimum index of 1,0894.

Alima was noticed in the stomach in all the months of
observatien except in iugust, The peak of $he adundance was
12 Maxech, when 1% formed thc secend predeminant foed item
mext S0 orustacean remains and attained an index of 21,2067,
The ccourrence percentage of alima ranged frem 2,86% ia
April te 20,008 in Octebex. Among the food items alima ranked
thixd during October and Hovember,

Zesa was present in its stomach in miner quantities
in June amd Avgwst 1969 and Janwary and March 1970. A maxisua
ecourrence of 14.93% was noticed in Maroh, when the index was
9.5741 and & ainisun of 2,2%% ecourrence in January giviag an
index of 0,1086. In Jume and August the percentage oocurzenee
was 2,2TH% and 6.45% xespectively,

Negalepa ocourred Guring June, Sepltemdex, Ootedem,

Novemder and Jaruary and comstituted 0,5368, 0.0048, 0.2549,
0.4182 and 27,7313 indloces respectively. A maximum of 8.99%



TABLE 18

RELATIVE IMPGRTANOR OF FO.. ITEMS IN THR STOMACH OONTENTS
OF DURRUMIERIA AQUZA FRON THR PAIK BAY

Iecatida: Palk Bay. Apxil 1969. Tolal Ho.of Fish: 19.

—

Porcente
Perosnt
8. .., age VO ~yi-2100 Rank
No. Stommch contents ':{' ocourYe 7

vy 103

1. m 27.89 31.42 876.3058 27,1506 2

4. D’.‘”t.‘ matter 29.74 28.58 84909‘92 “o”‘.’ ’

Total 100.00 100.00 5227.5640 100.0000

Nay 1969 ne samples
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RELATIVE IMPORTANGCE OF FOOD ITEBMS Ii THR SPCMACH OONTERNTS
OF DUSSVMICEIA AQURS FROM THE PALK BAY

locatien: Palk Bay. June 1969. fotal No.ef Fish: 18.

Peroonte A
2o° Btomach ecntents ':g:':' . o:“%:_ vo {& 2100 Rank
_ (v) (0) - _
1. Imoifes 27.67  27.27 T54.5609 29,0930 2
2. Alime 3.06  4.55 13,9230 0.5%8 4
3. Megalopa 3.06  4.55  13.92%0 0.5%8 4
4. Mysis larvae 0461 4.55  2.775% 0.1070 6
$. Zoea 2,22 2,27  5.0504 0.1943 5
6. 'Fishes' 0.28 2,27  0.635% 0.0245 8
T. Fish soales 0.28 4.55% 1.2740 0.049% 7
8. Crustacean romains 14.44  18.18 262.5192 10,1217 3
9. Digested mattox 48.38 31.81 1538.,9678 59.3367 1

Total 100.00 100.00 2593.6184 99.9999




TABILE 20

RBLATIVE IMPOKTANQER OF FOOD ITEMS IR THR STOMACH CURTENTS
OF RUSSUMIERIA AQUTA FROM THB PLAK BAY

Looatisn: Palk Bay. July 1969. Total No.of Fish: 13.

Percente Peroont-

ol
B1. age
No. Stomach contents 'O;C-O. eosurr= V9 "331100 Rank

v) ()
V. Incifex 71.19  42.30 3009.6450 80.4379
2. Alima 0.23 3.85 0.885% 0.0237T S
3. 'Pishes’ J.00 J5.08 11.8%80 0.3169 4
4. Yish scales 0.08 3.88 03080 0.0082 6
5. Grustacean remains 17.00 38.46 653.8200 17.4745 2
6. Digested mattex 8.46 7.69 65.0574 t.7388 3

S S e

2otals 100.00 100.00 3741.5739 100.0000
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TABLE 2%

RELATIVE IMPORRANCE OF FOOL ITEWS IN THRE STONAGH OONINNES
OF RURLUMLIRIA ASUTA FRON THE PAIK BAY

leoations Palk Bay. Angust 1969. Tetal Ee, of Fish: 12.

_

:t: Stomach contents :E:.J.:'. ::.:‘: Yo g{% 8100 Rank
vy 188
1. ingifex 36,25  25.80 935.2%00 35.9860 1
2. Young prawas 2.08 6.43 13.4160 0.5162 4
3. Zeea 0.8% 6.45 5.9533 0.2060 5
4. Phyllosoma 0.42 J5.23 1.9566 0.0%22 6
5. Fish soales 0.17 3.23 0.549% 0.0213 7
6. Crustacean remains 32.92 25.80 849.3360 32.6802 2
7. Digested nattex 27.33 29.04 79%.6632 30.53%81 3

= i =

Total 100.00 100,00 2598.9244 100,0000
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TABLR 22

REBLATIVE IMPORTANCE OF FOUD ITEMY IN TRR STOMACH CONTRATS
OF DUSUMIERIA AGUEA FROM YHE PALK DAY

lecation: Palk Bay. September 1969. Total No.of Fish: 29.

Perocente Poroont-

Bo; Stomach comtents  ege  GE}. VO Pf-x100 Namk
omoe
(V) (0)
1. Incifex 31.28 28,33 086,1624 36,2253 2
2. Alima 4.1 6.67 27.4137 1.1208 4
3. 2prcellafa.larva 0.04 1.67 0.0668 0,0027 9
4. Young prawns 2.6 3.33 9.5238 0,389 S
$. Megalepa 0.07 1.67 0.1169 0.0048 8
6. Mish soales 0.86 6,67 5.7%62 0.2545 6
7. Crustacean remains 32,05 351.66 1014.0698 41,4549 1
8. Digested mattex 27.32 18,33  500,7756 20.471% 3
9. Sand grains 1.43 1.67 2,5881 0.0976 7

== S - oo .-

Totrl 1“.00 100,00 a‘“o 2”‘3 ”0’”9




TABLE 23

RELATIVE ISPORTANCE OF FOOD ITHMS IN THE STOMACH CONENTS
OF DUSOUMIERIA AQUDA FRON THE PALK BAY

locations Palk Bay. Octodexr 1969. ZTotal No,of Fishs 17

Peroent~
Peroent~ )
.
No, Stemach cemteats age o) YO 32100 Rank
ence
V) (C)
1. m 20,34 20,00 406,2000 19.2901 2
2, Aima 10.12 20,00 362.,4000 17.2101 3
5., ‘Pishen’ 4.31 2.96 12,3266 0,50%4 5
6. Cxustacean remains 12,13 25,71 311.8623 14,8101 4
7. Digested mattex 44,06 22,86 1007.2116 47.83%7 1

B et am- S




TABLR 24

RELATIVE INPORTANCE OF FOOD ITEMS IN THE STOMACH CONTENTS
OF RUSSUMLIERAA AQUIA FRON THE PALK BAY

Iocation: Palk Bay. HNovemder 1969. Total No.of Fish: 35.

Peroent-
Poroent~
Bl. gtomach oontents age _ S8% vo '{%8"00 Raxk

. v
™
1. Jncifex 29.3% 24.30 T713.2050 37.6374 1
2, Alima 20,00 13,08 261,6000 13,8052 3
3. Copepod 0.1% 0.93 01395 0.0074 10
4. Hegalopa .21 6.55 T.9255 0.4182 7

$5. Jupagurid larva 0.1% 1.87 0.280% 0.0148 9
6. foroelleng larva 0.03 0.93 0.0279 0.0015 11
7. Young prawns 2,44 7.48 18.25%12 0.9632 §
8. ‘Plant materials' 17.94 13.08 234.6552 12,3835 4
9. vand grains C.44 1.87 0.8228 0.0434 8
10. Crustacean remains 24.62 26.17 644.3054 34,0015 2
11. Digested matter 3.67 3.74 135.72%8 0.7243 6

= S

Tetals 100.00 100.00 1894.9388 100.0000

. ——

Deosaber 1969 No sample.
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TaABLE 25

RELAZIVE INPORTANCE iF POUD ITEMS 1B THE 8T0 ACH CONT®NTS
OF PUSAMLEILA AQUEA FHUR YHE ZAiK BAY

loeationy Palk Bay. January 1970. %otal Ho.ef Fish: 23.

31 Peroente PRerocentage ’
.°° Stoaach eontents age ocourT= VO ég 2100 Rank
° volunme ence
(v) (o)
1. Incifex 3.57 4.49 16.0293 1.06094 3
2. Alima .52 3«37 S5.1224 0.348% 10
3. Negalapa 4.47 8.99 40,1853 2.7310 4
4. Nysis lerve IO." J.37 1.4491 02,0985 15
S. Mynids 0.26 2,25 0.5850 0,0%98 16
6. Amphipods 1.09 5.63 6.1367 O0.417¢ 9
7. Baphavnid 2,13 4.49 9.5637 0.6500 7
8. Bupagurild lerva 0.65 337 2.1905 0.1489 13
9. Porcellagna larva 0,22 1.12 0.2464 0,0167 17
10. Copepeie 0.81 337 2.7297 0.18%% 12
1. Zoea C.T¢ 2.29 1.597% 0. 1086 14
12. Young prawns 1.96 3.37 6,602 0.4489 8
13. Acstepn 6.96 2,25 15.660C 1.,0643 6
t4. 'Tishee' 5.48 1.2 3.8976 C.2649 1}
15, *Plant materials' 29.57 14.61 432.0177 29.360% 2
16. Crwstucesn romains %.17 23.%59 853.2508 57,9880 1
17. Digested maiter & 00 12.56 74.160C £.0400 3
Zotal 100.00 100.00 1471.4264 100.0002

Yobruary 1970, Ro sample.



RELATIVE IMPORTAHCE OF FOOD JTEM3 IN THE STOMAGH CONTENTS

location: Palk Bay. Maxrch 1970.

TARLE 26

OP DUS.UMIEEIA ACUTA FROM THE PALK BAY

Tetal No,ef Fish:

34.

81,

P or mt. P 'tm-

W = O 3 WV M »

No, Utomach cemtents  age  ag2 Vo {H 2100 Rank
) ()

1. Imcifex 14,10 14,93 210,5130 10,7986

2. Aldaa 21.3%1 19,40 413,4140 21,2087

3. Zoea 12.24 14.93 183.7432 9,5741

4. Nysis larva 0.34 1.49 0.5066  0.0260

5. Pish eges 0045  4.47 2,011  0.1032

6. Crustacean remains 24,83 29,85 T741.1755 38.0198

7. Digented matter 26.73 14.93 399.0789 20,4714
Totals 100.00 100.00 1949.4427 99.9998
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occurrence wvas notioesd in Jamvary. Kysis stage of prawns
vexe found %0 ocour in the stomach in June (4.55%), Januvary
(3.97%) and in March (1.49%). Ewagurid larvas wvere present
iz She stomach of D. acuip in very small quantities ia
Hovember and Januwary only and the respeoctive percentagee
of ocoourrence were 1.87 and 3,.57.

During certain months ewphauwsid, amphiped, mysid and
Aceten vore present in the stomach in limited guantitise.
Ruphusids occourred in Octobex (2.86%) and January (4.49%) only.
Amphipods, myside and Acetep were prosent only during
January and among these food items amphipods showed maximum
of 5,638 ocouxrence, whereas the oocurrensce of mysids and
Agetes were 2,25% each.

Copepod ocourred as food omly during Novosmber and
Januaxry to the extent of 0.95% and 3.,37%. [Porxcellens was
present during September, Novonber and Jamuary and the
ocourrence ranged from 0.95% in November to 1.67% in September
with 1,12% in Jemuwary.

Young prawns were observed in the stomach during
August, Septeaber, NHovembder and January. fThe maximum
occurTenes of 7.48% was noticed in November and a minimum
3.33% in Boptembex. In August they rahked fourth and during
Septemder and Hovembexr they ocame dowa to0 L£ifth rank among the
foed Ltems.
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Crustacean remains were found to occur in considerable
quantities in the stomach in all the months. 1Its occurrence
ranged from a minimum of 18.18% in June to a maximum of 38.46%
in July. According to the index of preponderence it ranked
first during April (46.3277), September (41.4539), January
(57.9880) and March (38.0198). 1In July, Aygust and November
it was the second predominant item, while in June and October

it ranked third and fourth respectively.

Molluscs: Molluscs were not found in the stomach of D.acuta

collected from Palk Bay side during the period.

'Fishes': Juvenile fishes were observed among the food items
during the months of June, July, October and January, A
maximum of 3,85% of occurrence was noticed in July and the
minimum occurrence of 1.12% in January. But the maximum index
of 0.5854 was observed in October., Fish eggs were noticed in
the stomach, only in fishes collected during March, when its

index showed a value of 0.1032 with an occurrence of 4.47%.

‘Plant materials': 'Plant materials'! occurred in the stomachs

only during November and January, when they attained 12.3833
and 29. 3605 indices, respectively. They attained the second
rank in January, next to crustacean remains, and fourth rank
in November, In all other months, other than November and

January, they were absent in the stomach.

Yish scales were observed in the stomach of D. acuta

during the months from June to September with a maximum



of 6,67% of oecuxrxence in September and a minimum of 3.29%
in iugust, GSand grains wvere noticed oaly in September and
liovembexr to an extent of 0.0976 and 0,0434 indioces.

Digested matter wvas found te occour in all the months
and it%s perocentage of ococurrence ranged from a minimum of 3,74
in November te a maximum of 31.8) in June. It dominated
anongst all other food items during June and Octedboy whem 4%
ranked fiwst with indices, at 59,3367 and 47.8317 respectively
and obtsined thivd rank im sll other months except in
Hovenber, whem it ranked sixth in the order of abundanoe.

Wuantitative
(393

analysis of the stomach ocontents of L. aguis

*

W

During this period samples were avalladle from the
Gulf of Manrar throughout the yecx, Details of the znalysis
of the stomach oontents are given in tables 27 to 38.

Sxustaseansg: imcifer ocourred as food in the stomach of

D. agutg during April to June and Deceaber., Ita occurrence
ranged from a minimum of 9,35% in Leceuber to 51,02% in May.
During ay it ranked .fmt 4n abundance amongst tho food ites
In othexr three months it had only the thizd rank., The maxiw
index of 66,1341 wvas observed in Hay.

Aliza was found %o ocowr in all the months othex thar
October, January and Mareh., Maximum and minimum 0CCUETEROW
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of 6,67% of cecuxxrence in September and a minimvm of 3,238
in August, GSand grains vere noticed only in Septembex and
Hovember t0 an extent of 0.0976 and 0,0434 indioces,

Digested mattor was found te occur in all the monthe
and its pereentage of ocourrence ranged from a minimum of 3,74
in November te a maximum of 31,81 in June. It dominated
anongestd all othexr food items during Jume and October whem it
ranked Tixst with indices, at 59,3367 and 47.8317 respectivoly
and obtained thivrd rank im all other months except in
Hovember, when it ranked sixth in the order of abundanoe.

“uantitative analysis of the stomach ocentents of L. aaufg

WY Y,

3

During this peried samples wore availadble from the
Gulf of Mannar throughout the year, Details of the analysis
of the stomach contents are given in tadles 27 to 38.

Srustaceang: Imcifer oaqourred as food in the stomach of

8. agutpg during April to June and December, Ita osourrence
ranged from a minimam of 9.35% in Lecember to 31,02% in iay.
During fday it ranked met in adbundanoce amongst the food Lteas,
In othexr three months it had only the thizd rank, The maxiswm
index of 66,1341 vas observed in May.

Alina vas found %o ocowr in all the months othex than
Ogtober, January and March., Maximum and ainimm ococurrsnces
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TABILR 27

RELATIVE IMPORTANCB OF FOOD ITENS IN THE STONACH CONTINTS
OF DUSSUMIERIA AGQUTA FROM THE GULF OF MARNER

lecation: Gulf of Mannar. April 1970. Total No.ef Fish: 40.

Pexrcente Porcente
Stomach gortents age "&%’
Ko, v:{:.. ocours- 2

v)  (0)
1. lmsifex 8.38 12,66 106.0908 4.4545 3
2, Alime 5.13 15.19 T7.9247 3.2719 4
3. Young prawns 0.28 5.80 1.0640 0,0447 7
4. 'Fishes' 31.56 18.99 599.3244 B/ 1643 2
S. Rerosllana larva 0.28 5.80 1.0640 0.0447 9
6. Amphiped 0.06 2.53 0.1518 0.0064 9
7. Squid 0.16 1.26  0.2016 0.008% 8
8. 'Plant materials’ 0,69 2.53 1.7457 0.0733 6
9. Crustaocean remains 1.41 8.86 12.4926 0.%5245 S
10. Digested mattex 52,06 30.38 1581,5828 664 4072 ¢

= - == SIS

Total 100.01 100.00 2381.6424 100.0000
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RELATIVE INPORTANGE OF FOOD ITENS IN THE STONACH CONTENTS
OF DUBSUMIERIA AQUZA FROM THE QULY OF MANNAR

Locatiens Gulf of Mannax. May 1970. ZTotal No,of Fish:i100.

Peroent~ Poroent-
. age
No, Stomach oontents v':‘.l caonrze 'O ‘g&%’“’o Rank

RO .
1. Jasifex 49,96 31,02 1549.7%92 66,1341 1
2. Alime 4.84 5.7 27.6364 1.1793 §
3. Megalopa 1.47 3.67 5.35949 0.2%02 6
4. Zoea 0.3 2,86 1.0010 0.0427 8
5. COopeped 0.5%0 5.3 1.5930 0.0680 7
6. Myois larva 0.10 1.63 0.1630 0.0070 1%
7. Bupagurid larva 0.02  0.41 0.0082 0.0004 12
8. Agates 0.18  1.23 0.2214 0.0094 10
9. Young prawms 0.27 2,04 0.5%508 0.02%5 9
10. 'Pishes’ 10.76 6.53 T0.2628 2.9984 4
11, Crustacean remains 18.68 30.20 564.1360 24.0738 2
12, Digested mattex 13.06 9.59 122,6334 S.2352 3

—
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TABLE 29

RELATIVE IMPORTANCE OF POOD ITHMS IN THE STOMACH CONTEATS
OP DUSSUMIERIA ACUZA FROM THE GULY OF MANNAR

Looation: Gulf of Mannax. June 1970. Total No.of Fish: 62.

cent- Pezoent-

5. Stomach centents P::.ﬁ. O::‘zm_ Vo  —Yfx100  Rask
(v) (0)

1. Imgifex 5.93 11.67 69.2031  2.0417

2. Alima 7.03 8.33 58.5%99 V.72717

5. Zoea 0.47 %.00 2,9%00 0.0693

4. Yowng prawns 0.47 1.67 0.7849 0.0232

S. 'Plant matorials'’ 2,97 J3.33 9.8901 0.2918
6. Crustacean remaims16.4% 23,33 382.8453 11.29%3
7. Pish oggs 0.63 3.53  2.0979 0.0619
8. Digested matter 66.09 43.35 2863.6797 84.4890

- 1 B W 0 0 » WA
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TABLE 30

RBLATIVE IMPORTANCE OF FOOD ITEMS IN THE STOMAGH OONTINTS
OF DUSOUMINRIA AQUIA FEHOR THE GULF OF MANNAR

lecation: Qulf of Mannarx, July 1970. Total No, of Fish: 70.

. Perosnte
Peroente
age v
8l. ;eomach contents _%8®  gocuwy. VO -‘2".78"” Az

Ne. volume onoe
(v) (o)
1. Alima 1.22 2,08 2.557‘ 0.0%40 4
3. Fish soales 3.56 4.7 14.8452 0. 1989 3
4. Orust
romating 0.67 2,08  1.393 0,018 5
S. Digested matter 88.89 83.54 7408.0926 99,2973 |

Totals 100.00 100.00 7460. 5’7’ 100.0000
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TABLE 31

RELATIVE IMPORRANCE OF FOOD ITEMS IN THE STOMACH COHTENTS OF
ZUKIERLA ACURA YROX THE QULF OF MANNAR

locatien: Gulf of Mamnax. Augwst 1970. %Tetal Ho, of Fishs 85.

Peroent-
Peroent-
age
Bl. syomach ocntemts age cocuxr= ‘0 _f',*‘oo Rank

No. volume onoe
(v) (0)
f. Alima 0.65 1.85 1.202% 0.0159 [
. hm“‘ 0.11 1.85 0.205% 0.,0027 7
4. ¥ish scales 0.65 3.70 2.40%0 0.0347 5
$. Crustacean
romains 1.4 3.70  $5.2170  0,0689 3
7. Band m .41 1.05 2.‘0" 0.03“ ‘

1 B

Total 100.00 100.00 7575.3630 100.0000
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AL 32

RELATIVE INPORTANCE OF FOOD ITEMS IN THE STOMACH CONTENTS
OF DUBLUMINRIA ACUTA FROX THB GULF OF MANNAR

Locationy Gulf of Manmax. Septemder 1970. Teotal No.0f Fishi54.

oconte Peoxcente

Peox

8., age
o, Stemach comtents  mg | oin. VO ZVA100  Rank

(v) (o)
t. Adima 3.03 ‘.‘7 ”o"m 00“‘! 4
2. 'Tishes' 25.13 18.35  460.6329 10.6262 2
Je R aesan 4.87  6.67  32.4829  0.7493 3
3. ‘Mant naterials' 1.71 1.67 2.8557 0.06%9 6
3. Digested mattex 63.5% 60,00 3813.0000 8T7.961§ 1
‘0 Zish socales 0.53 ,03, ‘07“’ 0.0407 7
7. Sand gTaine 1.18 3.33 5.9294 0009“ 5

<= SN — d

Total 100.00 100.00 4334.8759 99.9999
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TABLE 33

ALATIVE IMPORTANCE OF FOGD ITEMS IN THE STOMACE CON?ENTS
OF DUBSUMARRIA ACUZA FROM THE GULP OF HANNAR

lecatien: ulf of Mannar. Ooctober 1970. ZTotal Ne.ef Fishi76e
Yerocent-

Pexroent~
age
ot 8tomach contents O ocurr- VO TVOR100  Bank
(v) (o)
'o '“. scales 1.02 ‘0‘7 ‘Q”“ 00“71 2
2. n“"‘“ mattex 98.30 91.66 9010.1780 99.9214 1
3. Sand grains 0.68 4.17 2"”‘ 00,0514 ,
fotal 100.00 100,00 9017.2670 100.0000
2ABLE 34

RELATIVE IMPORTANCE OF FOOD ITBMS IN THB STOMACH CORTENTS OF
DUSSUMIERIA AQUTA PROM PHE GULF OF MAFNAR

Loocationt@ul? of Mannar. November 1970. Tetal No.of Fish: 49.

Per m‘- P .tm'.

::':stouoh contents ':gcm “:g'm_ \{+) Zfﬂ'vo 100 Rank
(v) v
1. Alima 0.69 2.53 1.6077 0.0308 5
2. Acetep 0.69 2,33 1.607T7T 0.0308 -]
S. 7irh soales 2.59 4,6% 12,0435 G.2306 4
4. Crustacean remains 16.03 16,60 200.1580 5.709% 2
S. Digested mattex T7.86 62,79 4688,8294 93,6172 1
6. Sand grains 2.14 9.30 19.9020 0.3811 .

Tetal 100.00 100.00 $5222,1483 100.0000
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TABILE 33

REBLATIVR INPORTANCE OF FOUD ITEMS 1IN THR BTOMACH CONTIRNTS
OF_DUB:UNIRRIA AGUTA FROM THE GULP OF MANNAR

locatiens Gulf of Mannayr Deoembex 1970 Total Ne.of Fiah:78.

Poxresat- Peresat-~

:11:: Stomach contents v:f\.no o c“' Vo -z*wo Rank

omoe

v) )
'._ m 8.3 9.%53 79.3849 2,0174 S
2., Alima ‘o” 2.38 ,016“ O.M ’
3. Zoea 0.33 2.38 0.7854 0.0200 7T
4. Fish scales 0.67 2,38 1.5946 0.,0403 é
5. Orustacean remains $.00 a6 19 €654.7500 16,6389 a
6. Digested matter 60.67 52,38 J177.8046 00,7509

Total 100.00 100.00 3935.0441 100.0000
LaBuB 36

RBLATIVR IAPORTAICD JF FOOI ITEMS IN THE STomMacH CONTENTS OF
DUSDUMISRIA AQUEA ¥ROM THE GULF OF MABNAR

lecations Gulf of Mannar. January 1971. Total No, of Yishs 83,

Percent~ Pexoent- v
31, age
Koo Stomach eontonts ':f". 000U Vo -{v%noo Rank
enoe

1. Orustacean remains 4,52 6,06 27.3912 0.3045 2
2, Digeated matier 95.48 93,94 0969.3912 99.69%5 1

Total 100.00 100.00 8996.7824 100.0000
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ARl W

RELATIVE INPORTAKCE OF POCD ISENS IN THE STOMACN CONTENTS
OF DUBSUMIERIA AQUTA PROM THE GULF OF MAUNAR

lecation: Gulf of Hannay, February 1971. Total No.of Fishi70.

e

’.m‘. POIO.IC-
::: Stemach contents 13:-. age Yo -ﬁg-gioo Rank

SoONY T
MRnoe
(V) (0)
1. Aldmm 4.8% 7.%0 36,3730 0.7974 3
2. Copepode 0.59 2.50 1.4730 0.0323 S
3. Isopods 0.2t 250  0.5250 0.0115 6
6. Sand grains %5.88 %.00 29.4000 006“’ 4
Tetal 100.00 100.00 4561.8500 100.0000
TABLE 38

RTLATIVE IMPORTAHCR OF POOT ITRES IR THY STCMACH QuRILENTS OF
PUSSUMIERIA ACUZA FROM THR GULF OF MANNAR

Looation: dulf of Mannar, MNarch 1971. Total Ko. of Fish: 24.

Peroent. 26zo8nt-

31. m AN
To. dtomach contents ':gg-. oc - YO 'ZV%"OO Rank
onge
() . (o)

t. Digested matter 100.00 100,00 10000.0000 100,0000
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veze odsexved during April (15,.19%) and August (1,09%)
zespectively. Alima ranked thiwd during Tedruaxry and feuwxth
during April, Jwne and July.

Zesa was present as food from May to August and in
Decemdex. The maximum of 5,368 ocourrence was neticed in
AugwsS, On other months it cosurxred 2,86K in May, 5,008 in
June, 2,088 in July and 2,388 in Decembex.

Hegalepa was obsexved only during May wvhen the index
vas 0.2302 with 3,67 perosatage of oocourrence. On all othex
nonths it wvas sbsent., 3inilarvly, nysis and pagurid laxvae
vere also pmut\only in May when they oocurred 1.63% and
0.41% respectively,

Mha;:ou was noticed emly in Anguwst with 1,.85% ef
ocourrence. Japhipeds and isopods vere odserved im one month
esch during April and Jedrusry respoetively. ., gotieg occewmrred
An two months - in lay and Novemder with 1,237 and 2.3%% of .
00ourYeNnoe,

Uepapeds wore present as food during lay and Fedxuamy
with a zaximum occcurremee of 5.,51% in May. Roioellens was
noticed only dweing April whem iS ocourred 3,80%,

Young prawns wvere foumd to eccur in the stomach of
D. aguta Auring April to June and the percentaze of ooccurrence
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vere 35.80 4m April 2,04 in Nay and 1,67 4in Jwme., In all
other menths it was absent,

Crustacean remains ocourred as food froam April te
Septendber and Nevember 40 Februarxy. Ite coocurrencs ranged
from a ninimm of 2.08% in July te a maximum of 30,20% in
Nay. It attained the maximmm index of 24,0738 in Nay wvhereas
Deceader stoed seocond when the index was 16,6389, It secuzed
ths sscond rank amongst the food items during May, June and
Jovender to rebruaxy.

Molluscs: Mellusos were absent in the stomach of D. aouts
collected froz the Guilft of Mamnaxr durimg the peried April 1970
to Maxch 1971 exoept for a small sguid ocourred only omoe
(1.26%) in a fish in April.

'Fishes': Juvenile fishes cgouwrred as feod in the atomach
ot'y. A04ta during April, Nay and ieptemder, Its impextance
gs f£00d can be understood from the fact that it ranked asecend
in importance amorgst the food itemw during April and
Septembez. I% attained the maximum index (2%,1643) during
April with a maxzimum ococurrence of 18,99%. In May it showed
only 6.5%% of oceurrence whereas im September 18,35%% was
notioed, Fish egge vere preacnt im the stomaock only im June

with 3,33% of occurrenoe.

J2lant _materials': Plant materials vexe noticed as feod only
in saall quantities in 1970 wvhen they showed an ocourrence ef



2.,53% in Apxil, ’o,” ia Jumne and 1,67% in Septendex, In
no other months plant materials vere noticed in the stemachs.

Fish soales were obsexrved in the stomach during July to
Decemdbexr when their ocourreRoe xanged from 2,388 in Decemder
to 4.65% in Novenmder. Band grains were notioed frea July to
December 1970 and Februaxry 1971.

Digented matter dominated over all the feod items in
all the months of observation exoept on May. Its occourxence
ranged from a minimum of 9.39% 4in May to 100% in Mawch.

wuantitative
c - ALY :
J971.

analysis of stomach conteats of D .m. fxrom
: 0 *JL* D RAXG

SORVLPE WX REME Wi e £l

vata oollected fer a period of 8 months during Apxil,
June, July, Angust, Rovember and December 1970 and Zedxruary
and Xarch 1971 were availadle fer obsezvation from the Palk
Bay during 1970«71 poriocd and the details of the study are
presented in Tadble 39 to 46.

Sxustaceanst Imoifer was found to oocour in all the monthe
and 288 oocurrence ranged from s minimum of 2,13% in Noveaber
1970 t0 a maximum of 37,08% in Jume 1970. Based om the index
it obtained in each month it ocan de soen that it ranked first
in July, December and Pebruary whea the respective indioces
were 52,5908, 57.3962, and 44,3880, During June (33.54%4)



and Awgust (23.5781) it ranked second., It zanked thisd im
Apzil (9.7473) and fourth in Mareh (16,1313) among the foed
items during the respective months, IS odiained a ainimwm
index of 0.0183 in November when it had only the seventh
rank,

Alima oocurred as food during all the months othex
than June snd August, It renked first im the oxdex of
abundance during November whem the index was 735.3208
vith & maximum of 38,3074 of ocourrence, In Mareh 1t had
third rank with the index 17..4014and 16,17% of ooourrence,
The ainimum occurrence was notioced in Pebryuary (1.53%).

Zoce was present in the stomaeh of D. acptg during

April, June, Auguet and November 1970 ani ZFebrusxry and
Harch 1971, 1Its ocourrvemce ranged from e minimua of 0.76%
in Fedbrunry to a maximum of 11.,88% in April, and the index
for these months wexe 0,0036 amd 4,.4150 respectively.
Megalopa larva of 3rab ocourred omnly in four mcnths -
Novembex, Deocember, Februarxy amd March, Its oocurrence vas
6.38% ench in Novembex and December, 0,76% in Februaxy and
5.80% ia Maxreh. ZThe maximums index was notioed im Mawch
(0.5653 ).

Phyllosema laxzva of lobeter was present duxing August
and Kargh with a mazismug occurrence in the former month
(5.,41%), Hysis stage of prawms was present only in March
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TABIR 99

RELATIVE IAPUKTANCE OF FOW ITEMS IN THR STOMACE COLTENTS
OF DUSSUMIBRIA ACURA PRON THE PAIK BAY

leeations Palk Bay. Apxil 1970, Totel No.of Fish: %0.

————

reroent- Peroshte

:10: Stomach contents o8 QEE:‘:::- vo 26'8"00 Raxk
(V) (0)

1. Ingifex 10,73 17.82  191.2086 9,747 3
2, alima 7.94 9.90 78,6060 4.0072 6
3. loea 7.29  11.88  86.6052 4.4150 5
4. Porcellsua larva 0.T3 1.98  1.4454 0,0737 7
5. Fish egis 0.1 0.99  0.1488 0.0076 8
6. ‘'Fishea® 9.79 8.91  87.2289 4.4468 4
7. Pish scoales 0.04 0.99 0.0596 0,0020 9
8. Srustscean 25.94  22.78 590.9132 30.1240 2
9. Digested matter 57.39  24.75 925.4025 47.1760 1

Total 100,00  100.00 1961.5979 99.9998

Haz 1970, ¥o samples



TABLE 40

RELATIVE IMPORTAKNCR OF POOD ITEMS IN THE STOMACH CONTRNTS
OF DUSSUMIERIA AGUFA FRON THE PAIK BAY

Looations Palk Bay. June 1970. Tetal No, of Fish: %50.

Pexroont~

§.° Btomach contemts ’:&E- “2'?2_ VO —¥3x100 Rank

v) (o) .
1. Jcifex 28,14 37.08 1043.4312 33.5454 2
2. Zoea .30 1.2  0.330 0.,0108 6
3. Young prawns 0.50 2,25 f.1250 0.0362 S
4. '"Fishes' 1.70 1.12 1.9040 0.0612 4
$., Crustacean remains 26.36 26,97 7T10.9292 22.8557 3
6. Digested mattex 43.00 31.46 1352,7900 43.4907 1

Total 100.00 100.00 3119.5054 100.,0000
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TABLR 41
RRELATIVE IMPORTANOR OF FOOD ITENS IN THR STOMACH CONTENTS OF
RUSSUMIERIA AGUTA PRONM THE PALX BAY
Iseations Palk Bay. suly 1970. Total So, of Fishs 17,
. Percent-
Perxoen age
s1. Stemach ocontents age Oceuxrr- VO z‘%:v 100 Rank
Ho. velume enoe
(v) (0)
V., Imeifer 47.35 33.33 1578,1755 52.%5%08
2. 4dlima J.2¢4 10.00 32.4006 11,0797 &
9. Crustacean
remains 24.12 36.67 884.4804 29.4743 2

4. Digeoted mater 25.29 20.00 505.8000 16.0%52 3

Total 100.00 100,00 3000.8559 100.0000




TABLR 42

RBLATIVE IMPORIANGE OF FGOD ITENS IN THE S8J(MACH COKTENTS OF
DUS:UNIEKLA AGUIA ¥I.0M THE PALK BAY

Looationy Palk Bay. August 1970, Zotal No, of Fish: 15

Percente Peroent-

81, age Y0 Y2100 Ramk
No. Jtomsch contents ':f:.. e 0CUNFT= 'ZVS’

ence

(V) (o)
V. Incifex 29,67 21,62 641.4654 25,5781 3
2. Z00a 0033 ‘ 2070 0089'0 OOOS“ 5
4. Phyllosocaa ‘0‘7 S.41 9.0347 0.33214 4
$. gorceilans larva 0.33 2.70 0.8310 0.0%28. S
6. Jrustacean 34,00  25.75 1010,8200 37.1542 2

remains
7. Digested matter 32.33 32.43 1048.4619 38,5379 1
q'-‘u“___ e
Tofl.lt 100.00 1”000 2720.5987 ‘O0.00W

uptonba"-' and October 1970 Ne samples.
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TABLE 43

RELATIVE INPORTANCRE OF FOOD ITENS IR THRE STO’ACE QONTRNTS
'OF DUSGUMIERIA AQUZA FROM THE PAIK DAY

Looation: Palk Bay. HNovembex 1970. fetal Mo, ef Fisht 19,

- Pexoens-FoT O~ |
§o. Otosach cmtents  age .::'?:_ V0 —{§x100 Rank
(v)  (9)

1. jasifex 0.27 ., 2.1 0.575¢ 0.0183 7
2., Zoea 0.0%5 2.13 0.1065 0.00%4 8
5. Alfma 61.84 38.30 2368.4720 75.5208 ¢
4. “egalopa 0.42 6,38 2,6796 0.0854 §
5. Pish egce 0.53 4.26 2,2578 0.,0720 6
6. 'Plart matorials! 1.05 6.38 6.6990 0.2136 4
7. Crustacean remains 20,34 25,53 532.,04%2 16,9647 2
8, Jigested matter 15.00 14,89 223.3500 7.1217 3
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TARLE 44

RELATIVE IMPORTANOR OF POOD ITEMS IN THE STOMACH COSTENTS OF
DUSSUMIERIA ACUTA FKOM THE PALK BiP™

Leooatien: Palk Bay. December 1970. Tetal do.ef Fish: 29.

==

20T 00kt

Perosat-
31. m 9 :
No.Stoaach oemtents ooourr~ 'O 'Z%Wo Eank

volume . oo

(V) (¢)

t. Ingifex 50,95  27.66 1409,2770 97.3962 1
4. Aline t1.14 4,25 4.8450 0.1973 6
5. 4cates O.14 2,13 0.2982 0.012¢ 8
6. '"Fishee! 0.29 2.13 0.4899 0.0200 7
7. 'Plant matexriale’ 505‘ ’0064 580945‘ 2.“001 ‘
8. Jrustacean 7.59  19.15  145.3485  5.9197 3
9. Ligested mattexr 32,23 25,5% $822,8319 33,5118 @

January 1971 No ezrples.
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TABIE 4%

BREBLATIVER IMPORTARQE OF FOOD ITEMS 1IN THR STOMACH CONTINTS
OF DUBSUIIXRIA AGUSA PROM THE PAIK BAY

loeationt Palk Bay. Februaxry 197%. Total No.ef PRish: 33.

0 Pexoent. Percent.
*Stomach contents age age Vo ;}gxioo Ranke

No. volums OcOWrre
o’
(V) (0)
1. Imeifew 35.33 26,72 944.0176 44,3880
2. Copeped 0.54 5.35  2.8890 0.1558 7
S. Negalepa 0.08 0,76  0.0608  0.0029 12
4. Aime 1.4 1.55  2.2032 0.10% 8
5. Zoea 0.10  0.76  ©0.0760  0.0036 11
6. Young prawas 0.38  2.29 0.8702 0.0409 9
7. Bivalves 0.69  5.35  3.6915  0,1736 6
8. ‘'Pishes' 12,20 7.63 93.1623  4.3805
At +-aty 25.21  25.19 635.0399 29.8598 2
10. 'Plant materials' 0.58 00,76 0.4408  0.0207 10
1. Sand grains 2.21  3.08 6.7405 0.3169 5

12, Digented matterx 21.23 20,6 437.5503 20,5737 3

L AT T ST ————

Tetal 100.00 100.00 2126,7421 100.0000
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TABLE 46

RELATIVE IRPOKTANGCE OF FOOU ITEMS IN THE 8iOMACH QONTENTS OF
DUSSUMIBRIA ACUZA FROM THE PALK BAY

Locationl Palk Bay. March 1971, Total No,of PFish; 56,

Percente rorocat-
§o° Stomach centents age Vo ?E§g-xtoo Bank
* volume oouuz:nnoo

(V) (o)

Y. Jlucifer 14.67 20,59  302.0553 16,1319 4
2. Alima 20.15% 16.17 325.8255 17.4014 3
S. Megalopa 1.80 5.88 10,5840 2.5653 6
4. Zoen 0.80 4.41 3.5280 92,1884 7
S. Porcellsrs larva 0.30 2,20 0.6600 2.0352 10
6. Hynids 0.19 0.74 0.1406 2.,0073 11
7. Phylloscma A1 0.74 0.8214 2.0439 9
8. HNyris laxve 0.09 0.74 0.0666 0.0036 12
9. Bupsgvrid larva 0.09 0.74 0.0666 0.0056 12
10. Yourg prawns 0.83 1.74 1.4442 0,077% 8
1. ‘'Plant matexrisls' 2.31 5415 11.8965 0.6354

5
$12. Crustacean remains 352.44 25.46 829,9224 44.1102 '
13, Digested matter 25.22 18.44 389.3968 20,7966 2

Total 100.00 100.00 1872.4979 100.0001




and She percentage of ocourrence was 0.74. Pagurid larva
wvas netioced in the stomach of R. aoula only in twe months,
December and Nareh., BEwphauside, amphipeds, and iscpeds
weze completely absemt, Jygip of family mysidacea was
present only im NMaxrch. JAgeteg showed 2,13% of ocgeurrence
in Decemder and was adsent in all other menths, Oocpeped
vas found t0 oconr oaly in Fedbruary and the perocentage of
ocourzence was 5,355. [Pregellenp vas odserved iam three mouths,
April, Avgust and Marech and the ryespeoctivo ocourrence
pexrcentages were 1,98, 2,70 and 2,20, The maximus index
neticed vas 0.0757 in April. Yeung pravas were observed
a8 food 4during the months of June, August, Fedruary and
March and the percentage ocoeswrrTence rangsed from a minimum
of 1.74 in Fareh t¢ a maximwm 5.41 in August. The maximm
index (0.35521) was in August and the minimua (0.0362) ia
June,

Orustacean remains vexe found te ococur in the stemach
of P. aguta in all the months of observation from the Palk
Bay ocentres during the period 1970=71. 2The occumrence ranged
frea s minimm of 19,15% in December to a maximum ef 36.67%
in July. It odtaimed firxst rank amongst the food sitems
during March vhen the index was 44.1102 wish an ocourrenee
of 25,40%. During April, July, m,t. Kovember and February
4te rank was secomnd and during Jwne and December the rank
vas oaly thimd,
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Belluscoss MNolluses wore represented only by divalve laxvae
during the moath of Fedrwary and the ssccurrzence percenitage

JIishes': Juvenils fishes eccurred in the stomach eof
R.aguia from the Palk Bay ocextres im Apxil, June and
Deoemder 1970 and Yodxwaxy 1971, and ths pexrcentage of
osccusrence in thess monthe wexe 8,91, 1,12, 2,13, and
7.63 respectively. The maximum index was notieed in April
(4.4468) and the minimum in December (0.0200). Fish eggs
vere noticed enly in April and lovemder with a maximum
occurrence of 4.26% in Novembex.

‘2lant _matexials': ‘Flaat materials’ were obsexrved ia ths
stomach during November and December 1970 and Fodruary amd
Narch 197!, Maximwm occurrence of 10,64% was notioced im
December and minimwm of 0,76% in Zedruary. IV cocurred
6.30% iz Noveamber and 5,15% in Mawoch.

Pish soalesc were notioced only during April and Nevemdep
vhereas sand grains were present only Aduring Fedruwary,

Digested mattex dominated among all other rfood items
during the months of Apxril, June and August vhen it ranmked
first,. It occurred in the stemach in all the momths and the
pexgentage of occocurrenes ranged from a ninimwm of 14.89 in
November to a maximum of 32.43 in iwgust, Maximum index was
noticed im April (47.1760) and minimum in Nevembex (7.1217).
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PLATE VII

Noath-wise average volume points of stomach
oontents of Duscupierja gouta in day amd night
samples during 1969«70,

Nonth-wise average velume poiants of stomach

contents of D, gouta in day and night samples
dutin‘ '970-7'0

Honth-wise perceatage ocourrence of some
soleoted food items of D, aoNta for two years.

lagifex

Alime
Zoea

Young prawns
Crustaosan renains
'Fishes'

'Plant matexrials’,
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4.3, DIURNAL VARIATION IN FEEDING HARITS

During the oourse of this investigation a significant
variation in the feeding intesity of Dussumieris asuia
between day and night was noticed., JFor Shis stwiy samples
collsoted from shore~soine, trawl net and gill net wexe
used. Bince the oxact time of capture was not availadle,
the samples vere genexally growped inte twe major
eatogories, day samploe and night samples. The day sample
comprised of those fishes caught during the day time
betveen 6amand 6 p.n and the night samples reforred
%0 those fishes cauwght in the night, mostly in the early
wrning befors the sunrise.

. A total numbor of 874 fish from day cateh and 1373
fish from night cateh vere analysed for this stuiy during
the periocd ipril 1969 to Marah 1971, %The peroentage
ecourrence of ﬂo-ohe.' in various degrees of fulness in
day and night samples were ocaloulated and the results are
presented in Tables 47 and 48, JFroa the volume peints
alloted to each stomach, acoordiag to its degres of fulness,
the average volume points were caloulated for each mcath hy'
dividing the total velume points attained by all the fishes
fox the month by the tetal numbex of £ish examined im that
month, The fishes with the empty stomachs were alse
inocorporated in this calculation. The average volume peints

thus osloulated for day and night samples in difforeat amsnths
are presented im Plate VII, Figs. | and 2,
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During the year April 1969 to March 1970 (Plate VII,
Fig.1) 4t may be noticed that the monthly average velume
points of the night samples »anged from 35.28 ia Decemder te
8,95 in March and in the night samples from 17.77 peints in
April te 63,98 peints in July. This shows that the momthly
averages vere less than *‘trace’ condition (10 points) in
night samples and adbove 30 peints in day sample, except for
April and Maxch, Ko day samples were available in Fedruary.
During the swudsequent year, April 1970 to March 1971 (P1, VIl
Fig.2) the average volume in the night samples ranged fxom
2,89 in June t0 10,41 &n April, vhereas u the day samples

the points varied from 22,14 in March to 59,39 in Septemdex.
In i)u night samples, except for April, the average velume
wvas less than 7 and in the day samples except for Jume,
February and March it wvas above 30 (no day samples in Janwary
and Octobex). This shows that there is a clear variatioa

in feeding intensity of D. aguta betweem day and night.

D. aguts caught in the night had their stomachs
completely shrunken with thiock walls and prominemt internal
folds and most of these oontained no feod items and were
completely empty. ZThe stomaods with a condition of feed
tlittle' contained trace 6! highly digested and macerated
materials where the identity of food items had cempletely less.
Stomachs with highex oonditions of feed were very rarely



notiesd, Comtyary to this the Lish cawght ia the day

time had stomachs with varieus degrees of fullness, Omly
very fov stomachs were empty and those designated as ‘'little’
had their walls showing the signs ef . dilation dy seftening
of the stomach walls and smoothening of the internal foldas.
The food i%oms present inside vere fresh and were clearly
identifiadle., This indicated that the £ish has Just
consenesd te feed, It may be emphasised that vhile the
ocategory 'little' in the night sanples is the end point

of the process of digestion, that of the day (moxning
hours ) samples is the commencenent of the feeding activity,

During the period, April 1969 to March 1971 samples
from night catch were available in nll the months, Exeept
foxr Febxuary 1970, Octeder 1970 and Javuary 1971 day
samples vere available im all other months.

Throughout the period it wac observed that the
pexoentage of empty stomach was very low in day samples,
wvhereas it was very high ia night samples (Table 47). Ia
the 4ay samples during the first year the empty stomach
ranged froam a ainimum of 2,33% ia Sepiember 1969 te 16.67%
in Decemdber 1969. 1In April, July amd August 1969 and in
January 1970 empty stomaohs were ocompletely absent in day
samples, The percentage of empty atomachs in the day
samples for the whole year was only 6.05% (Table 49). Im
the night samples, during this pexied, the empty stomachs



zanged from a ainizwm of 15.356% in Septenber 1969 te &
maxinum of 67.21% in Decemder 1969 and empty stomachs werxe
present im all the months without any exoeption (Tadle 47),
and 1t gave a valus of 35.64% for the yeaxr (Tadle 49). The
pexoentage of 'little’ stemachs ia the day samples during
this period was 29.37 (Table 49) which ranged from 3,64%
in June 1969 to 69.23% in April 1969. I= the night samples
the perocentage of ‘little’ stomach was 62,69 and ranged
from 32,79% in Decemder to 83.0%% in January 1969.

During the subsequemt year, April 1970 to Maxeh 1971,
(Zable 48) in the day samples the empty stomachs ranged
from s minimum of 3,035 in Apxil 1970 t0 a maximum of 11,768
in Degoembex 1970, vith a value of 2,57% for the year
(Table 49). Bopty stomachs vere completely absent im May,
July, Aungust, fSeptemder and November 1970, In the night
samples during this period the empty stomachs ranged from
a minisum of 93.359% in April 1970 to a maximum of 71,05%
in June 1970 (Lable 48), with a value of 59,61 for the
whole year (Table 49). Hapty stomachs vere observed in
all the months in night samples during this period., The
percectage value of 'litlle' stomachs in day sample vas
30.14 which ranged from 5.88% in Lecember to 51.35% in June,.
In the night samples for the yesr 47.,55% stomachs were im
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TABLE 49

PEROINTAGE OCOURKENOR OF STOMACHS IN THRER MAIN CATNGORIES
OF FUINESS SHOWING THR DIURNAL VARIATION IN FRELING AOTIVIRY

IN DUSSUMIBRIA ACUTA FOR THE PEBRIOD APRIL 1969
20 KARGH 1971

Degxee of
Toars fullness

L

1969-70 mpty
114t81e"
Y4 full and
abeve
1970-71 Bmpty
'Listle’

Y4 full and
above

7
1)}

12
i29

6.0%
29.37

64.%8

2.57
30. 14

67.29

237
452

12

310

1a

J5.64
62,69

1.67

50.61
47.55

1.84




the category of 'l1ittle’ (Tadle 49) which ranged froem
20,935% in Jumne 1970 to 62,06% in July 1970 (Table 48).

In genexzal, in the day sample only 6.05% stomachs
during the first year and 2,97% stomachs in the seoond
yoar were empty, whereas the rest eontained fresh food
items in varigus degrees of fullmess (Table 49). In the
night sample (Table 49), 98.33% stomachs Guring the first
yoar and 98,16% during the second year vere eitherx ‘ompty’
ox 'little’. 3inco the 'little’ stemachs of the night
samples ocontained no fresh feed components othexr than
some pulpy digested matter, it was inferred that, im effect,
in the night samples, the fishes with doth these categories
of stomachs ('little’ and ‘empty’) were net feeding in
the night. IS was observed in the night samples thad, oaly
1.67% fishes Auring the first year and 1,84% fishes during
the second year had stomachs with various degrees of fulmess,
These low vilues revealed that the feeding activity of
B. aguta vas negligidly lov in the night and evem if emy
ooocurred ocould only be scoidemtal.

The ocourxence of such a diurnal variatiem in the
feeding intensity of D. aguta suggests the posaidility of
the illumination deing limked with the feeding habit of Shis
fish, 7TFrom the qualitative analysis of the stemach contents,
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it wvas evident that the fish fed mainly on orustaceans,
especially Jmgifexr, alima, soea, megalopa, etc., and other
than orustaceans they fed mainly on *‘fishes'’ of whieh
Stelevhorus sp. vas the dominant one. They alse imgested
sene ‘'plant materials’ dus no diatoms were cdscrved in the
stomach, 3uch a coaposition of the diet suggests that the
fish prefer some food items %o othexrs and in order %e
piock up these favourite items from among the myriads of
plankionic items arocund them, D. aonia, make use of the
day light illumination and has adepted a hadit of day
feeding.

4.4, COMPARISON OF THR STOMAGH CORTENTS OF
AQUIA YRON THB GULP OF NANGAR AND THE PAIX BAY.

For a comparison detveen the astomach contents of
2. aouta from the Gulf of Mamnar and the Palk Bay, data
vore available for most of the months, during the twe year
pexiod from April 1969 to NMareh 1971. From the Gulf of
Hannar area, though samples were available im all the
nonths, only empty stomache or stomachs with some digested
mtter and aoccidental inclusions were available during
August 1969; Janwarxy, February and Octebex 1970; and
January and February 197%. 7ZThis ocam be attriduted te the
day feeding habit of the fish and the non-availability of
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the day camples during these months, 90 in offwct, these
nonths were not taken into accownt in this comparative study
ef the food of fishes from these Swo different leocalities,
Also, during the other months, fewer day samples wexe
available frem the Gulf of Manmnaw, Hence the varieties

of feod items and their relative adundance were amoch less
during oertain months and for the same reasen almost in

all the months the digested matter ramnked first in oxdex

of adundance. Irom tho Palk Bay, oxcept in May and Ooteder
1970 and in Jamuary 1971, in all othexr months samples were
available for comparisen and since majority of thea were
fxom day catehes their stomachs invariably centained
varieties of fresh and identifiable foed items, In shorxt,
data for actual comparisom of feed of D. aguia frea the
Gulf of Hamnar and the Ralk Bay was availadle only im Apxil,
June, July, BSeptemdexr, Octeber and Kovember 1969 and in
Naroh 1970 during the first year (April 1969 te Maxroch 1970)
and in April, Jume, July, August, Novemdex and Decembder 1970
and in February 197! during the seoond year (April 1970 te
¥axrch 1971). In this ocomparison since the genexal categorioce
like digested mattexr and ocrustacean reamains were only
unidentifiadle remnants of food items, and othexs liko fish
scales and sand grains vere only ascidental inclusions Shey
vere omitted and only ideatifiadle food iiems were takem
inte oomsideratiom.
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A comparative aceouat of the perosatage ¢f eecusremce
of various feed items obsexrved in the stommohs of ). aguta
frem the Gulf of Mannar and the Palk Bay ia different months
from April 1969 to Narch 1971 1s presented in Tadlos 50 amd 51,
The following comparison is made in texms of adundanoe dased

on the index of prependerence.

During the fixet yeax, (fable 50) in Apxil 1969,
alima vas the dominant food item in the diet of D. peuta
from the Gulf of Mannar and Lusifex ranked socend im
abundanoce, In the stomachs of fish from the Palk Bay, duriag
this month, the same twe items, Imeifer and alims vwere
obsexved, but the former dominated,

In the stomach of fisk from doth the Gulf of Namnarx
and the Palk Bay [ngifer was the predoainant item during
Juno 1969 vhich wvas followed by seea in those froam the Gulf
of Mannar and by alima and msgalopa in those from the Palk
Bay. In these months tiu varieties of food items were
greater in the Gulf of Nannar samples than those from the
Palk Bay.

During July 1969 the number of sctively fed fish was
very low in the Gulf of Mannar samples. The number of feod
1tems and their abundance were poor and amongst these,
copeped vas dominant., In the diet of the fish fxom Palk Bay,
though the varioties were few, Luoifer domimated inm $his
month, juvenile fishes ranking second,
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The stomach ocentents of £ish froam the Oulf of Nanmaw
revealed juvemile fishes a» the most dominant item of feod
in September 1969, vhereas in this menth it was Ingifex that
dominated over all othexr items im She dlet of the fish fxom
the falk Eay. In both theso lecalities alima rasked second
in the oxdex of adwndanoce. '

During Oetobexr 1969 in the fish frem both the Gulf of
Nasnar and the Palk EBay iugifer was the prefominant item eof
food, vhich wvas folloved by alime in the lattex lecality.

Ilvcifer was the only food item noticed in the diet of
fishes from the Gulf of Mannar during Novesder 1969, while
there was a great variety of items in the stomach contents
of fish from the Palk Bay, of which [ygifer was the meost
predouninant item, follcocwed Dy alima and 'plant materials® in
the oxder of abundanco.

In the diet of fish from doth the Gulf of Mannax and the
Palk Bay, during March 1970, alinoa was the dominant item and
vas folloved by Imeifex in Doth these localities, Zoea hadh
fhm rank in the Palk Bay samples and thie place was occoupied
by Juvenile fishes, in the Gulf of 'Isnnar sazples.

In the sudsequeat year (April 1970 te Maxch 1971)
(Table 51) during April the stomach of {ish from the Gulf of
Nannar contained 'fishes', and fish from the valk Bay had
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Insifex a8 the dominant food items . In the former loeality
'Cishes' vexe folloved by Imcoifer and alima, while ia the
latser oase it was °‘fiches', 3cea and alima that followed
Jisifex in oxiex of adumdenoce.

In the diet of fish from doth the Gulf of Mannar and $he
Palk Bay jpgifsg ves the most dominent item during June 1970.
Alima ranked secend, next to lneifer in the foed of the OGmif
of Xannax samples and this plaee was ocoupied By 'Juventile
f£ishes' in the Palk Bay sasples,

There vere fewexr food items duving July 1970 in both
the localities. Ia the Guif of iismnar sazples alime and soea
wexe the only items of which the former slightly doninated
ever the latter and in fish from the Palk Bay tho items netioced
veze Imcifer and alima of whiock Jaucifer was the predominoant eae,

During August 1970, zoea was the doainant item in the
food of the f£ish from the Gulf of Hannar while Iamcifer dominated
4n the diet in fish from the Palk Bay followed by young pEawns
and phyllososa.

In the stomach of fish from the Gulf of Hunner alime and
Agates were the only items ebsexved during November 1970 and
they were oqually ranked. In the Pzlk ey samplee during Shis
month She itows were amore and amongst them alima Wss the mest
prodomninant one.
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Incifer doninated as the lapextant focd item in the
diet of the fish fxom Dota these losalities during Desember
1970. In the Gulf of Mannar samples alimm was second in
abundance next to [igifex and this place was oecupied by
‘plant matexials' in the Yalk Bay samples. During this meath
thero wvas a greatexr variety of feod items in the stomaoh of
fish fyrom the Palk Iay as oompared to the fish from the Guif
of Mannar,

During Fedruery 197f toes, a greater veriety of items
wvas notioed in the Palk Pay samples tham in thoso of the Gulf
ef Yemnar., In the lattex omse, alima, copepod and Ssoped, in
ordexw of abmndance, were the oaly items, In the dlet of fish
fron the Palk Bay in $his mexth, lsncifer wes the most
predominant item, Juvenile fishes ranked next %o Jucifex.

The particulers given above on the diet of 3. goula
from the Gulf of Mannar and the Palk Bay at the same peried
indionte that the major food consSituents were essentislly
sana in both theme logalities., The relative importance of
any given item at one place was probably ue to the abhundance
of that item in the environment there.
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4.5. YRAR 20 YRAR VARIATION IN THE FOOD OF DUSSUNIBRIA ACYRA
FRON APRIL 1969 TO NARGE 1979,

A couparisen ef the amalysis of stomach eontents of
Deeauniexis anlia for tvo conseeutive yease, Apxil 1969 te
Nawoh 1970 and Ap3il 1970 e Nareh 1971 wvas made during Shis
stwdy, Jex this purpese the samples fxem the Oulf of
Hannar and the Palk Bay were pesled tegether montdh-wise,
sinoe there vas ne gqualitative diffexence obsexved in the
die% detveen samples of B. AgAiA frea these twe lecalitise.
The perosntages csourzrenee, the peroentage velume peiants and
the index of preponderence edtained by ecach fool item were
saloulated separately foxr the years menticoned adeve, The
zesulte are presented in Tables 352, 33 and 54 mespeetively.

Ia Soth the years cxustaceans were the growp that
csnstituted the main feod of Shis fish, During the firet
yoar Jncifex vas preseat ia all the moaths exeept in Fedbzwary
1970 vhezeas during the sescnd year i% was adsent in thxee
months in Jeptemder end Cetedexr 1370 and Janwary 1974
(ra, viI, Fig. 3). During the fivet yearx maxinum 0COUITeRe®
wvas notiesd in Decembdexr 1969 with Nay 1969 raaking seeend,
wvhereas during the secend year theso places were secsured by
Kay 1970 and Decomdex 1970 (Tadle 52).

Alima, like Imgifaz, wvas fouwnd %o ocewr im almest all
the monthe of Deth the yoane oxcept Aunguwst 1969, Fedbruary and
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Octedex 1970 and January 1971 (P1. V1I, Pig.4). In Maroch
during both the years the ccourrence wvas almost cane
(15.64% and 15,07% respectively). During the firet year
maximum ecourrence was in Nareh 1970, whereas the naximumm
during the seocend year was in Novemder 1970 (Table 32).
This seems $0 indicato that alima is an egually importanst
food itom ef D, aouta, a8 Jngifer, and wvas oonsumed in
lazgo quantities vhenever available.

Zo0a vas observed in smaller quantities in April %o
June, August, Janwary and March during the first year and
in all the months other than Septomber, Octeder 1970 and
January 1971 during the soocond yeax (P1., VII, Fig.5).

Megalopa, compared to soea, was odaerved im 7 months
during the fir:t year with the absence in the months of
Apxil, Augwst and Decembexr 1969 and PFedzuary and Mawch 1970.
But during the second year omnly im % mornths, in May,
Hevomber, Decemder 1970 and February and March 1971, it was
obsorved among the food of ). aquta. In doth the years it
wvas absent during Apxil (Tadle 52).

Ryeis stage of prawms osourred in May, June, Septembdenm,
Decembex, Janwuary and Maweh during the year 1969-70 while 1%
was present only in two months - May and March - during the
subsequent year 1970-71.
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Eupagurid larvas werv jiecent ocnly in Novembex 1969,
January, March and Deocember 1970 during the first year
and enly in Maxch 1971. It ecownrred only im very few
nusbers.

During the first year suphausids wvere present in
threo meathe -~ June, Gotodbexr and Janwary; dut in the next
yearx i% was presont only in August. Amphipods vere odbserved
in Janwary and March during She first year, vhereas they
ssourved in March omly during the soeond year., Isoipods
wore present only in ene month of sach year i,e. June 1969
and Febrwary 1971,

Kysid was present in Octobex, Deocembor and Janwary
during the year 1969-TO while it was observed only in Maxch
of the year 1970=T1. Acg$ep oocurred in two months -
Octedor and January - during first yoar and in three months -
Hay, November and December - during seconéd year,

Copeped was noticed in May to July and Rovemder to
Jaruary in 1969<70, while it occurred only in May and
Podruary in 1970-71. 2oxgellons showed a highex® ooocurrence
during the fivet yeax than in the second year dy appearing
for five months in the fixst and three menths in the secend
youz,

Young prawn was represented in 8 asuths during first
yoar and 6 months during secomd year. The percentage
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oceurrenee vas also higher in #ixss yoar than in she second
yoar (Pl, VII, Fig. 6)., Maximum cceuxrence wvas netioed in
Nay 1969.

Crustacean remains were obsexved in high percentages ia
the stomach of D, goutp im all the months except Fedbrwary 1970
during first year and October 1970 during second year., The
maximum ocourrence in the first yeaxr was notioced in Jume, dwS
this had only seoend rank in the second yeax. May, in second
yearx, had the maximum ocourrence of crustacean rexaias vhiol
vas second in rank during the first year. 0On an average, the
porcentage ococurrence ¢f crustacean remains was little higher
during secord year than the fizet yeaxr (P1, VII, Fig. 7).

Among molluscs, bivalve laxva wvas represented im beth
the yeax, in May 1969 and Fedbrzuaxy 1971 with a high peroemtage
of ocourrence in second year. The ocourrence of one 3piratella
ia Jenuary 1970 and one squid in April 1970 were considered
only as sceidental,

'Fishes' ocourred in April te July, Septexbexz, Octederm
and Decembexr 1969, in Jemwary and Maweh 1970 in tho yeaw
1969-70, and ia Apxril to Jwie, Septembez and Deconber 1970 and
Fobruary 1971 in the year 1970-71. Though the juvenilo fishes
ocourred in more aonths of the first year than the second yeaw,
the pexocentage of cccurrence was oemparatively highex during
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the seaond year (P1. VII, nc. 8). Tho maximum ooourrence
vas odserved in May during the fiwst year, while the maximua
during the soocond year was im Septeambdex. It sppenred that
this itex was preforred by the fish and wvas consumed im
large quantities whenever available. The fish egge were
noticed in the stemach of D. aoulis in June 1969 and Mareh
1970 during the fixrst year, whereas in the second year they
were present in April, Juns and Nevemder.

The 'plant materials' were presens for seven months
in eseh year. Jluwing Nay and Octobexr of dDoth the years it
ves not represented, In 1969-70 it was adsent in Decemder,
Fobruaxry and Nareh also, while it was present in theso monihs
during the seocond year, Similarly, during the year 1970=T1
it was abesent in May and Qctodber and auditionslly 4im July,
Awgust and Januvazxy, while it was present in these monthe
in the fizot year. The maximm oceonrrence was noticed im
November 1969 and Maxch 1971 for the fiwst and second years
respectively (P1. VII, Pig. 9).

Digested matter oocurred in all the months from
April 1969 to Mareh 1971 in vexy high percentages im beth
the years, 7Fish scales and sand grains were presant duwing
botk the years in majority of the months., ZTheir oceurrense
wvas considered as accidental intrwsions.
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TABLE 54

A OCOMPARISOE OF THR INDEX OF PREFONDERENCEB OF VARIOUS YOOD ITENS
OF DUSSUMIERIA ACUTA IN DIFPFERENY YEBARS FROM APRIL 1969 T0 NARCH
1971 (POOLRD DATA FOR THR GULP OF MANKAR AND THE PALK BAY)

n. M '.m - S H;“;Ln‘ = e
No. 4tems April May June July Awg. Sept.
'. Jmoifex 1969-TO 6.8578 31,5231 16,0580 1.6567 1,0274 4.3670
1970=T1 T.T6TT 66.1341 17,4644 3.6816 1,2814 o«
2. Nyside 1969-T0 - = o aen .
S. Amphiped 1969-T70 - -— - = - -
1970-7t 0,001 = - - - -
4. Baphawsid 1969-70 - L 00,0073 o= -
197071 - - o= 0.,0018 o=
4TVE 4970-71 0.0780 -— o == 0.,0018
8. AggYeR  1969<70 == - —_ ew -
1970-T1 - 0,009 - — o -
PravBS  1970-71 0.0094 0.0255 0.0329 == 0,0180 =
1970-7T1 4.2462 1.1793 0.3074 0.2009 0.0108 0.4662

Continued
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NORTHH
81, PFood — —
No. items T*8™® o4, Nev. Dec. Jan.  Peb. lMarch
V. Jmaifex  1969-70 16.5323 20,0260 12.3917 0.1034 ==  5.3464
1970-T71 - 0.0038 18.0948 == 19.35234 12,1389
5. Amphiped 196970 == - D 0.0398 - 0.0012
4. Buphausid 1969-70 0,0899 o - 0.0617 —— -
1970=-71 - - - - e -
,o Iﬂwod '9‘9‘70 - L - ) - s
1970=T1 o= - - - 0,002 o=
é. Copepod 1969-70 — 0.0034 0,0032 0.,0191 e =
197071 -~ - - avee 0,118 o=
arva ‘97&7' o o= = o= - 0.0“,
1970-7V = 0.0159 0,0024 == -— -
2rawns 1970=-T1 - - O - 0.0178 0.0490
10. Alima 1969=70 1.4736 6.6106 0.0153 0.0355 - 9.510%
1970=T! o= 17.8904 0.1513 ww 03600 1%.0970

Cont inued -
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B, Pood N HQURES —
No. 4items | April Moy June July Aug. Jept,
SOBS  1970-T1 - - - - 0.0180 ==
13. Zoea 1969-70 0,0023 00,0113 0,1650 == 00,0060 o=
197071 - 0.0070 = - — .
16. Crusta~ 1969-70 6.%5466 24.0518 10,3326 0.32% 0.9322 6.08098
oean .
Senas 1970=T1 15,7199 24,0738 19.1407 2.4159 2.6946 0,7493
17. Bivalve 1969-T0 - 0.0007 o= - - -—
lazva 4970-71 - — - - - -
18, Geantroped 1969-70 - - - - - -
197071 0.0017 - - - f— P
20, Plant  1969-T0 0.0619 ==  0.0005 0.0038 0.0256 0.0003
Hateriad'1970.71 0,0159 ==  0.,0519 «= — 0.0659
21, Digested 1969-70 78,9870 31.8035 ¥3.2424 97.9062 97.9940 89.6287
Batie® 1970-71 60,0834 5.2332 62,9355 93.2190 95.7121 87.6910
22, Fiskh 1969-70 o - 0.0022 o= - -
25. 'Fishes' 1969-T0 0,310 T.3973 0.0468 0,0060 == 2.7494
1970-71 12,5829 2.99684 0.0233 «- - 10.6262
24, Tish 1969-70 0.0029 0,2228 0.0126 0.0%02 0.,0007 0.0470
scales 1970-7TY 0.0006 - - 0.1461 00,0216 0.0407
eraims 1970.71 - — -— 0.3296 0.0235 0.0906
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——

[ 2§ Yood MONZHS
d r.m R A ]
No, 4items ook, Nov. Deo. Jan. Ted. Narch
soma 1970-71 e -— - o - 0.0327
15. Zoea 1969-70 - - - 0.0027 o= 2.372%
14. Kyeis 1969-70 o - 0.0074 0.0096 = 0.0067
lazva 1970-T1 - - 0.,0024 == - 0.0028
16, Crustaomn1969-70 7.2162 16,2763 2.8629 5.5211 == 18.5938
remains 1970-71 - 15,5676 14.2320 0.3045 25,8633 35.5514
18. Gastropod 1969-7$ - - - 0.,0189 «= -
19, Squid 1969-70 - - - - . -
IO. ‘Pw , '9‘9"70 L ’o 9387 - zo.‘“ Lol L
Naterials 1970.71 -  0.,0476 0.4743 == 0.0090 0.478§
21, Digested 1969-70 73,9406 49.8356 83.8539 ©0.8842 99.9779 63.9108
matter  1970-71 99.9214 68.125% 66,7388 99,6955 51.7521 40.048%
22, Fish eggs 1969-T0 o e —— ) - 0.0260
1970-71 - C.0159 - -  — -
23. 'Tishes' 1969-70 0.0385 o 0.8624 0,025 o 0.0539
1970=T1 - - 0.0040 == 1.9080 .
808168 197071 0.0472 0.1179 0.0153 == - -
ETAiNS 1970.71 0,0314 0.1954 0,1714 == 0.5677 ==
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Thus it mey be observed that She major food items,
such as jmoifex, alima, megalopa, crustacean xemsinms, 'fishes®
ard 'plant materials' did not shov any majoxr variatiens in
Sheix ocaurrence between the years and remained as the major
food items during these ccnsequtive years., Uther items whieh
occurred as food in minor quantities did not showv any
regularity sx coxrrelation im respect of time and their
presence or absence as food in these yeaxs. 8o, it oownld
be assumed that these items get into the stomsoh 3f D. aguls
inocidentally aleng with the aajoxr foed items,

4,6, OCOURKEWOB ¥ FOUD ITENS XN VARIOUS SILB QROUPS OF
ARSUNLERIA ACTIA

Bise-wise analyais of D. pguts and the food itoms
consuned by different sise groups vas made %o understaend
whether there is any specificity or salection fer difforeat
food 1tezs by fishes belonglag to different sise growps. Pex
this purpese the Iishes were growped into 5 mm, sivre groups
and the peroentage occurrences of various food items in the
stemack contents of fishes belonging to these eoizo groups
wvexre caloulated for two consecutive years from April 1969 te
March 1970 and Apxil 1970 te Mareh 1971, The details of the
data are presented in Tables 55 and $6. The sise range during
the £irst year was from 46 %o 1635 um, and during the secend
yoar 66 to 165 mm, Mgty stomachs vere net included in this
stwdy.
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It mny be observed from the Tablo 535 and 56 that
Incifer was the mest imporxtant food ftem of L. aguds
preferxed by all the sises of fish from 51 to 160 mm,

(Pl. VIII, Fig.1). 4Alimm was fourd in the stomachs of
fish ramging fxom 106 to 165 sm. (Pl, VIII, Fig. 2) and 4t
occurzed almest uniformly in all the sise growps within
this range.

Zesa (P1. VIII, Pig.3) was noticed in size growps
belonging to sise raxnge fror 56 to 20 mm. zrd 111 ¢to 155 am.
It was net chsoxved in a size range fxem 91 to 110 mm, Ths
perosntage occurrence was higher in smaller sise groups thaa
in the bigger sise growps. MNHegalepa was found %0 occur in
ranges from 76 %0 90 mm, and 106 to 155 mm, only (P1.VIII,
Fig, 4). It could be moticed that 1like teea, megnlopa alse
ogocurred in iporeasing percentages is smaller siso grews.
Phyllesons, mua,_ anphipods, eupknusids, isopeds, 2roogllsba,
Age3eg and fish ogss woere notioced only im Lishes above
101 sm, sise. Theae items ocourred in very low pexcentages.
Aysis otage of prawns was noticed in a sise range frea
66 to 80 ma, =nd 10t to 140 mm. with high percentages in the
formex grovp. Copepoeds were predominant im a sive range of
%6 to 100 ma, (P11, V1II, Pig. %5). They wezre also moticed in
minox perenntages in the sise range frem 1351 to 155 mm, Yeung
prams were soen ip the stomach of fiskh belonging to a sise
range from 66 to 150 mm, nd they were found in inexeasing
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pexroentages in fishes having the longth hetwveen 66 te 115 mm.
(P2, V11X, Fig.6).

Another food itea found in the stemach of fish of all
the sise zroups in higher percentages was crustacean remains
(Pl, VIII, Fig. 7) and this item vas almost equally domiagnt
in all the sisze groups.

Bivalve larvae wezre scen in the stenachs of fishes of
restrioted size range between 66 and 100 mn. They were also
netioced in the sise sroup 96 - &0 mm.

'¥Fishes' were noticei iu the diet of fish rangimg from
66 to 165 mm., and Shey ecourred almost wniformly in all sise
gzoupe ef this sise range (Pl, VIIl, Fig.8).

‘Plant materinls' vere foumd in the stomach of Lish of
a eise range from 81 to 165 mm. (P1, VIII, Pig.9) and was
dominant in the 61 to 110 am. sise runge. Digosted mattex
was present in the stoaach of fishes 9f all the sise greups
from 46 to 1635 mm,

Fron the above data it could de noticed that [meifer
and oxustaoean remains were the items wvhich wore comsumed
by fish of all the size groups. Othexr food items consumed
by fishes belomging to a wvide range of 8ise groups were zoea,
young nrawns, °‘fishes' and ‘plant aaterials'’, Allnaa, asgulops,
phyllosoma, mysids, amphipods, isopd, Rercellapl, Aastes and
£ish oggs vere dominant in fishes above 100 nm, vhereas others
dike cepopodn, and bivalve larvae vere xostriuvted to fishes



POGEE JUG)

- == 19°9} €£°8 - 00°62 —  €£°8 — o= - - g4 SOI~i104
-— " e - - 0% - -— — - e -— ¢ 001-96
—_ - - — — 00°0§ — - - e - -— 9  G6-16
9 = - — - 00°6L &2°'9 - G2°9 -— G2 - 9 O06~90
00°0} - — -— — 00°$6 00°S - 00°6Z — 00°0} = 0z g8~i8
€y = — - - PL°LS 624~ - a= §2°% 6Z°FL L OB-9.
6t - — - -— 00°0% ¥i1°L - PR -~ - - L Sl-iL
g0°¢z = -~ -— - 00°00) €0°EZ 69°L SI'9y — — — €4 oOL~99
-— . == - — 00°00) ==~ -— —_— e - - y S9-i9
05°ty ~ — -— - 00004 = - 00§ — - - 8 0996
-—— - -= -  00%§ = e, T 1
—— - - -_ -— — -— = == == =y 05
Z x
- _

M _w. m w m m M w m m qeys (=
HEE S S S oo 8 3 x| ey
S 2 P ¢ | ®

OL = 6961 ¥VII X3 HOL
VIOV VTTHOSEAd 4C 2000 §2I8 IXTINILTIT NY SWEIT 2004 SNOINVA 40 SONETENOD0 EOY IMSOuNd

$6¢ TITEvy

- £91 -



a

+

-— - — = - - —~ - - em  e= - 2 €91~19}
— - — == am = —_— == - e = - € 091=95)
- LY — QLY ==  ETW) == == - == 9l°% 62°WI 1T SGI=iG1
9% — 9% ==  Gi°Ly == - ~— == 69°F 6GI°LL ¥9 O0GiI=9¥}
€8°y — 260 = — €¥L} = == €A°} = 6G°F 10°44 601 S¥iI=i¥}
L9°0 == —  §C°L 10°T O06°SZ ¥E°L ¥E°L S0P — OL°Y 90°ZF 6¥% OFi~9(}
€6°0 == 90°} == 09°F 2L°8T £6°0 90°% €£1°z ~— L€ O05°CL 8Bt SC1-1K4
- 18°C I8°0 =~ 18°0 @p°CZ =~ {8°0 19°2 — IlB°0 96°9 GiI O51~93¢
-— - - w= == CO'FZ == = 6 = §9°F, 981 6% 6€2i~1Z}
= - - - - L -  gn°g - - £0°C 60°6 <5 OZI-9i4
— == —  em  m= CE°GZ == == L% OL°C o~ %11 LZ Shi=iiL
— ==  Je*§y L13°9 — 00°0F = L93°9 ~— = 0002z — G} O1I~90i
M K ; 43 .n. 3 (] 4 s
s ¥ ¥ 1 3 B9 3 F 2 E 50 e
$ 3 g E & B . ] *oy  esIg
2 sg ’ g
s - i ¢

(°*°°*°pauep) $¢ OTQeL



PORTF I WOD

L9°94 €E°QG LTIV — = = =— 00°0§ L9°91 == - By SOI~i03
- 0C°0P 0002 =~ <~ = = 00°CF — - - ¢ 00496
L9°94 00°0§ = — —= == == Co( -— -— - 9 G616
$2°9 00WWOS°2) GT°9 = == == 00°GL os'gt =~ - 91 06-92
— 00°6 00°6} 00°0} —~ = =~ 00°06 00°6¢ - - oz <8-1s
- 1688 =62 —~ — — £y 62°v - - L o8~9L
oL LW — — — — = L "L - - v SL-il
- - == e= e ~ = 00°00} 8<°S) - - €L OL-99
— — = e = = e= 05001 — —  00°SZ ¥ 5919
- == = = == == 06°2| 0$°/8 - -~ - 8 0995
= We = = = = = oo - — = & 585
- 00°00} =— == == == — 00°G2 - - - y 059
Eoap kg BRI ED OB g,

° mm xm ﬂ m m. mu mm W a-«u n. (ox
JLH m i 8 ER ¢ i a o8

(°°**°pamep) g5 OTIqQ8]
-G -



— = 000} = = e = e = = = = 7 g9l
— = 00004 = = == == = e = e = 091~96
- -  §1°9 - - - - == S - - 9L°F T SSI=iS)
$T°9 69°y 18°28 £i°€ e°9 - = = 61°LL 69°F 95°L = P9 OSI-9}
L9°S L9°C Lo°9® 65°F £8°Lt 26°0 =— = P6°2C 0§°C ~— - 601 Shi=I¥|
(YA | 0Ly 06°%e 89°C or°6 = L9°0 == ES°LZT 10°T L9°0 89°T 6% Ovi-9K})
$1°0L  6L°Y 18°8L £i1°2 B°C 09°F = = £6°GZ 99°Z 09°I 90°1 o8I SKi-iL}
1 At 4 YLt Te°Ly YLy 96°9 I18°0 = == 3TW°LZ ¥L°) 18°0 = Gil OLi-9T
- 69°t 88°2L 69°) eL°9 - - o= 022X 69°} - - 65 STI-I2)
go°g £0°C €L %L - 90°9 — - == 6L°6L £0°C — €0°C ££ 0TI~}
(3 A ) oL°€ LL°0L oOl°f i*°L - - o= C6°ST I¥'L - LT SLi=ii}
- - 00°09 0OO°Of - - o == 19°9 L9°9 -~ = &1 041-9%0¢
m o Wﬁ - o \ﬁlm » -
SHE NS TR YL
JERH  § B ik cox e
- il

(°°°*°p3uep) 4G OV



E
i

00°¢ - - - - 00°¢L - - Sohw 00°*S - 800— (v ] mwwlwww
- - ~ == == Q00L == = == = == 00°0Z O O}1~90}
- 1} - - = (269 - - - == 69°L — £I 06 -9
- 60°6 - - - po“h- -I' - - -— - - it 9 -1
- €1°65 - o= o= 00°004 - OL°8 &L°¥Y ~— - -~ LT 08 -9.
— £L°22 - w= == 00°00} $€°¥ SC°P SS°F — - - T& sl-\iL
- BI°50 - o= o= 00°004 =" °4} ~— - - - 6 OL-9
.’ £ 5 I
§ ' § z 3

3 e S w m wy  (ws

3 - 3 E & e 3 s
8 m “og os1g

1L~0L6) ¥VHI1 ¥BEI WOd
VISV VTRTRACEND 40 SInOWD EZIS IETMNAIYA XTI SMEII GOOL S00TUVA J0 IOREIIMNO00 KOV IKIOUNE

9% EIAVS
=L~



00°00y, - e 00°00}4 - — - - o= o= -  00°00} | S9L=191
— - - - — e ad - = — - % 091~96)
- £€°9 €€°8 - - L9°9} - = 19°9} -~ €€°s L9°91 2L SGSiI=\IS1
| 4 A 4 - - 4 At 1 - OTtTH - o= Q90 - - 8L°PZ ¥ OSI-9
4 Al — - — - ST 9 — - 00°0} 1L°G LS°8L OL Shi-i¥i
89’y - -~ - == 1582 — = OP°B ¥8°0 0Z°¥ LE°¥Z 611 OFI-~9K}
91°2 - o~ - L0 I¥°M ) Y A Ad TR Ly 66°C1 6L SL1-I1€}
- - - - -  06°CC - G8°0 6£°€C — PZ°F @GL°9 8 0£1-92)
- — - — - &Z°h - - = 14 Ad o  $1°L 0L SZ1=12)
- - - - - £9°0Z - e= g0°C = LIy 2¥°0} OF OZi-9%1
g

; g ¢ ¥ a mm g 3 £ m wiz (e

; i 3§ & i & & 3 3o .

) 3 2 b m | ox el 1

ﬂ- Qooooggv a ‘.ﬂ““



PORIY JB0H

- - 00°0§ 00°0i o= o= 00°0§ 00°€§ == 0z SiLi=its
- - 00°0C 00°0} - o= 00°09 - — 04 OL1-90}
- o d - o= o= 00°C0} -— Z S0I-104
- -  00°SL —a - 00°¢2 00°6Z - - * 001-96
- oT°¥L 982y 6E2°¥i - 1G°SZ CP°YL - - L b -6
= — SI'9Y GE'SL = LL°OC TIYE BE°SL ~ €1 06 =98
- - &S ' - == CCV - it Ge-ie
- - L% OL°® == == 49°28 OL°@ € o08-9l
- - 60°6 1438 4 - w= G966 - - & SL =il
— -  T2°TT SLL°€L - - gLl - - 6 OL -9
m wm mm 3 m m. g mm wx w weyz (™)
- <3 o m o m. 2 m - 30 sdnoxd
m. m "e - s “ *ox ostg

(°°°*pywop) 95 o1}



oo

00°004 00°00} 00°00} =—  =— == $91-191
— 00°00f == = - - v 091961
€€°8  L9°9) ££°8S  L9°9K — = L9°1y = == 2} SGI=I6)

"z == 88°0 ©6°09 02°2L — — ZO°65 88y G8'Y ¥ 0SI-9P}
%"z 62°0  98°Z IL°SL 62 — = |L°GE 98T — OL Shi~iv
991 ¥8°0  ¥0°6 ZP°IL 8004 =~  — LI}y 9E°C ¥8°0 611 OPI-9E|
"\ L 09 ZeWL 9§ — = 90°8Z MWL — 651 SKi~i1fy
62 $6°0  SB°0 ¥6°99 L¥'® €80 — 62°.K 69°F% — @I} Ofi-92|
AL 62°0 LIy N8 ML~ = Ly — £y} OL GEI-iZh
90°Z = -  00°GL LI'¥ = — £C°CC 90°Z 80°Z Oy OTI~9I|

0390w

.

so0qeTy,
eAXOY
eAT®ATH

L]

a4 2013 1

suetd,
SuTESX

weeoss snxp

dx
mm m w3 (we)
oy

Aoooooogv 'ﬁ ..Hﬂ.w
- °= -



Pig.

W O AN BAN -

PLATR VIII

Pexrcentage ococurrence of some selected food Litems
in different size-groups of D. aouka for two years,

Young prawns
Crustacean remains
'Pishes'

Plant materials'.
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msasuring dbelew 100 mm. Zoea, megalepa, mysis stage of
pravns and oepepeds vere obsoxved in higher percentages ia
fish belenging te smaller sise greups than in the larger
sise grewps.

In genexal, it may bo assumed from the data presented
abeve that there vere no stixiking ochanges in the diet of
2. aguta from smallex sise to bigger sise. The diet
apparently depended more oa the availability of particular
organisas than on any othex fastexs, The only change $hat
could de noticed was that, as the fish grows biggex the
numbo® of itoms added to the diet incressed. It was also
netioced that the smeller fishes genexally consumed the smaller
oxgrnisms fron anong their faveurito food items.

4,7. OONDITION OF FERD

8ince JD. aguls vas obsexved te foed only at day time,
samples collected from day oantches alone were considered for
this study, During the two-year period, day samples wvere
net availadle in Fedruary and Octodex 1970 and Jamuaxy 1971.
Fishes with stemachs classified as ‘gerged’, °‘full’', 'S/4 full'
and 'Y2 full' were considered to have actively fed. ZThe
pezoentage occurrenoe of these oatogories ia differeat months
is presented in Tables 57 and 58.
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From Fig. 2 (Plate IX) it may de noticed that during
Apxil and May 1969 the majority of the fish vere poorly fed,
vhereas in Juns the peroentagoe of the acstively fed fish shewed
an inorease and it resched the maximum in July. Ia August
there wvas a suidem fall in the percentage of the activoly fed
£ish, A slight xrise was observed ia 3eptemder. Again in
Cotobexr the majority of the fish fed activoly and this tyend
osntinuod $ill Janwary 1970 with a peak in November 1969, In
Febxuary day samplos wore not available and im Maxch 1970 the
poexesntage of well fed fish showed a fall and the majoxrity
wvore in poerxly fed comdition., During the second /ym poxied,
in Apzil 1970, wnlike that of the previeus year, the peroentage
of the actively fed and poorly fed fishes were almost Lifty-
Lifty. Bwt in May thexe was a stoep riso in the porcentage
of aoctively fed fish wvhich was followed by a fall ia Junme.
Again, ia July the majority fed actively, whexeas im August
the oondition was just the reverse. Most of the fish were
actively fed fron Septemdbex to Lecember resulting in a seecnd
peak ia Bepteambex., In Octedaer 1970 and Jamuary 1971 day
sanmgles were not avezilable. In February and March 1971 the
mjoxity were in poorxly fed ocondition, as was noticed ia
Maxch 1970 4in the previcus year period.

The variations in theo feeding intemsity wers furthews
studied dased on the maturation of the fish and the velume
points attained by each stomach, 8ince 50% of the fish matuwe
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&t 132 mm total length (see pages on sise of first maturity),
they were grouped into immature (bolow 132 mm) and mature
(132 mm and adove) fish. The fish eaught in day time only
vere examined foxr this study, The averasge volume peints

of stomaek contents in each month for the two groups were
obtained by dividing the total volume pointe gained dy all
stonachs by the total numbex of stomachs that osatzibuted

S0 this volume. MAmpty stomachs woxe excluded fLrea tl;io
caloulation, ZTheir incidence has baen indiocated in oomnectiom
with diurnal variation in feeding hadbite, The details axe
presented in Tables %9 and 60,

During the pexiod April 1969 to Karch 1970, fox
immature fish, the avorsge velume point of stomach contents
vas higher than the average for the whele year in June, July,
August, Qotodbex, November and January. FYor mature fish 4%
vas higher in Ootoboxr %0 January. During the sudsequent year,
from Apxil 1970 to Hawmeh 1971, the average volume points fex
immature fish vas higher than that for the whole year in
Nay, July, September end Decemder; <foxr mature fish it was
highex than annual avorage during April, May, September and
Novenbex,

The average volums points fox the pooled data of deth
the eategorxies, namely fmmature and mature fish, wvere
eotinated nmonth-wise for the %wo years from April 1969 to
Narch 1971 and the results are pryecented im Plate IX, Fg. V.



o 176 -

TABLE 59

AVERAGE VOLUME POINTS OF STOMACH CONTENTS OF DUSSUMIERIA AGIZA
( APRIL 1969 - MARCH 1970)

IMNATURE FISH MATURR PI1gN
Nonths Total Tetal Aiverage Totael Total Avo:age for doth
No.,0f volume volume XNo,0f volume volume Iimmatuwe
fish points points fish peints points =dmature
of all of all Lish
the sto- the sto-
fpxril 14 190 13.57 25 500 20,00 17.69
May 53 2000 !7..74 66 1930 29.24 33.03
Jube 48 2790 58.13 10 250 25,00 52. 41
July 12 850 70.83 | 20 20.00 66.92
August 7 340 48.57 80 16.00 95.00
Septemdex 37 1480 40.00 80 16.00 57.14
Nevemborxr 20 1310 65.50 14 580 41.45 55.59
January 13 800 61.54 10 430 43.00 53.48
February N0 SANPLE
Narch 17 540 31.76 26 740 28.46 29.77
Grand total
and 242 113520 46,78 {68 5790 30.80 9.7

avorage

Bmpty stomach mot included,
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TABLB 60

AVERAGE VOLUNE POINTS OF STOMACH OONTENTS OF DUSSUMIERIA ACUTA
(APRIL 1970 - MARCH 1971)

IMMATURE PISH NATURE ;ISI Aver
Total o for b0
volume Average Total volume AVOrage sgu.tuwe

Tot
Nen VAR .:.:‘J. points volwme ©No,0f points volume and
£ish o{ h:.u points fLish of all points gure

stomachs n:::m _ fish

Apxil 24 930 J8.7% 40 2110 52.7% 47.50
May 65 370 56.46 19 960 50.53 55.12
June 4 1100 26.8% 3 800 26.67 26,76
July 14 800 57.14 S %0 16.67 50.00
Augus$ 9 390 43.353 6 90 15,00 32.00
Septembex 14 . 810 57.86 1 80 80.00 $9.33
Octebex RO SAMPLE
Eovembex 11 480 43.64 8 380 47.50 45.26
Decendexz 13 970 34.62 9 210 23.53 53.64
January NO BAMPLE
Fobrwaxy 41 1510 36.83 21 320 15.24 29.52
Narch 14 220 15.71 40 1020 2%.50 22,96
Grand Teotal

and 246 10880  44.23 177 6020 54.01  39.95
average

Bapty stemachs not inocluded.
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PLATE IX

Ronth-wise average volume {(points) ef stemmch
oontents of immature and mature fishes (pooled)
of B, aguta for two years.

Honth-wise percentage ocourrence of actively fed
fish of pP. gouts for two years.

Ova diametor frecguency polygon of the anteriom,
middle and postarior regions of tho right lode
of a mature ovary (stage V) of D. acuis.

Combined ova diameter frequency polygon of three
regions of the right lobe of the ovary of l.aguts.

Ova diametexr frecuency polygon of the anteriox,
midile and postexrior regions of the left lobs

of the same ovary of D, aguta.

Comdbined ova diameter frequency polygon of the
three regiens of tho left lobe.

Fig. 7-1S Poreentags frequency polygon of the ova diametox

Fig. 7
rig. 8
Fig. 9
rig.10
rig.11
rig.12
Fig. 13
rig. 14
rig. 1%

se:surements (in micrometer divisions) of

D. aguta in different stages of maturity,

Stage 1 - Iamature

Btage II « Lleveloping immature
Stzge IlI ~ Maturing

Jtage IV « Mature

Stage V = Advanced mature
3tage VI <« Rips

Stage VII A « Partially spent
Stage VII B - Fully spent

Stage II B -~ Lecovering speamt.
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The annual average for 1969-70 and 1970-71 weze 39.79 peints
and 39,95 points respectively. During the firet year the
monthly average of the volume points reached adove the
annual average in June, July, Ooctodex, Hovember, lecembder
and January and im the scoond year in Apxil, May, July,
Septembex, Hovember and Degenber,

From the above data it would uvpear that, in genexal,
the feeding intensity vas higher in immature fish than in the
mature fish, in Yoth the years. In cextain monthe the feed-
ing intensity was high and was above the annual average both
in imnature a® well as in mmture fish and in other months
4% was lov showing that the variations in feeding aotivity
are not related to maturation,

4.8, PFREDING HARITS AAD SRLECRIVITY

During the course of the examination of etomach
contenta and ntudy of food of L. gguip certain interesting
obsezvations were made on the feeding habits.

2. aquts has got a small and terminal mouth and
oensequently is prevsnted from censuning largexr foed
paxrticles, I% has been obsexved that D, souta is zainly
a socplankten fesdex. 7The preferred foed items wore, in
general, elongnte and slendexr forms like Jacifer, alima,
ewphausids, Agetes, young ones of Stolsehexua 3op., ete.
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Seme exceptions, of ocourse, ocourred but they were invariadbly
small, like soea laxvae, poraellapg otc., or vere soft and
thin like megalepa and phyllesoma larvse. 4ll the food items
were swalloved whole and in the freshly fed stomachs they vere
fownd in the full form and shape and weres closely pecked,

The elongated food items like Imalifexy and alime were folded
in a zig~nag menner and the droader items like phyllosoma
were folded loagitudirally and were qglosely packed withous
any loss of space, These features wero clearly visible ia
the case of gorged and fully fed sSomachs, The elengate and
rather stiff organisms like juvenile fishes vere packed
longitudirally inside tho stosaeh without any specifie
orientation of tho head of the prey, indicating that D.aouia
catches the prey both from front and frea rear., In some
instances headless fish wore also noticed irreide t he stomach
which reveals that sone sext of biting also takes plaoce,

wvhen nscessary, especially, while preying on the fast moving,
slightly larger young Stglepbhorus. ZThe presence of maxillary
teeth in D. gouia also supperts this inferenoe.

Zhe stomach of D. agiuls sometimes contained
oxclusively ocertain food items like Jugifer, alima o=
Juvenilo fishes and in rare ocases zoea larvee, indicating
the abundant availability and the preferaerce showam for swuch
1tems, In almoast all eades of the vwell fed stomachs it was
notioesd that one of the items clearly dominated ovox all oSher
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dt%ems, indiocating that the fish fed mainly on the preferred
itoms firat and 1f any space left in the stomach wvas f£illed
by other susplementary items. The peroentage occurrence of
three dominant foed items namely ixcifer, alima and fish in
the well fed stomachs of D. geuds im variocus months, alomg
with their volunmetric and numeriocal assessnents, are presented
in Zables 61 and 62, In this snelysis the well fed stomach
inoludes gorged, full and 4 full stomachs only. From the
Tables it may be moticed Shat in December 1970 a fish
measuring 122 mm total length censumed 370 numbexs of Juoifex
at a stretoh. The maximum number of alima noticed was 36 in
Nevemdbexr 1970 in a specimen messuring 151 mm, Similarly ia
the stomach of a fish measuvring 150 mm total length in FMay
1969 and another fish measuring 129 mm ia May 1970 centained
102 nusbexs of jevenile fishes oach. Un occasione, whan the
stomach of a specimen was mainiy occupied by one food item
and the reat were digestod matter, the latter vas nothing
elne other than She digeated parts of the major item. This
was clearly evident when the stomach was filled with [mngifex
or alima and cxustacenn remainms, where the crustacean remaims
wexre only droken parts of [ucifer er alima, All these
obsexrvations indicats that D. goyts has some preference fex
Incifer, alimm and juvenile ruhei. especially spooies ef
Siclephexrug etc., and fsod vorzeiously or thesce exganisms, if
they were availladble in the suroundings.
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TABLER 61

PHE VOLUMBTRIC AND NUMERIOAL DATA OF THREE MAJUR FOOD ITRMB IN THR
VBLL FED STOMACHS OF DUSSUMIERIA AQUEA IN VARIOUS MONTHS FOR THR

YRAR 1969 - 1970

Pexcentage Average

Volume of food

Rumbex of each

Noe  2ood4 occcurremce volume items im pex. food
Nomths of itens ©f Dod points of oentage & in the stomach
fish items stomachs stomach velum
Range Avorage Range Average
(1) (2) (3) (4) (5) (6) (7) (8) (9)
Apxil 4 Imoifex N4)
1969 Alima  50.00 60,0 43+95 62.0 5« 6 5.8
Fish %0.0 70.0 795.80 76.5 - 4 2.9
May 16 Jugifex 12.5 70.0 2024 22.0 21- 28 24.5
Alima N1l |
Fish 87.5 84.3 40-95 75.1 1-102 26.4
Aline | } & §
Tish ¥4l
July 10 Jmaifer 100.0 82.0 70-98 87,3 21-29% 166.0
Alima N1l
Fish Ril .
Aug. 4 Juoifex 100.0 7%.0 65-98 78,3 23~ 42 28,8
Alima N4l
Fish il
Septs. 11 Jmoifer 36.4 70.0 6990 81.0 39« 70 51.0
Aldima } $ O §
Fish 63.6 80,0 92-100 95.4 2= 7 4.1

Oontinued .
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(1) (@) (3) (4) (s) (6) (7) () (9)
Alisa 20,0 7%.3 5080 72.7 213 6.0
Iish 6.7 60.0 69 69.0 1 1.0
Nov. 10 Jmgifexr 30.0 80.0 40-70 60.0 43~ 48 46.3
Alime 7000 82.9 ’,.” 50.0 2~ 10 5.0
Fish N1
Deo. 5 Jmaifex 60.0 75.3 50-95 68,3  26-250 105.3
Alima 731
Tish 40.0 80.0 7080 75,0 6~ 9 7.5
Jan. 1 Jacifer FA)
1970 Alima 731
Fish 100,0 80,0 80  80.0 1 1.0
) Ne sample
Naroh 7 Jugifax 28.6  80.0  T5-95  85.0 55-218 1%.5

Fish ) £ 8
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TABLR

THE VOLUMFTBIC AND NUNBRICAL DATA OF THRER MAJOR FOOD ITENS IN THB
WELL F¥D STOMACHS OF DUSSUMINRIA ACUTA IF VARIOUS NONTHS FOR THB
YRAR 1970 - 1979

Velume of foed JNumber of each

Ne. Pevosntage AVOXage ..., 5, per- food erganisms
Months of {00 000YrTence volwme ¢ osntage of in the stemsch
2iah 1tems ‘stomachs stomach volume
— Range Average _f\:l‘. Avwerage
(1) (2) (3) (4) (%) (6) (7) (8) (9)
Alima 12.0 ”o, 40~ 5, 45.0 12- 20 ‘507
Zish 72.0 93.3 40~ 95 78,7 1« 13 6.0
Alima 18.2 90.0 95~ 60 57.% 8- 10 9.0
Fish 63.6 80,0 40- 96 T1.6 1102 32.9
June 8 Jucifer 75.0 75.3 60- 90 78,3 29- 85 53.2
Alima 12.5 100.0 60 60,0 6 6.0
Fieh 12,5 60.0 8% 8%.0 2 2.0
July 9 Zagifexr 100.0 82.2 70-100 91,7 21205 166.7
Alima N4l
Pish ) $ 5
Avgust 4 Incifex 100.0 75.0 65~ 80 73.8 23~ 42 28,8
Alima Hil
rish Nl
Seps. 10 Jpnoifex ¥l
Alima ) £ 0 8
Iiah 100.0 80.0 80-100 087.7 3- 11 6,
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(1) (2) (3) (4) (5) (6) (1) (a) (9)

Oot, Ne Sample

Kove. 8 Jmoifer 8511
Alime 100.0 75.0 65= 90 80,6 3= 36 18.%
Fish Nil

Dec, 12 Jmgifexr 100.0 90.0 65-100 90.1 55-370 199.8
Alima N1)
Tish Hi)

January

1977 1 Imgifexr 100.0 60.0 40 40,0 42 42,0
Alima Ml
Fish Nil

Feb, S5 meilax 60.0 73.3 40- 45 45.0 35=- 3% 35.0
Alime  $0 1
Fish 40.0 80,0 350= 90 70,0 4~ 7 5.3

March 7 Jugifex 42.9 60.0 70~ 80 73.0 45-53 $0.0
Alima 57.1 60,0 40~ 80 63.8 6~ 9 7.9
Pish Nil




From the mature of the stommch ocontents it may de
infezzed that D). aoxia feeds on the surface and is a plankten
foedex, preying on sooplankton like smaller and larval
orustaceans, juvenile and lawval fishes and eceasionally
plant materials which are bits of seaveeds, The diuwnal
variation in the foeding habits has deon desorided earliex,

Ho cannidbalism has over Yeen noticed im the ocase of
Re.asuia in the course of this study,

4.9. P000 OF DUBSUMIARIA BARSRIRLX

%0 make a cemparisom of the feed of Dyssunisxia Acuta,
the food of Dussunieria basseliil froa Indian watexe was also
exanined during this peried. Sufficiemt numder of spoeinens
of this species was not availadble from Mandapam axrea $0 ocaxxy
out a detailed study., 0o, a quantitative analysis of ths
stomach contents of a feovw specimens of D. Lagpeltil from
Ouddalore, Mandapam, Titicerin, Kanyakusari and Vizhinjan was
also made during the twe years in 1969 and 1970.

Nine specimens of sise range 185-205 am total length
vere osllected frem Cuddalore in April 1970, Out of this
3 had aoctivoly fed on S30lanheXig ®9., alima, megalopa, yeoumg
pravns and orustacean remains., The rest had poorly fed
stomachs. From Mandapam area, 15 specinens wvere collooted
in Nawoh 1969 from shore-seins catch at Puiuaadan, and these
ranged ia sise detween 104 and 175 mm, The food items were



Agties op. £ish, young prxawns, Alims, and orustacean remains,
The avo:rage foeding index shewed that these specimens fed
actively. In April 1969, 3 specimens of sime range of 170-176 am
collested from shore-soine at Ramesvaram Road (Rameswaraas
Island) had fod on fish, alima, young pxawns, FRE0ellOAS 9.
\ud crustacean remains, Jenexal feeding intensity was poex,

In Pebrwary 1970, 7 specimens ranging betweea 157 and 167 mm,
collected from Kundugal peint (Rameswaram Island) wore all
vith empty stomachs., 20 specimens oollected frem Dhanushkedi
(Rameswaran Island) caught in shore-2e0ine in August 1970 ranged
between 122 and 134 mm Sotal length and their stomachs wexe
full and the food items were jogtag Sp., alima, fish megalope,
copepods, PAFosliEAn SP. S0ea, JROLLeX and orustacesa remains,
Fuxthex, 3 specisens ocllecizu im October, 1970 frem the shoxe-
seine catsh at Panaikulam (Palk Bay) ranged between 147 and

164 ma and all had empty stomachs.

In August, 1969, 3 specimens of Q. Lasseliil renging
in sise between 125 and 143 mm were collected from Tutioorin
and all the three had empty stomachs.

Froa Eaayskumari 8 specimens were available in April,
1969 in the size range of 114 -« 185 am, On the average they
bad a peerly fed stomach. ZThe food items noticed werxe fish,
Agetes sp. alimm and orustacean remains,

From Vishinjam (Arabian Sea) samples were availadle
fox obsorvation for Swe months in May and Novombex, 1969.



23 speocimens oolleocted in May, 1969 were poorly fod and the
food items were Jugifex sp., youmg prawns, copepods, Josten p.
Zish.and crustacesn remains, The size of the specimens ramged
betwveen 152 amd 175 am. In November, 1969 ancthex sample of
20 spocinens, ranging bdetwoea 154 and 178 mm, were available
from Vishinjam wvhich had fod actively on megalopa, alims, fish,
young prawvans and oxustacean remains.

3inoce adequate numbex of spoocimens of D. hasseliil ves
was not available loocally, throughout the yeaw, neither a
detailed study of the feeding hadits nor the diurmal variatioa
in feeding could de studied in this speciss. lowever, froa
the above odsexvations, At may be said that this specios alse
is a sooplankton fesder, like ). aguta, feedling mainly em
smaller and larval orustaceans amd young and larval fishes,

The food and feeding habits of two spocies of the
Genus Dygsumieris, namely lussumieris soute and D. Dhagpeltil,
have been studied by several earlier workews, Devanesan and
Chidamsbaram (1948) obsorved Dussumisria spp. as surfsoe feodews,
feeding mainly on plankton and ecoasionally oa white-bdait.
Vijayaraghavan (1950) studied the food of doth these spooies
aleng vith a few other fishes from Madras ocast and foumd that
the food of DuSPURISEIA SPP. Delenged %o tﬁzc&p%ohm.m.
oopepeds, Naorura, Brachyura, Anomura, Nysis, other Imtomestraoce,
MNematepoda, crustacean rsmains, iiollusca, vegetable matter,
Cheatognatha and animal matter, This is only a very broad
oatogorisation, |
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Sexharen (1949), in his studies on feeding amd
maturity of D. gguta in relation to fat in the muwscles, hed
peinted out that tho main food itoms wexe crustacean amd
teleosts. Vijayaraghavan (1951 b) analysed the food of
. aquta 4n detail hased on the specimens from Madras coast
and fownd that Repasus larvae, Imaifer sp., Mysidaoces,
Paguridae, soea and mesmlepa of orad, copepoda, Ostraceda,
Amphipods, Bauwilla larvae, Josief, orads, OuNaoss, vhyllosoma,
crustacean remeins, Ophiureidea, Sagitiy, Pelycheata, divalve
laxvae, teleosts and teleostean egge, medusae, algae, greea
matter and sand particles ocoured in the stomachs.
Kutbalingsn (1961) examined the foed of larval and edull
D. acuta from Medres eocast and found Shat the fisk fod en a
variety of planktonic animals such as oopepod nawplii and
adults, decapod laxvae, molluscan larxrvae, echinoderm laxvae,
ocizripede larvee, Jngifex, kectiluca, 30ea and megalopa
stagea of orad, jostes, squilia larvae, [cNasus larvae,
anomura larvae, pagurids, amphipods, ostracods, polyocheatc
larvae, Spzitta, diatoms, fish eges and larvae, ete, larval
forms of Jaranx amd leiognathus spp. were also found ia its
fo0d. The ocopapods ke moticed as food of Q. aguia, delonged
to eight species namely QOitheopa seinnices, 2. xixids, fsmaza o».,
Rarasnlanugé naxvus. fontella sr., Jusalanwa p-,
Rasndediaptonnus sp. and Jghidacezs sp. He also moticed that
R. asuia fok en differeat species of diatems 1ike Thalassiothxix
*p., Rlgureeisma *p., %Scinediscus sr., 21aDKIoRRLIA %0.,
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Aftsxisnslla sv., litzchia, Chastogexog sp. RL1S0301LER4A ®D.s
m ®P.» NpA08ixra Sp., $09letoneNe ®p., CYQletellA SP.
and Ihglassiopiza o».

The food of D. hasssliil from the Gulf of Hannax amd
the Palk Bay had deon studied by Devanesan and Chacke (1944)
and listed the food items wnder twe main heads as sooplankton
and phyteplankton, The seocplanktons were ocpepeds,
Ehonaloehihalans Sxegins. Jucifer hanssni. orad seea and
asgalopa laxvas, laxvae of squilla, Agsies op, Oxesia asienia.
Spiratolla sp., larval bivalves and Spagitia sp. The piwto-
plankton consisted of Opecingdiscwd sry., Rhigosolenis,
2balassiethxix, Ixichodesnivg and algal filuaeuts, Chacke
(1949) examined 1500 spocimens of D. haspellii ranging in sise
botveen 9 and 20 om from the Gulf of Nennar and foumnd that
this fish fed mainly oa crustaceans, molluscs, worms and

different species of phytoplenkton, No fiah items were
noticed as foed, The food organisme were Coscinpdisaum,
Ebisoncienia, Zhalaspiothxix, Inichodesmium, oopepeds,
Ebopalenhthalmvg, Iaeifor, orad soea, megnlopa, SEpesim
asiouls. Spizatella. larval bivaives, and Sagitta species,
Tham Ah Kov (1950) zecoxded ostracods, oocpepods, amphipeds,
mysids, 3g9illa larvae, penaeoid larvae, Acetes, lagifexn,
Leptechsia, Roroellsha laxvee, brachyuran larves, deonpod
larves and Stolephexus larvae as food items of D.hagseliil




fyom Singspoxe S5%rait and stated that this spoecies foods
mainly en ocpepods, odtracods, decaped larvae, small
docapods and fish larvae; and amphipeds, mysids and

Jauilla larvas form its sudsidiary foed. The foed and
feeding habits of L. hassaltii from Haladar csast wexe
stuiied by Venkataraman (1960) and repoxted that Iagifex,
prawas, eopepods, decapod larvae, toleocsts aud other
crusiaceans formed the food of this fiah and of these the
sergestid Jugifer formed the favourite feed, Basheexwddin
and Nagappan Nayar (1961) also noticed that crustaccans
like seea larvae, amphipods and gepepeds formed the aain
.food of D. hasssltil of fadzas eensS, The food and feeding
habits of D. bhagpeliid of the Gulf of Hanmar hnd also been
stwdied by ilahatievan ané Ghacko (1962)., They observed that
diatoms, stomatopod and pm laxrvae and oopepods formed
the aain food of thi: f£ish, Othexr itenms ncticed weze Algae,
Sagitta ard Zucifexr, soea larvas, bivalve and gastreped
larvae, fish eggs, AgoieR, megalopa layvae, piesepeds, and
digented and unidentifiadble matter, Srinivasa Rao (1964)
observed orustaceans like Iucifex, alima, megalopa, amphiped,
soea, Jycrxis, Boelanus, vrawvn zemains and teleocsts like
anchoviells and Pphyzaens as food of L. hassedill ef altaiw

coast and peinted out that this fish prefe> Anghovislla and
alima larvae., All thesme oa:uor reporte on the fo2d and
feeding haditas of theme two speciee of raindow sardines show



Shat the food items are almest the same and these authers
positively agree that these fishes are plankton feeders
feeding mainly on larval and edult, dut smaller, crustaceans
and larval and juvenile teleostean fishes,

The present obsoxvaticns on the foed of R, aguia
and D, hasseltii also agree vith the odbsexvations of these
earlier workexs dut with cextain diffexences as ¢ the wide
range of food organisms eeexded from place te place and the
adsence or presence of ocextain fecd items, all of which oeuld
be gttmuted to the environnental differences, determining
tho relative adundence of certain foold items in diffYexent
localities wherefrom the samples were prooured for study. It
may be stated that D._aouin 1e mainly a oxuwstacean foedewm,
also feeding om larval and juvenile fishes whenever availadle.
The acoeunts of all the earlier authoxs and the odsorvatioms
of the preasent author reveal that the raimbew samdine although
feeding on a variety of orgenisms, conaume move of some
paxrtieular items, while the 1e0% forme its sunplementary feod.

Soae authore like Devanesan and Chaako (1944), Chaocko
(1949), Mahadeven 2md Chacko (1962) noticed that D. hasselsild
foolds on differemt mpecies of phytoplanktea (diatems) alse,
Mahadevan and (haoko (1962) odaserved shat the rate of feeding
wvas low and poor {rom April te August when diatoms oonstiswtod
the chief item of food, They notinced a sesscnal phyteplanktenie
abundance in the plankton during the pexied. Kuthalingam (1961)
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obsoxved that B. agulia also foeds on different species of
diateas and stated that the larvae of this fish froa T2 hours
%0 128k day after hatching were strictly vegetarisn ard fed
enly on diatems when assexted plankton was supplied te 18,
Ameng the adult fish he examined the youngest f£ish measuriag
60«80 mm 444 net inoclude diatoms in theix dies, vhereas the
eld and larger ones shoved high percentage of diatems in the
stomach, This he attriduted %0 the reason that the gill xekexs
in the young fish were 80 poorly fermed whexeas in tho clder
£ish these had developed twige pinnately so as o form a nexe
effieient strainer, Therofore, the abaence of diatoms in the
diet of the young fish and the imclusson im the diet of the
older fish are merely a mechanical result and mes dwe to &
deliberate choice or a change over to a mizxed diot, In the
present atudy no diatons or phytoplanktons were netioced as
foed in the stemach of D. gouta and D. hasseltil oxoept fex some
plant materials in the stomach of the formexr wiich wexe only
bite ot~ soaveeds and ceagrasses, This is in agreement with
many of the earlier wexk except for the few mentioned above.
Similarly, soms of the itswx like 3p03%%a sp. H00%ilNOR 8P»»
SNEAces, echinoderms, meduzae, Ehopglophthalsmus or. gresis,
polycheats, Trighodeemiug eto., whick were noticed as food of
raindov sardine by one oxr other of the eexlier workews, vere
not obaserved in the prossat study, It was alse observed that
k. aguta is & visual fesder and it exhibite =ome sort of
soleoctivity, pxofering tae cructacean a2nd juvenile teleocstean
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fishes. The presence of slightly larger svimming forms like
young prewns and juvenile fishes in the stoaach suggest

Shat these secplankton feedexs at times zesext to partiemlate
feoding Shough their general feeding hadit s by filteration
enabled by gill rakers.

Venkataraman (1960) observed a high peroextage (53%)
of empty stomache in D, ha2eoltil of Crlicut area., ZTham Ah Zew
(1950) also noticed the =ame feature in the specimens ef the
epecies caught from Jingapore Etrait. But these authors
had nct mentionsd any specific ronson for it. (n She other
band Mahadevan and OBacke (1962) bad obsexved comparatively
low pexcentage (15.75%) of ompty stomacks in ]. hasseltil.
They also opined that the percentage of empiy stomach wvas low
from 3epteaber to April and high in the subsequeat monthe
thus showing two stages of feeding, The maximun feeding they
observed vas In illarch and in Novomber-lecenber, The tremd
of feeding had been interpreted by them a8 secsonrl rather
than in acsorcance 1o the size of the fish and they alse
assumed that active feeding periods my be the after effect
of spawaing, In the present study om D. agutp elso high
peroentage of ompty stomachs were noticed. Put a detailed
analysie shoved that this fish exhibited a dimrmal variatiom
in feeding habit, feeding during day tine and starving
during night, 8ince the majority of the coumercial ocatoh,
from which spaecimens were collected, came frem night fishing
the pereentage of the ompty stomach wvas more, Yhen the day
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catch was analysed it was seem that the percentage of empty
stomach wvas very low, In the present stwiy, as against the
obsexvations of Mahadevan and Ohaocke (1962), ne specifio
seasonal variation in feeding or any correlation with spswning
vas netioced, bBul the vaxiation wae in tho feeding intensity
botweon day and night and was not due to any other aspects,

¥hile feeding on sooplankton and larval end juvenile
f£ishes, the rainbow sardines themselves form very delicious
focd fox still othex higagex, voracecus, piscivorcus fishes,
A perusal on the literature on the food 2f various pisoivorous
gishes showved that rainbew sardines decome prey for Chirxocenizus
dorad, ueasr fiches (Scoxmberomoyus ©pp.)s Tridben fishes
(tamily Trichiwridae), fishras of the family Socinenidae and
the tunan, Vijayarughavan (1951a) had odserved shat Dyssusisxia

fLormed the gomuon food of Syxichinrus baupels (Foxik) of the
sise renge 10 t0 20 inohes, Thamah Yow (1950) had noticed in

3ingapore Straits the fishexrsen using . hadselill es Daid fom
fishing Chdrocentyng 43xak.
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REPRODUCTION

A thorough knovledge on some Of the dasic bioclogieal
facters, sueh a8 maturation oyocle, 8ise at first maturisy,
sex~ratic, spamning, feoundity and ponderal index, of the
£4sh species is essential for She suecessful management$ of
their fisheries.

Qlark (19%4) studied by means of ova diameter measure-
nents, the maturity and spawning of California sardine,
Saxdine sasrulen. Iatex, in a similar mamner, Hickling amd
Rutenbexg (1936) studied the spawming periods in hake,
haddock, pilohard and other fishes. Jde Jong (1940) dotermined
the spawning pexiods of a number of tropiocal fishee by ova
diametor studies., Other important work om the feocundity
studiea of fishes includes those of Hiokling (1940) en the
herring of the Jouthoxn Noxth Sea, Mao Uxegox (1997) nn the
Paocifio saxdine, Jaxdineph-casrules and Bagemel (1957 and 1963)
on the long reugh dad, [innegiosseides niasiesseides and
the platoce.



In recent yenrxs, in India, many acoounts have deen
published on She maturity, spawning behaviour and fecwundity
of commexrcially impoxtant fishes, Although Hexnell (1910)
made a fev observations on the spawning habits of Indian o4l
sardino, Sardisslla lopsigeps., the first concerted attempt te
undorstand its maturity and spwning hadbits was by Hermell amd
Baywdu (1923). Karnadikar and Palekar (1950) studied the
spawning hadits of Polynemus ietradactyius. Similarly,
the maturity and spawning habits of IBEiss00le8 DEEAYA.
HazRodsa ashexsus and 9oilis QNeSuBASIAi hevo beem worked owt
in Getail: by Palekar and Karandikar (1952 a, 1952 b and 1953).
The spawning periodioity in some of the marine telecstis
along the east ooast of India was studied dy Prabhu (1956).
Dharmamda (1959) studied the maturation and spawning ef
six common species of clupeids of lLawson's Bay (Valtaiw).
Qasin and Gayyum (1961) made observations on the spawning
frequency and dreeding season of some fresh water fishes in
the plains of Nerthern Indis,

Studies on feocundity and spawvning of DuasuRistia
hagssltil were carried out by Devanesan and Chacko (1944),
Ohacko (1950) and'Hahadevan and Chacke (1962). All these
earlier works were restrioted to the general diencmics eof
the species, except that the Dharmanda (1959) who studied the
zaturation and spawning hadits of D. hasssltll of lawsom's
Bay (Valtair) by means of ova diameter measurements.
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$.1. SPRUCTURE OF GONAD:

Sexes in Duspunieria aouts are separate but the fish
does not shov aay sexual dimexphism, VWhen the fish is fully

mature the males and females ocan be diffexentiated by applying
gontle pressuze on either sidc of the addomen vhen the mils
ox the ova, as the case may be, will ocese out.

The genads are bilobed struotures loocated in the bdedy
cavity on either side of the imtestine. The ovaries ave long
and slendex in She early stuges, but inexease in breadth and
thickness with the advanocsment of maturity. As the ovaries
nature, they M distended Gue to the changes in the intza-
ovarian egge and attain yellev colour as a result of yolk
formation in the eggs. A distinct asymmetry ocould be noticed
in tho structure of the ovary. The tve lobes of the evaxy ame
not alike in ohape as well as in the relative pesision they
ecowpy in the dedy oavity, In early stages of maturity the
zight lode ecoupies the full length of the dody cavisy, the
anterior $ip lying oa the right side of the mass of the
intestinal oascas, and is thin and slenderw, gradually imereasing
in wid$h towaxds the anterior tip. As the maturisy advanoces
this lebe booomes long and pear-shaped, filling the right side
of tho body ocavity, and oontains the greater mumber ¢f ova.
The left lobe of the ovary is posteriorxly placed and reaches
on).y* of the length of the »ight ovary. Im early stages i%



is spindle~shaped and a8 the maturity advances the shape is
retained though there is inoxease of breadth and Shiackmess.

I% ocomtains comparatively smallexr mumber of ova. A mature
ovary vhen vieved from the ventzal sido, in situ, wvill de
completely masking tho alimsntary Sract except for the postexiox
ond of the fntestine. Zhe evary is ef She aystevarian type and
the intermal struoctures are ef tho pattexn found in She ovaries
of most telecatean fishes.

TThe teates are small, thia, flat, pinky-whitish struetuses
with long and slender vasa deferemtia in the earxlier stages,
but with advancement of maturity, they get enlarged and attain
whitish colour. TFully dovoloped testes are flat, thick and
ailk-wvhite in colour vith lomg, slendex dut oenspicuous vasa
deforentia. The asymmetzy detween the right and the lef$ lobes
of the testes is quite distinct in the shape and the relative
positiens they cocupy in the bdody cavity. Im ecarly stages the
right lobe is very small, Shin, transluoent, pinky-white and
8lightly eval placed antexiorly in the body cavity on She =ight
side of the mass of the intestinal caeocas vith loag and slende
vas doferems. A maturity advances the lode umc- in sise
completely masking the intestinal ocaecas. The left lede, ia
early stages, is small, slendex, clongated and spindle-shaped
end 1s pestoriorly placed msaching § of the leagth of the iy
lobe. In late stages of maturity the shape remains the samne|
but the sise increases. In mature males the testes ave milk
white 4in celoww.



In D. aguis the sexes could not be detommined asurately,
in specimens measuring belov 100 mm Sotal length since the
gonads are teo minuto, slender and thresdelike, t0 deo
differentiated dy the naked eoye and such fishes arve he¥e
Szreated as indotezminate ones.

5.2. CLABSIFICATION OF MATURITY BTAGES:

The matuxity stages of D. aguts have deen slassified
based on the macrescopioc appearence u‘iuuuoopto struoture
oL ova in the evary and the following stages of maturity wvezre
recognined fexr the species. The description relates to fresh
as well as presexved specimen, Ia the frequency pelygons the
dianster messurenents were classified into sise growps of
2 a.d. Antexrvals as 1=2, 3=4, 5«6 etc. and the modes veme
zepresented by the second number in the sise groups vis., 2, 4,
6, oto., or the cerresponding millimetex oconversions., Ihe
naturity stages for the males were clasuified depending ealy
on macrescopio examination of the testes,

SSase 1 - Immature: Ovaries long, slendexr and rounded, tapes-
ing posteriorly, and ococupying the full lengih of the dody
oavity. The left lobe is very small and spindlo-shaped boing
placed posterioxly., Zhe ovary is slightly flechy in colour
and Sransiucest. Ova are mot visible te naked eyo. Undew
micrescope small and transparent ova, each vith a transperent



nuclews, axe visible, MNajority of the ova range 1in sise
botween 0,047 axd 0,12 sm (3 and 8 n.4.) with a mode at
0.09 ma (6 m.d.,). ZThe maximum sise ¢f the ova wvas edsezved
as 0.19 mm (12.m.4.).

Zhe testes are small, tramslucent, piaky white, Shin,
slightly elongated and oval shaped etructures with a long
and slender vas dofovens., ZThe right lede is placed at the
antoriommost region of the body cavity, wvhereas the lefS lode
is pesterioxly placed and is more clongate and spindle-shaped.
This asymmetxry in shape and peaition exists in all stages.

Siage 1la - Developing irmatuxe: The ovaries slightly emlarged,
long, Sransiwoent and amber ocoloured, Ova visidle to the maked

eye as smll granule, Ova amall, and transparent wiSh large
transparent mwoleus., Yolk formation has started in a few ova
of the larger sise groupse vhickh are mestly semi-opaqws. Majewity
of tho eva are in between 0,0%5 and 0.16 mm (5 to 10 m.4,.)
diameter, Some eggs have grown cstill biggex with a mode at

0.31 ma (20 m.d). Maximum sise reached upto 0,50 mm (32 m.d.).

The testes of this stage has increased in sise and is
opaque and whisish, The vas deferems is long and $hwead-like,

Stase 11> »~ Regovering sneptt Ovaries of this oategory wexe
obsexved in fishes above the sise at first maturity (152 mm

total length). The ovaries have a collspzed and flattened
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appearance and are slightly epaque and flesh ocoloured. Majewity
of the ova axe tramsparent, with a medo at 0.2 mm ( 8 n.4,).
The advancing mede is at 0.25 ma (16 m.d.). The maximum sise

of the eva was 0.47 mm (30.m.d4.). A poxrtion of the evary

vhen viewed undexr mioroscope shows small empty spaces detveea
gxoups of oocytes, whereas in devoloping immatures, the

cocytes overlap each othex, being compactly arranged im the
lanellae wish spaces in bdetweem,

The testes are pinkish-white in colour and have a
#slightly wrinkled appearance., It is different frem the
previous stage in having a slightly loager right lobs amd a
wider vas defezens,

£taze 111 - Haturing:s The ovaries are greatly enlarged and
ecoupy * of the space in the body cavity. The right evary
long and pear=shaped, while the left one short and spindle-
shaped, The ovaries are turgid, opajue and yellow-coleoured,

Zhe ovarian sembrane is transparent and the eggs are visidle
extexnally through the cyst. The advanocing growp of ova bave

a mode at 0.56 mm (36 n.d.). The mazimum sise obrerved was
0.66 s (42 m.4.). A second mode of maturing ova may be notiesd
at 0.41 mm (26 m.d.). Both these sots ef Ova are epadve,
thiockly yolked amd yellowish in celour,

Testoes increased in sise, The right lobe is wider and
reashes * towvaxds the veatral side of the body cavity, om the



right side, masking the intestinal cascae, Vith the leng
and slemdex vas deforens, it will have she shape of the
lester 'P'., The loft lede is spindle-shaped, The ledes arme
thickexr and whitish in coelowr. The vasa deferentia ave
wvhite, long and thread like.

Ssate IV - Mature: fhe ovaries are further enlazged; ocempact
and pear-shaped, almost filling the deody cavity, orange-yellow
in colowr., The ovarian cysts thin and transparent, %The
lazgest ove may measure :bous 0.78 mm (80 m.d.). These grouwps
of maturing yolked ogges may de notioced in the ova dianeter
frequency polygon. ZThe most advanocing group had the mode at
0.72 mm (46 m.d.). The other two medes may bde arocund 0.%6 mm
(36 n.4.) and 0.3! == (20 m.d.). The yolked ova are ocompletely
epaqwe with a thick transpazent egg asmdrane.

The testes greatly enlarged in width and fully reaches
the vontral side of the hody cavity. i{ilky-white in coloww.

itage ¥V - Advanoed mature: The ovaries completely fill the body
cavity and mask the alimentary traot when viewed fxon the

ventral sido. lLight reddish in colour. The ovarian oyst verxry
thin, transparent and the individual eggs visidblo externally.
A fov fully mature transparent eva may be noticed externally
through the oyst in fresh conditiem, as ccleuxless dots. The
maxinum diameter of ova observed was 1,05 mm (66 m.d.), The
advanoing group of ova had a mode at 0.8 ms (52 m.d.). Im
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addition to this tve more ml of yolked ova may alse de
noticed. Among the mature eva scme are completely epaqus,
seme vith transparent pexiphery, some paxtly tmﬁ
and a fev fully transpareant. The paxtly transpareat eva are
light yelleow in celour. The ocompletely Sranspareat eva have
a frothy appearance and have a single eil gledule ox in some

oases twe or threo small dro_plﬂl.

The width of the testes is greatly enlarged and the lodes
ocoupy the entirxe depth of the body cavity, or even more, with
the result their outer margins feld xound to the gposite sides
throuch the ventxel side of the alimentary traoct, clese te the
ventral wall of the boldy cavity., Vhen vieved from the veatral
side the alimentary canal will be completely masked by the
testes which is allky-white in ocelowuw,

a8 Y1 ~ Ripg: The ovaries are turgid and light reddish ia
ecloux, Vith an increased number of colourless dots looking
like boiled sage sprinkled throughout. In fresh oonditiom, if
slight pressuxe is exerted on either side of the abdomen, a
gelatinous mass of transparent ova will be sxuded, The laxpgest
ova are tzansparent and jelly-liko reaoching a maximum diasstew
of 1.12 mm (72 msd4.). The mode of the xipe eggs is around
0.94 ma (60 m.4,). The trenspareat ova have single o0il
glodule in fresh ocomditiom.

The testes nilky-white in colour and. greatly enlazged.
Bxude mnilt on applicaution of siight preasure.
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S3axe YII o - Paxtially sasai: They are slightly shrumk in
velune and reduced in sise and will de slueet e¢f the sise of

stage IV, dut axe a dit flaccid and collapsed vwith slight
wrinkles on the surface oespecially towamis the podtorior end
vhere the egges will de loosely packed indicating that seme

of the mature oggs have been shed, ZThe tuxgidity of the ovany
wvill be lost, The maximm diametexr of the ova is adeut 0,94 ma
(60 m.4.) and the frequeney distridution shows omly tve
categories of yolked eva. The advanced group has its mode at
0.69 mn (44 n.4.). ZTheae ova axe completely yolked and opaque.
In these ovaries the tissue will be more. A few degenerating
ova, undorgeing reserptiocn may also de notioed.

The tester fu thia stage vill de shruak and wrinkled,
The margins will be transparent oy transluoent with white patches
here and there. The central part will de milky-white in colouw.

gtage YILD - Fully cpepit 7The evaries are shrunk and
ehongated, Lliadbdy vith wriakles on surface dwe to collapeed
condition, In preserved condition it has a greyish colowr,

8%1l11 a group of yolked eges may be observed along with seme
remnants of mature ova messuring wpte 0.8 mm (82.m.d.). These
eggs may not be healthy in appearance. The lumen of the ovaxy

is filled with ruptured tissues, yolk fragnents, scattered o4l
droplets, etc., vhich indicate the degeneration of the ova. %The
ova undom resorption are acetimea transluoent in appearano®,
with the yolk in the form of small spherules, light grey ow



broewnish in celour surrounded by vide txanspareat spaoce.
It is assuned that all tho remaining yolked eva in this
stage may undexge degeneratioa and o resoxded resulting
in stage II b,

The testes of this stage is leose and vhite in esleur and
shrunk, and greatly reduced, with Sransiuocent patohy »egioms.

5.3. DISTRIBUTION OF OVA IN THE OVARY:

Inorder to £ind out the distridbution of ova in differemt
regions of the ovary of 2. scuka, samples from anteriom,
niddle and posterior regions of the right lode of a mature
ovary (stage ¥) from .a specimen msnsuring 145 mm in tetal
length were 'cfuf out and teased on a plankton cownting chamben
and the ova diameter me: curements in each portion were neted
separately. The frequencies were ploted in Plate IX, Fig.3
which show a similar® pattern in the distribution of the
maturing and mature ovae and henoe the diameter frequemnay
polygon of the three regions were comdined (P1l. 1X, Pig. 4).
Similarly the distridutional pattern of ova in the left lobe
of the same ovary was also found to be wniform (Pl. 1IX, Pigs.
5 & 6)., In this study the small ova measuring below 0.3t mm
(20 m.d.) were not mocrured sinoe they vere of the immature
stock. In all the further stuiies, sinoce the right evaxy was
oconsidexradbly bigge® and contained g large number of eva than



the left the dianeter: monsureannts of ova were takon from
the egge of the middle regiomn of the right evamy.

Ovaries in all the stages of maturity comtained immatuze
ova mexsuring up to 0.22 mm (14 m.4.) through the yeam. Hemnes,
in otages other than immature (stage 1), only developing
Ammature (stage II) and maturing (2%age III) ova above
0.22 mm (14 m.4.) vere meansured, 3Jeveral other earlisr
workers like Clark {1934) and de Jong (1540) have followed
the same method and found thet it gave satisfactory results.

5.4. DEVELOPMENT OF OVA T0 MATURIYY:

Ove dianeter mearurements of as many a8 93 ovaries in
different stoges of naturity wers taken foxr this stwiy. 3Based
on the charagteristic macrosoopic appearance of the ovexy
correlated with misrescopio stwiy of the ova, nine maturity
stages have been given earxliexm. In the tadulated dudta and in
the figures ryepresenting the ova dianeter frequency polygens,
measurmente are given in elass intexvals of twe micrometen
divisions,

Ovaries typical of the rine stages describded earliem
havo been selocted and their ova diameter frequencies are
precented im Table 63 and the corzresponiing fresquemcy polygems
vere drawn (P1. 1X, Figs, 7-15). In stage I, majority of the
ova wers in 6ise range 0,02 - Q.12 mm ( 3 - 8 m.d.) vith the
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TABIR 673

PEROERTAGE PREGUENCIES OF OVA DIAMETER IN MICKROMETRR DIVISIONS
I DIFFRRINT MATURITY STAGRD
Maturity siages -
b ¢ 11 IIl v v vI Vil a VIIB IX ®
Devoly- .
Dia~ Inng- Hatu- NMate Advae Paxti- Recever-
%4p opesy

ST mien teite e S, VY B3, e e
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
e 2.69 1,41 0,80 == o= == o= - 1.0
3- 4" 28,13 1067 So1 o= o= o= = - 44T
S« 6 44.73 22.78 11,82 o= = o= o= - 10.97
Te 8 20.73 20,00 19.63 == == o= = - 18.18
910 3.59 15.67 16,57 == o= o= = - 14.57
11212 0,13 844 1536 o= = o= = - 11.40
19-14 5027 4,45 == == == - - 635
15-16 2.67 4.45 T8 1.97 2,50 S5.17 9.66  8.66
17-18 5.47 3.58 8.59 3.25 2.83 6.90 11,72 7.2
19-20 4011 3.28 11,15 5,41 5,46 7.24 14.48 7.3
21-22 2.22 2.37 10.10 6.05 5.53 4.83 7.39  4.62
23-24 1.56 2.92 9.64 6.73 S.72 8.97 15.10 2.3
25-26 0.89 3.50 9.05 7.81 6.78 5.86 6.90 1.4
27-28 0.67 1.75 7.28 7.09 5.29 7.59 7.59 1.0
29-30 0.35 1,73 5.44 6.51 5.66 4,48 4.14  0.43
3t-32 0.22 0.88 #.35 5.46 35.33 4.48 5.52
33-34 1.24 3.15 4,13 3.73 5.52 1.5
536 1.39 3.74 4.69 35.62 4.14 2.76




2abls 63 (Comtd.....)

(1) (2) (3) (4) (3) (¢) (7) (O)ﬁg) (10)
37-38 0.58 2,89 3.99 3¢75 2.41 3.43
5940 0020 2,75 3.87 4.67 1.72 4.14
41-42 0:29 1.64 2,48 4.08 4.83 0.69
43-44 2,43 2,46 2.83 7.24 0.69
45-46 4.5 3.63 2.50 95.52 1.38
4748 5,02 3.94 1.8 3.45 1.38
4950 2,23 5.7 1.64 2,76 2.07
5152 0.66 5.25 1.32 2.76 1.38
5354 4.01 2,30 0.69
5586 2,78 4.55 1.72
57-38 1.60 4.67 0.69
59-60 .11 4.94 1,09
61-62 0.38 3.a2

63-84 0.26 2,17

635-66 0.17 1.28

67-68 0.59

€970 0.39

71-72 0.13
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mode at 0,09 mm (6 n.4.) and a fov of egze measured wpte

0.19 mm (12 m.d,). In stage II the maturing of the ova wvas
Reticed and the first batoh of developing ova was fownd
wvithirawn fxom the general stook with a mede at 0.31 mm

(20 m.d.) and a maximum sise at 0.50 mm (32 m.d.). As the
mturity of the ovary pasced on from stage I1 to IIX, a second
group of ova got separated from the omiginal, immature stook,
vhile the first group progressed furthex to give a mode

2% 0.%6 mm (36 mn.d.). The second group had the modo at C.41 mm
(26 m.4.). Indications of BOT® osgs8 being drawa from the
tanature stook and gotting added to the seoond grouwp of maturing
ova zould be noticed in this stage. The maximum sise of the ewva
oboexrved in stage III was 0,66 mm (42 m,d.). In the next

atage (etage IV) the dcv'éhpmt of ova sdvanced further and

ia addition to the immature stock Sthree nodes wexre visible.

The modes obeexved at 0.56 mm (36 m.d.) and 0,41 mm (26.m.4,)

in the previews stege advanced to 0,72 sm (46 n.d,) and 0.%56 ==
(36 m.d.) respuotively in stage IV. 4 fresh group of maturing
ova had separated from the immature stock and advenced $o & mede
at 0.3t mm (20 m.4.). The mazimum sine of the ova measured ia
stage IV was O, 83 mm (53 m.d,). The modeo at 0,56 ma (36 m.d.)
ebserved ia stage 1V remained stationary in stage V indicating
that thexe was no grewth to this group, whereas the mode at
0.72 mm (46 m.8.) of stage IV progreeced further to show a peak
at 0.81 ma (52 m.d.) in stage V. This mode wze constituted By
the mature growp of ova, t0 be Spawned in the ensuing spawming
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season, and was distinotly separated froa other maturing
gzouwp as evident from the frequemoy ocurve of this stage.
The thixd nede obsexved at 0.3 mm (20 m.4.) in stage IV had
pregreseed further in stage V, giving a mode at 0.4 mm

(26 m.d.). The maximum sise of ova messured in stage V vas
1.05 =am (66 m.4.). In stage VI the mature growp of ova
sdvanoced fuxther forming a mede at 0.94 mm (60 m.4.) and
shoved a faster grewth rate than the othex twe medes. ZThe
saximun #ise of the egg vas 1,12 sm (72 a.4.). Theso wewe
zipo eggs to Yo spawned, As the fixst growp of ova matured
enough Se de spavned, the mode of the second batoh of ova,
vhioh wvas remaining stationary at 0.56 ma (¥6.m.d.) in
stage IV and V, started developing and progressed %0 give a
small peak at 0.62 mm (40.m.4.). The third mode remained
stationaxry at O.4! mm (26 m.4.). Ths ova diametexr frequemay
ouxve of stage VI showed that the firss growp of eva was
distinetly separated from the secemd group. Stage VII A
showed an ovary in a partially spent condition vhezxe the
first batoh of ova was oxtzuded., From the diameter freguency
polygen of this stage it may de seen that a fev residual eva
8till remained in the ovaxy, vhile the ssocond growp ef ova
started developing t0 maturity and decame a proainent mode
at 0,69 mm (44 m.4.). It may be assuned that this growp of
oggs in dwe ocoumse may develop %0 take up the place of the
fizet grouvp vhich was alresdy eliminated and may xesul$ ia



- 21 -

a second spawning in the same season, Fluoctuations withia

the cuxve repressanting the thimd growp of ove resulting ia
many nodes may be noticed in stage ViIA, a majew mode deing
bdeing at 0.57 mm (24 =.4.). This stege Y1IA almost resemdles
stage IV except for the presence of a fev residwal ova which
provide solid evidence that spawning had ocouxed recemsly. A
fow degene:ating ova were also noticed in stage Viia, Ia

stage VIIB may be odsorved that the advanding datoh of ova

met with in stage VIIA has also been eliminated. The frequemcy
polygon of this stage presented several minor modes vithia

the thixd growp of esge. The sise of the major node was 0.3 ma
(20 n.4.). %Two small modes, one at 0.62 mm (40 n.d,) ad
anothex at 0.78 sm (50 m.d.) veme also neticed ia stage VIIB,
of vhich the latter nay be residual egge left ever in She
second spawvning and the former one be the result of the
progression of the 0.53 am (34 m.d.) mode odoexved in stage
Viia (P). VIII, Pig. 15). The number of the degensrating egss
vas mo¥»e in stage VIIB. In addition to the stages desarxided
above, soms ovaries vith tho ova diameter freguencies reseambling
almoet stage IX (P1. IX, Pig. 15), were also me$ with in the
oourse of this stwiy, in which twve grewps of ova weze paesent,
The firet growp ranging in sise frem 0.20 S 0,47 mm (13 so

%0 m.4.), vith a peak at 0.25 am (16 m.d4.), vas formed by fresh
and healthy ova. The second group, measuwing less than

0.20 mm (13 m.4.) vith a mede at 0.12 s (8 m.d.) vas the
immature stock. Buch an ovarxy descrided as stage 1IIB is
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netieed only in mature fish above 132 mm ia total length (sise
at fimet maturity). The frequency distzidution of Shese
ovaries may wesemdle stage II dut they were differem$ in
mozphelogioal characters, It may be assumed that the
maturing yelked eggs lofs ovex by the sooend spawaing
degenerated and were ruo'ibod, zesulling in an ovary as
desorided in stage IIB, This may pass through a resting
phase befoxe further maturation stazxts for the next spawning
season,

5¢5. BPAVNING:

A total of 1587 £ish was examined during April 1969
$0 Narch 1970 ané 1973 fish during April 197C to Nameh 1971
t0 stuiy the percentage ocourIrence ot‘lm in different
stages of maturity, 7The details of the oboervatiocas are
presented ia Tadles 64 and 65. In this stuly the maturity
stages as 4efined Dy the Intermational Cowncil fox the
Rxplowation of the Sea (IUNS) (Yood, 1930), as zepreduced
by lovern and Vood (1937) was followed. Hemce, stage 1l
in this stwdy inclwdes both virgin II and recoverimg II sad
stage VII inclwies only spent fishes.

The percentage ocourrence of the ovary in differemt
atages of m@n: is presented in Plate X, Jigs, | and 2
respoetively. In Apxil 1969 stages II %0 V and VII were
present, stage IV being the most dominant, In May all the
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2ABLE 64

PEROENTAGR OOCURRENOR OF QGONADS OF DUBLUMIRRIA AQUSA IN
DIFFERENT STAGES OF MATURITY

April 1969 %o March 1970

E—_

¥o “' . Stages of maturity
1 1X 11X Iv v Vi Vil
April 60 ¥ - 1.66 15,00 45.00 26,67 - 11.67
37T K 2.7 - 27,03 35.%4 21,62 - 13.51
ey 87 ¥ | e- 1.1 2.% 29.88 26.44 3%1.0% 9.20
9% 4 2,22 2,22 - 22,22 27.78 285.%6¢ 20.00
June 58 T 20,69 18.96 27.99 13.79 o= 5.45 15.52
58 M 15,52 25,86 27.56 12,07 6.90 6.90 5.17
83 M 20.23 23.60 29.21 16,85 1.12 6.74 2.2%
m ’o ) 4 '30:» 32000 8.00 32000 2000 o band
73 M 12.33 39.72 28.77 17.8% 1.37 - -
Septembex 77 F 22,08 62.%4 5.19 9.09 1.% - -«
T2 M 20,85 54.19 11,11 11,11 2,78 o =
Oaotodbexr 104 F 10,58 89.42
63 1 6.3% 93.65
Zovember 91 P 9.24 90.76
38 4 13,16 086.34
Deoemder 62 F 12.90 87.10
5% K 24.00 T76.00
Janwaxy 98 F 19.39 67.35 135.26
68 M 35,350 60,29 4.41
Tobxuaxry 44 F 11,36 54,55 34.09 -
#Aaroh 76 T 2,67 35.95 40.79 44.74 7T.89 -
59 N

- 1,86 52,54 16,95 8,48 10.17
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TABLE 65

PEROBATAGS OCCURRENGE 0P QUHAUS uF DUSBUMLERIA ACURA IN DIFFURRNT
SPAGES OF MATURITY

dpril 1970 %o Naxoh, 1971

Ho.of 3tages of matuxity -
m‘h ‘:-;h s.’ AR = = ]
1 11 111 IV ¥ vi i
Apxil 90 r .1 - 20,00 42.22 30,00 4.45 2,22
SO X ‘o‘? hnannd 20.00 26.‘7 32.00 90” ’o,’
55 M 1.59 == 18,87 24.53 9.43 24.53 20,75
89 M 10,11 31.46 25,84 10.11 4.50 4.50 13.48
7 K 5.35 30,67 32,00 25.33 6.67
w 61 F 11,48 32079 45.90 9.9 = oo =
Septendex 46 Fr 28,26 6€5.:22 6.%92
68 M 36,76 60.29 2,95
Oatoder 68 ¥ 38.24 61,76
61 K 42.62 57.38
Hovembem 47T » 21.28 T8.T72
: 49 H 20,41 T9.04
Decender 129 F 16.53 83.47
82 # 25.61 T4.39
Janwary 7 ¥ 26.03 50.68 15,07 8.22
48 K 29.17 54.17  16.66
| 58 R 24.14 39.66 32.76 3.44
m' 7‘ ) ) sl 8097 53.35 250“ 7089 —— ,an




stages, exocept stage I, were observed and stage V1 which was
net seen ia April was found dominating in May. During Jwme
etages I to IV, VI and VII wvere oboexved, OUtage 1 vas net
seen in the previous two months and stage V obsexved im the
previous month was abeent in June, An imcrease in the
pexroentage of stages II, III & VII and a docrease ia %he
peroentage ef stage IV and VI could be noticed in this momth,
In July and August almest the same pattesn wvas netieed with
the precence of stages I te V, 4ill these five stages were
observed in September alse, Dut the percentage of stage IlI,
IV aad V weze much less and the u;o:ﬁy vere in stage 11,
Duzing Octobexm, Nevembsr and December only stages I and 1I
vexe notised, stage 11 deing predominant, An increase in
the pereentage of stage II was noticed in June onvards, and
1% reached its maximua in Hovembez and Shereaftex i%s
pexcentage began to decrease, Maturing of the ovary

(stage 11X) staxted in Janvary 1970 and the peroentage of stage 11
inoreased in the subseguent menths, In Januwary and Fedruary
stages I %0 111 were moticsd and in Maroch stagee IV and V
also started t0 appear in good percentages, espeocially
stage IV, Stages 1 and 1II vore repreasnted only im small
pexocentages,

During the sudsequent yeaw, April 1970 te Nawoh 1974
(P2, X, Pig.2) the pereentage oocurrxence of ovary im different
etages of maturity presented almest a similax picture as that
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in the previous year, in Apyil, oxcept stages II all the ether
stages were recoxded simmltamsously. Stage IV ranked Ziret ia
this nonth and stage V stood next, 5Stage I and 111 t0 VI were
prevsent duxing May, stage Vi1 doing predonminans, PFishes of all
other stages, sxoept stage Vi, wvere observcd in Jure and an
increase in psroemtage of stage VI1 could be notioced in this
month, In July stages 1 te V wero represented vith a dominanece
of stage IV while stages VI and VII were net netieced. During
Angunt the percentages of stages 11 and III shewed an inorease,
along with the dizappesrance of fishes in stages v, 71 and Vi1
and a lowering in the peroensage of atages I and IV, Stages I,
11 and 11l wvere recexded ia Septemdex, In Ootoder, NHovembex
and Decemder, ad in the previous year, only stages 1 and 11
were noticed in the eateh, in inerease in the pexcentage of
stage II started in August, reached its meximum during Deeemdex.
In the subsequens three months the mumber of fishes im stage II
beogan te deereans oconsicorabdly with the onsat of maturatien,

In addition to stages I and II fishes with oaturing ovaxy of
stages 111 and IV were obsorved during January and JYebruary,

In Nawech, fiches im ot%age 1 wore absent and 4n adiitiom %o
stages 11, III and IV, fiches in V and VII were also notised.

A oomparisen of the data of thoue two Anccessive years
indicates some salient feetures in tho speociss' spawaing
periodicity. 5tage I was presemt in all the months of She
yoax, During Vetobox, Novoaber and Vecexberx caly stages I and ]II
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wvore found t0 ooour in the cemssrcial catch. In all other
months £4sh in various stages ef maturity veme presens, 7The
precess of maturation was found to start dy Januvary vwith She
appoaraned of fishes in stage Il1l1 whieh occurred in all other
months from January to Septembex, <Though stage IV gvaries
oould do meticed in Janwary 1971, in both the years wnder
stuly, they occourred im high pereentage omly frea March onwaxds,
Fish with ovarisse in advanced stages of maturity (stages V and
Vi) wexe cbaezrved in 4daxch te Jeptemder, Upent Lishes

(stage VII) were recorded in March to June. Zhe adsence of
fioh in etage III azd above during October, liovember, and
Decenber in Both the yoarse, indicates that maiucation process
is net ocontinucus Shroughout the year ana Shere is possidly a
resting period after the spawming season.

#twiies en Sthe percensage ococurrence of male gonade in
different stages of maturity for the same period iniicated a
similaxr pastern 28 of the femelez in the correcponding years,
The details of these otsexvations are presented in Tablose 64
ond 6% and in slate X, Figr, 3 and 4. The start of the
naturation prooess vas indicated by the appeazance of fishes
in stage III from January onwards md th_ua stage vas preseni
in all the sudbsequen’ months €11l Jopteader, Teates Delonging
to stage 1V appeared in Jedruary and lasted till BSepteabex,
Stage V was present in Mawxch, April, May, Jume, July, August
and Septemdex and stage VI was obeerved ia Mareh, April, May,
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Fig. 4

Fig. 6

rig. 7

rig. 8

Fig. 9

Pig.10

PLATE X

Month-wise peroentage ocourrence of differomt
maturity etages of femalc gonad of D. acuts
during 1969-70.

Nonth-wise perceniage ocourrence of diiferemnt
Baturity stages of female gonad of D. gouta

Month-wise percentage oocurrence of different
maturity stages of male gonad of D. aguts during
196970,

Adnth-wise percentage ococurrence of 4ifferent
maturity stages of male gonad of D. aouts
during 1970-71,

Nonth-wise peroentage occurrence of mature and
spent females of D. agutp from April 1969 to
Maxrch 1971,

Gonado-somatic index of imdividual Lish of

D. aguty plot:ed against the largest mode of
the egg dliametor.

Month-wise average gonado-somatic index of
. aguta during 1969=70 and 1970-71.

Monthewise peroentage occourrence of three groups
of gonades namely imaature (stages I 5 I1I1), maturing
(stages 1II, Iv & V) and ripe (stage V1) of

D. pouta from April 1969 to Maxoh 1979,

Socatter diagran fitted with regression line
showing the length of ovary of L. agquls rlotted
againet the total length of the fish.

Scatter diagran fitted with regression line
showing the length of teetis of D. gouta viotted
against the total length of the fish.
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June and July., Btages V1I was moticed in the memths of Apxil,
Nay, June, July and August cnd stage I vas found to oocur in
all She months, During Ootoder, November and Decemdex only
stages I and II were notioed, stage II being dominent,

The peroentage ceourrence of mature (stages 11X, IV,
V and VI) and speat (stage VII) female fishes 3 givea ia
Tablos 66 and €7, As may Do ceen froa thetce Jadles mature
fish does not ocour tiwoughout the yerr but ic aboent in
Ootobexr, Noveaber and December, It occurred in all other
months, with penks in Ma: and July 1969, April snd July 1970
and Haxoh 1971 (Pl. X, Tig. 5). ihe mature fizh coceurred im
high psreentages (adove 50%) euring ioril, May, July and
August 1969; Aduring Maroh to August 1970 and during Maxoch 1971,
The above lables alse show thnt the spent fish was found to
ooour in April, Mey enc June 19693 4n April and Jume 1970
and in Mareh 1971.(FL. X, Fig. 5). From 21l these it may de
asoumed that [. acutp hae 8 definite, dut prolonged, spawvaing
season omo® in a year extonding from Haroh to September with
& peak period from Harek to July or lugust,
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TABLD 66

PERCENTAGE OCCURRENGE OF #ATURE AND SPENT FISH (Apxril1969 to
Maxrch 1970) OF DUSNNMIERIA ACVZA

Total No.o0f Mature £ish Spent fish
Months Tish in all g0 9e 11X, IV,V & VI Stage VII

stages
April 60 86.67 11.67
Xay 87 89,65 9.20
June 58 44.83 15.52
July 92 59.08 -
August 50 56.00 -
September ™ 15.58 -
Ootober 104 - e
Hovember 54 - -
Deocemder 62 - .
Januarxy 98 13.26 -
Fedbruaxy 44 54.09 -
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TABLE 67

PERCES TAGR OCOURRENCE OF MATURE ANU SPEST FISH (Ap=il 1970

o Maxch 1971) OF DUSSUMIERIA ACVZA

Tot *
Honths ’:'E:é:::{ sxmoh;‘;‘::x:t.: & VI %
Aprid 90 96.67 2,22
May 48 95.83 -
June 68 52.95 10.29
July 52 75,00 -
August ({) 55.75 -
Septemderx 46 6.52 -
Ooctoderx (1. - -
Novembex 47 - -
Docenbex 121 -= -
January [ a3.29 -
February 92 34,78 -
March 78 87.18 3.8%
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5.6. FREQUENCY OF SPAWNING:

Acooxrding o (Qark (1934), Hickling and Rutenbuxg (1936)
and de Jong (1940) the mulsiplioity of modes in the frequenoy
ourve of ova diamsters froa mature female indiocates that it
spavns mere than onoe in a season, In the easo of Pussunieria
AQuEA the same oondition was obeerved, It is understood that
vhen the mature group of ova is spawned 188 plaoce 18 soon taken
up dy the advancing group of eggs which has bdeen fellowing the
£irst group and hae already undergone half the maturation
process, Acoexding te de Jong (1940), the seocond group which
has undergone half the maturation takes about half the Sime
taken by an immature group t0 attain maturity, and henoce, the
subsequent spawning should take place soon after, provided
this nm'du not degenexrate and get resorbded, In a ripe
ovaxry of D. pouts (P1. IX, Fig. 12) three groups of ova could
b9 noticed in addition to the immature stock, The first group
(fully mature) ranges in sise from 0.80 to 1.12 mm (51 to 72 m.d.)
wvith a mode at 0.94 mm (60 m.d.). This group is %o be spawned
soon and is clearly separated from the second group of ova
(mature) which ranges in size from 0.55 to 0,80 mm (35 te 51 m.4,)
with a mode at 0.62 mm (40 m,4.). A third grow (maturing)
ranging in sise from 0.23 to 0.55 mm (15 to 35 m.d,) with a
mode at 0.41 (26 m.4.), is also noticed following the second
group, Below 0,23 (15 m.d.) it is the immature stock. As
already explained, two types of spent ovaries were aluo recorded
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in D, agyta. In the first type ocalled “"partially speat®

(otage VIIA; P1l, IX, Fig. 13) the mature batoh of ova has just
been released, This may be svident from the remains of
residual ova in such ovaries, In this ovary the seoomd dateh
ef mature ova, to be spawned in due couree, has already

started te advance and forms a mode at 0.69 mm (44 m.4,). In
the secend $ype which is "fully spent” (stage VIIBj P1,IX,

Fig. 14) the second batch has also been presumably spavned out,
as evident froam the presence of residual ova, The thixd grewp
of ova is yolked and has advanced only a quarter of the
maturation process., The chances may de xather remote fox this
group te complete its maturation process and spawvm in the same
spawvning season itself. Moreover, the presence of ovaries
described as IIB (Pl, IX, Fig. 13) which was observed only in
fishes above 132 ma total length (sise at firet maturity),
oompletoly deny the possibility of this thirxd group of maturing
ova remaining as suoch and being oarried 0 the next spawning
season., It may bde moticed that in stage VIID a few bigger,
residusl ova still remain in the ovary, The mode at 0,31 ==
(20 m.d,) in stage VIIB reprecents fresh and healthy ova similaw
to those observed at 0,31 s (20 m.d,) 4in stage II vhich has a
range wp %0 0,50 am (32 n.4,)., It may bde assumed that all the
other maturing and reridual ova obeserved in stage VIIB completely
degenexato and are resorbded, resulting in the stage as obsexved
in stage IIB which is quite similar to stage 11, On othex hand,
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i% 18 alse rather doudtful whether the fish will be having
enocugh energy te recover all the remaining ova for a third
spawning wvithin the same eeason, The presence of ovaries

as desoribed in stage IIE and the absence of fish with ovarxies
having ova larger than characteristic of stage 1I during
Qotobex, November and leocemder months (Tabdles 64 and 63)

rule out the possidility of all these ova remaining ia the
ovary to be carried over to the nmext spawning season and

adds support to0 the viev of degeneration and resorption eof

the residual ova. MNoreover, it may be notieced that the ocurve
representing the third bdatch of ova is almost smoeth upte
stage VI (Pl, IX, Fig. 12) bdut thereafter fluotwation starxt within
this mode, resulting in several minor modes as seen froa
stages VIIA and VIIB, It may be morxe logical to view this
along with the gradual decrease in the main modal values within
this batch of ova as due S0 degenexation and resorption taking
place in the maturing growp of ove within this batch. In
addition to Shis, the morphological characters of She ovary
such as the presence of 1loosd osnnective tissue; soattered
yolk fragments and broken oil glebule throughout the ovary;
the presence of ocrumbled ova, empty and eollapsed egg shell
and small dut thiokly opaque eggs within the ovamies of

stage VIIB, which are charaoteristios of ovaries undergoing
degenexation and resorption, alse seem to swpport the view
that the left-gver, yolked ova aftex the second spawvning are
not spawvned later in the same soason but underge degenseration
and resorption,
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In an early stage of maturation (stage III) the ova
diameter frequency polygon does not show a distinct separatien
ancng different datches of ova, especially betweon the fimst
and the seocond batches, But in a more advecsed stage (otage VI)
tho mature grouwp of ova appear to de cleaxly separated froa
the maturing growp, From this it may be assumed that the
specios exhibite a dot_mno periodicity in epawning whioh at
e tm‘ may be of short duration, I"t aay b0 notioced from the
polygons of stages IV and V that the second bateh of mature
ove remained practioally statiomary, while the fizst datch
aedvanoced in maturatioa. m:h second datoh started its
progression only when the firet bdato- is ready to be exfruded
as seen from the polygon of stage Vi. Omce the fixst datch
48 eliminated, its place is taken by the eecond batch, as shown
by the polygon of ths partially spent fish, Since twe dastches
of ova are to be shed one after another with an intexval in
betweon, the spawning by the individual fish may de of lomng
duration. In short it may be oconcluded that L. gouts exhibit
e definite pexriocdiocity in spavning and the spawning period is
zather prolonged vith the individual f4ish spawning twice duriang

5.7. GONADO-SOMATIC INDEX:

In addition to ths method of ova~diameter measurement,
the state of maturity of a fish may also be acsessed from the
sise of ovaries, provided there exists a meazsurabdle relatiom
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betveen the weight of the evaxy and the stage of maturity
and veight of the fish, Based oa this, June (1;5!) oalove
iated Telative ovary veight W;um

yellovwfin tunme (Jgoibunnug mscroptoxug) and foumd this e
be a more suitable method S0 £ind out the state of maturity

of this fish., This method was adopted by Tuem (1953) %o
determine the different stages of maturity in Ceatral Paeifie
big-eye (Raxathunons 8idi). This relative ovaxy veight,
othezwvise knowa as gonado-sommtic index, of Duspuniazia acuts
wvas ealounlated inoxder te study the relatienshipy detweea the
gonad index and maturity. This etuwdy was confined te females
sinse the testes of this fish was samall and slender amd the
diffexrence in weight botween stages vas very little. The
index was caloulated for individwal fish in diffexremt months

using the formula, gensdo-sometic index = W .

2he gonado-fomatic index of individual fish thus obtaimed
was ploted azainat the largest mode of the egg diameter
(P, X, Pig. 6). DBased on the regrescion of modal dianetex om
gonad index, the gonad indieen were classified into 4 categoxies
of maturity. (1) The mature ovaries eof stages I and Il having
an index delow 1,003 (2) 3tage 11X (matwring) ovaxy having
an index between 1,00 ani 1,43 (3) Matuxe ovaries ef stages
IV and 7 having the index detween 1.4 and 3.2 and (4) %he ripe
evaries of stage VI vith index above 3.2. 7Thus the data suggest
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that the inoxease in the ovary weight of D. aoula is asscoiated
with the progress of maturity o¢f She ovary.

Fuxthex, the perommtage ocourrence of differxent
categeries in different monthe vere ealculated to fimd out
the coxrelatien between the gonad index and the spawaing
season, Fox this puwpose the sategories with gonad indioces
1.0 to 1.4 and 1,4 te 5.2 wvere pooled togethexr into one
categony ranging 1,0 to 3.2, since the maturation starts at
index 1,0. This gave three groups, Vvia, (1) those fishes with
gonad index delow 1,0, (2) fiches wiith gonad index betwoom
1.0 and 3,2 and (3) fishes with gonad index above 5.2. The
immature fishes of stages I and II came undexr the firat growp,
the maturing and the mature fishes of staeges I1l, IV and V
undex the second group and the ripe fishes belonging teo
stage V1 under the thixd grouw. The pexrcertage ococurrence
of these three groups in diffexruent months during the peried
from Apri) 1969 to March 1971 23 preocented in Iable 68 and
Plate X, Fig.8, Thie figure revealed that the firat group
(Ammature fizh with gonad index b:olow 1,0) ocourred in April
1969, July 1969 to Maxch 1970 and September 1970 to lHarch 1974
with peaks in October, Hovember and Docenber during 1969 anéd
1970. The fishes helonging to ths second group (matuxing and
mature fishes with gonad index bhetween 1.0 and 3,2) wexe
ebsorved from April 1969 to Septender 1969 with a peak in Jwme,
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TABIE 68

PERCENTAGE OOCURRRNCE OF DIFFERENT CATBGORIRS (BASEDON GCBADO =
SOMATIO 1EDEY) I DIFFERENT MONTHS FOR THE PERIOD

APRIL 1969 T0 MARCH 1971

e 328
1.0 1.0=1.4 1.4=3.2 3.2 and abeve
(1) (2) (3) (4) (3) _
April 1969 5.0 5.0 42.0 5.0
Nay 0.0 0.0 50.0 50.0
June 0.0 0.0 957 43
July 15.0 0.0 82.0 3.0
August 20.0 0.0 80.0 0.0
Septembex 68,0 4,0 28.0 0.0
Octoder 160.0
Hovenbex 100.0
December 100.0
January 1970 9%5.0 5.0
Pedzwary 86.0 0.0 14.0
Barch 22.4 5.6 44.0

e (OB 1NNOA wanamnawenans




Table 6.(““...0,

(1) (2) (3) (4) (3)
Apxil 1970 0.0 0.0 7%.2 26.9
Yay 0.0 0.0 6.2 30.8
June 0.0 0.0 82,0 18.0
July 0.0 15.0 80,0 50
August 0.0 16.0 . 82,0 0.0
Septenbex 78.0 22,0
Ootoder 100.0

November 100.0
Cecexberx 100.0
January 197V 90.0 10.0

Fedbruary 60.0 20,0 20.0
Maxch 20,0 16,0 64,0
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frem January 1970 te Septe:dex 1970 with peaks in April and
August and a xapid and steady inoreaso from January 1971 te
Nazoh 1971, ZThe Shixd growp of fishes (ripe vith gonad indesx
abeve 3,2) vere noticed from April 1969 te July 1969 with
peaks ia April and May and froam Nareh 1970 te July 1970 with
peaks in Maxch te May.

m the average gomado-somatic index for each menth
for the yeaxs April 1969 to Maweh 1970 and Apzil 1970 e
Karch 1971 was saloulated from the index fem individwal fish by
dividing the tetal value of the indeces fox each month by the
nunbex of fisk examined. The results are givea in Tadle €9
uui are pleted in Plate X, Fig., 7 for Swo years separately.
The curve representing both the years showed almost same
pattern, The high valuee in the pn's“-u.tic index frem
Rareh to Angust (index adbove 1.5) vith a mode in May may de
indieative of the spawning peried with a peak spawning frea
Naxeh t0 July ox Amgust,

All these oboe:vations clearly indiomte that this
spooies has a single but rather prolonged spawvning seasen
in a yoear from Narch to August with a peak in ¥arch te July
ox August,
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TABLE 69

AVERAGE MONTRHLY JOliALO-S0MATIC IWDEX OF DUSUUMIERIA ACURA
POR TWO YEBARS FRCGM APRIL 1969 T0 MARGH 1979

#oaths 1969-70 1970=71
Aprid 3.049% 2,72%0
Hey 3.215%4 2,8220
June 2,2800 2.36%9
July 2.0190 2. 2517
Augest 2,0663% 1.4940
Septexdex 0. 7651 0.6183
Octodex 0.2421 0.2864
Bovemhex 00,2030 0.3491
De ceabex 0.3577 0.3787
Januwexry 0.4610 0.5088
Tebrwary 0.8389 0.9832

Raxoh 2,445%0 1.8218
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5.8, RELAZIOR RBTVERN THR BIZB OF TER OQNAD AND THE SIiB
OF TRE FISN,

1f the sise of the genad shows a constant xelatisn
with the eise of the fish 1t may be useful as an index of
saturity of a species. In the osumso of this stwdy oa
Dusuaiexia asuts 1% vas genexally observed that the leangih
of the gonai inoweased with the length ef the £ish in beth
males and females, A total of 419 fish, oconsisting of
216 Zemales ranging in sise betveen 114 and 162 am in tetal
length and 203 male® ranging in total length between 110
and 159 am were examined for the study. S5ince the fully
spent ovaries vere much shrunken and distexted in uppoamn
they wexre excluded froam this stwiy,

The total length of the fish and the length ef the
gonad vwore noted with aceuracy along with the stage of
saturity for each specimen., iales and fomales were Sreated
separately. The length of the ovary was plotted against
the lengsh of the fish in n ccatter diagran (#l. X, Fiz., 9).
bimilaxly the length of the teetes wae plotted separately
against the length of the fish (vl1. X, Pig, 10). irom these
diagrams it wvas found that beth ovaries and testes show a
linear relationship with the length of the fish. ihexefowe,
the linear eguation wvas fiited to the data by the least
square method and the values of ‘A’ and ‘B’ were obtained by
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ubing the foxrmula T = A ¢ BX, whexe 'A' and 'B' axe %ve
oconstants and 'Y' represents the length of the genad and °*X*
the lemgt : of the fish, PFor the ovary the equation was fownd
te bo YT = -9,6375 + 0.4222 X, and Lfor testes theeuation was
T = 10,6950 + 0.4247 X.

James (1967) obsexved thet in Bypleurosrenums
Antexngding the length of the ovary and the length of the
£4sh showed a cusvilineax rohfimm bdut wvhon she length
of the ovary was plotted againat the cudbe of the length of
the f1sh it showed a linenr relationship. Prabhu (19%3)
found that im Lriobwrus haumela ( = 7. Jap¥uxus) the relatien
betveon sise of gonad and sise of £ish in males and females
vas simple and direot, %The present odsexvation en D. a0ula
shows shat the relation detween the length of thse fish and
length of the gonad is also simole and Airect.

5«9. BILR AY FIRSY MATURITY:

The =130 at firet meturity of Dysewpieris souia Yee
determined by analysing 864 femeles and 725 peles during the
youxr April 1969 to MHaxch 1970 and 628 femnles and 719 males
during the yoar April 1970 to Mawch 1971, TFemales and males
in the ripe and spent stages were rarely available and henoe

vore represemted orly by a few,

In %his study, the fish ocollected wexre grouped sen-wise
inte 5 am sise growpse and the pexoentage occusxenos of the
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£ish in different stages of maturity iz the sise grews
vas calewiated separately for the tve yeaws for She two
sexes, Fish measuring below 100 mm was not taken inde
aceownt in this study, since, it was found diffioult te
£ix 1%s sex by maked eye (indetexminate)., Al) fishes
belonging te stages I and Il were grouped wunder immmture
oategoxy and astages 11l to ‘11 under mature category ia
the caloulation of the sise at first maturity. The detalls
of the data fox female® and nales foxr the twvo years are
given in Iaules 70 to 73.

Proa Table 70, i% could he moticed that duviag
April 1969 to Haxeh 1970 all the female fish wpto 115 ma
were immature and in stage I. i‘rom 116 an onwards Shey
pass ot %0 2%age II and a few of them (2,00%) were foumnd
to be im the maturing otaze (stnse IIl)., (ature fishes
in stage IV were firet noticed in 121 - 125 um size grewp
(1.19%), Spens fish wvas recorded for the first time in
126-130 mm size greup. Yventhough fizhes dalouging 1o all
stagen of maturity vexe observed in 126~130 mx cise growp,
the majority (66.87%) were in the Lumatwre categosry. Im
131135 mm sise group more than 50% wewe in different stages
of the mature ocateogery (stases III anc above) whereas only
47.12% was in the imzature category. Irom this sise grewp
onwaxrds the peroentage of the fish in the mature ocategory
gradunlly inoressed and 100% of the fish were matuwe 4a
156-160 mm sise growp, Iventhough a small peromantege of
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females wvas mature in 121-125 mm sise greup, more thea S04
paseed en te matuwity only ia 151-135 mm sise growp

(Pl. XX, Jig. 1). HNence, this sise group may de regaxded
as the #1860 at first matuwity ¢f females, Ipent individwale
wexe fiwst motioced in 126-130 mm sise growp and in the sise
greups adeve 1%,

The pexcentage ocousrence of males in differemnt stages
of maturity fer the period fxem Apxil 1969 $0 Maxch 1970 is
presonted in Table 71, Upto a =ize of 115 mm a1l the males
were in ¢the izmature sategory. Indiviiuels in stage 1lI
started to apperr in low pexcentage (4.65%) in 116-120 ma Sise
gzoup. Upto 126-150 mu 3838 growp stage 1 could be netioced
(5.17%) and in this size group the percentage of immature
eatogoxry was 2lso more (77.58%). Kipe males were first
obeexved in 126-130 mm sige group, In 131-13% mm sisze growp
the percentage of imms ure malee was only 46.5% and the rest
belonged to the mature category, The spent incividuale (4.72%)
were fixrst noticed in 131-13% mm size group. In the subseguent
8130 grouwpe the percentage of mature category cradually
inorensed upto 807 in 151155 mm mine growp, Since the
pexrosntage of mature category of males inareaned above 507 in
131-135 mm size group thie may de considered ac the sise ad
2iwst maturity for amlos also (P, XI, Fig, 4).



- 2% -

TABLE 70

PEROINTAGE OOCURARICE OF FEMALES I DIFFERENT S7AGNS OF
MATURITY IN THE VAKIOUB SILR GEOUES IN Wﬂu
AJURA - APRIL 1969 to MARGH

Stages of maturity

84se grovps No,o0f A ———
Tele in mm, fish II1 III1 N VvV ¥ vIX
101=10% S  100.00

106-110 10 100,00

111115 27 100,00

116-120 50 06,00 12,00 2,00

121-125 108 21.90 63,57 7.62 1.9
126-130 160  3.75 63.12 10.00 16.25 1,88 2,50 .30

131=-135 208 47.12 22,12 15,38 8,17 4.83% 2.40
136-140 137 3795 22,63 21,90 6,57 5.84 5,11
141=-145 36 26,74 24.42 27.91 B.14 5.81 6.98
146-150 56 2057 19.65 25.00 16,07 4.14 11,97
151155 18 11.11 32,22 22.22 44.45

156-160 2 100..0
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TABLE T4

PEROBTAGE OCOURRENCE OF MALRS IN DIFFEPENT S9'ACES OF MATURITY
1K THR VARIOUS SIZE GHOLPS OF LUSLUMIARIA AGUSA
APRIL 1969 « MARCHK 1970

|

Stages of maturisy
Sise grouge lNo,0f o —
T.L 48 mm, fish 1 11 II1 v v ¥i vz

|

101105 5 100,00
106-110 6 100.00

111115 25 91.30 8,70

196-120 43 683,72 11.63 4.69

121125 78 53,34 64,34 2.56 2,56

126130 116 5.17 72.41 16.38 5.45 1,75 0,96

131135 127 46,45 28,35 12,60 7.09 0,79 4.72
136-140 129 35.66 23.2% 20.93 5.43 7.75 6,98
143145 123 25,20 21,14 21.14 16,63 9,76 8,13
146150 53 35.88 20,79 13,21 t13.29 1%5.2¢ S.T7

151158 20 20,00 15.c0 35,00 15,00 10.00 3,00
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TABLR 78

PEROUBITAQR OCOURRENCE OF FEMALES I% DIFFERMNT STAGES OF MATURITY
IE THT VARIOUS 5123 GROUPS OF DY3STALEIA AGURA
APRIL 1970 - NaREE 1971

dtages of matwwity
SBise gzowps No.ef -~ = s e
Teloin mm, b4 71 p 4 b & § 11X Iv v v Vi1

101105 5 100,00
106=110 3 100,00

111-115 28 96,43 3.97

146=120 4 75,00 15,91 9,09

121=125 98 48,98 25.51 13,27 B8.16 3.06 1.02
1262130 175 10,29 48.57 24.00 9.7% 1.7V 2,86 2,86
130135 178 48,88 25.28 15,17 4.49  4.45 1,69
196-140. 158 42.41 27,58 19.62 4.43 2,53  3.16
143145 92 32,04 32.61 17.39 3.26 3.26 5,44
146150 35 42,86 17,14 25,71 8,57 5.72
151155 11 27427 63.64 9.09

156-160 t 100.00
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TABLE 79

PERCINTAGSE UOUWIEIZNCE OF HMALHS IN DIFFUBLLT UTAGES OF MATURITY
IN THR VARIOUS SIZE GROUPY OF DUSSUMINAIA ACUTA
APLIL 1970 = MARGH 197%

=2

Stoges of amturity
Sise groups Ke.eof - —
Telie in ma. fLish 1 11 I1X v v v Y1

101-105 4 100,00

106=110 16 100400

1112115 25 92,00 3,00
116-120 58 72,41 22.41 5,18

124-129% 85 47.06 41,47 8,23 1.18 1.19 1.18
126-130 144 8,35 59,72 20.14 5.56 2.78 0.69 2.78
131=13% 149 51.01 28.86 12,75 1.34 6.04
136-140 127 41,73 22.05 15.75 3.15 T.87 3.49
141-145 74 43.24 351.08 12.16 S.41 6,76 1.35
14€-150 30 40.00 33.34 3.53 13.33 3.33 6.67

151-155% 7 14.28 71,43 14.28
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The data collected on the condition of genadial
maturity for bdosh the sexes during the pexiod Apxil 1970 %o
Kaxroh 1971 alse gave similar xesults as adove. Data
presented in Table 72 shows that fexnles were ia the immatupe
categexy wite 111=115 am sise growp. Matuwing started in
116-120 am sise growp (9.09%). 7The mature categexy owessed
the 50% level in 131-135 mm sise growp (Pl. XI, Fig. 2) and
i%s pereentage gradually incxeased thereafter $e 1004 in
151=155 am sise group. 3pent females wexe fimst netioced in
126-130 =m eise growp,

Males dwring this pexried (1970=71) were all immatune
wpte 115 ua, In the 1356140 mm sise growp moxe than 50% passed
on to mature categery and it gradually inoreased in the subsequomt
srowps (Pl. XI, Fig.5). Spent individuals wexe fivst yeesnded
ia the sise growp 121-12%5 ma (Zadle 73).

From the sbove Tables (70 te 73) it may de noted that
fishee delonging te 8Sage 1I were /vumt oven among fishee
of digger sise groups adove the sise at first maturity, This
may be because of the faot that the fully spent fishes whieh
return t0 a state of stage 1I (xecevering II ox 1IB) defowe
the next maturity staxts, had besn considered as stage II.
Practically Shese axe net virgin onee, since they had ence
matuxed and spawned,
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Fig. ¥ - 3 Perosntage ocourrence of mature females of

Ig.

Tig.

10

D. ponts in various sise-groups (in mm) during
the years 1969-70 (Pig.1) & 1970-71 (Fig.2)
and the average for two yeers showing the sise
at first maturity (Pig. 3).

Percentage ocouxrence of mature males of D.aculh
in various size groups (in mm, ) during the yeaxs

1969-70 (Pig.4) & 1970=T1 (Fig.5) and the
average for tvo yeaxs showing the size at first

maturity (Fig. 6).

Relationship botween fecundity and total length
of 2. aguta.

Relationship bdetween feoundity and weight of
D.aguta.

Relationship between fecundity and weight of
ovary of D. pouts.

Relationship between veight of ovary and leagth
of . poula.
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An asalysis of the above data thus indicates thal the
females during both 1969-=70 and 1970«7% and the males during
1969-70 becane pr:otically mature at 131.13%5 am sise grewy
and the males in 1970=71 at 136=140 mn sise grow. A furthes
analysis of the above data vas done ia which She pemoenSage
scourzence of females and mmles in different stages o¢f the
sature oategory wexe pecled Sogether separately fer twe sexes fox
the yoars 1969-T0 and 197047¢ and the avoxage of beth the
yoaxs for each sex were caleulated. Thus Tadble 74 gives the
poroentago oocurrence of sature females in varisus sise growps
foxr 1969-70 and 1970=7V along with the average fer the twe
yoaxs, It may be observed Lfrem that 2% in 1569«70 and 9,099
in 1970=71 zesulting in an average of 5.54% female mmture at
116120 mm sine group. Ia the swdbseguent sise growpe this
pexoentage showed an increase and at 131-135 mm sise grewp
average 52% ef the females were mature., In higher sise growps
the peroentage gradually incweased (See Plate XI, Fig. 9).

In Table 75 the perxcentage occurrence of mature males
in 4different wise groups for the twe years ’ud the average fox
both the years are given, It shows that 4.65% and 5,18% wexe
mature during 1969=70 and 1970«71 xespectively resulting in an
average of 4,91%, The pexcentage scsurrence adeve 30% level
vas Boticed at 131=135 mm sise growp in 1969=70 (53.55%) and
at 156=140 am sise growp in 197071 (58,27%). Bwt the average
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TABLE 74

PERCHETAOR OOCURRBIQGR OF MATURE GROUPS® OF FRNALZS IN VAIIOUI
8128 GROUPS OF DUSSUMINRIA ASSEA

9120 grows 196970 1970=71 Average
116-120 2,00 9.09 $.54
121123 9.53 24.51 17.52
126-130 3%.13 41.14 37.14
151=133 52,68 51,12 52.00
136-140 62,09 57.59 59.82
141-148 73.26 61.96 67,61
146-150 79.43 57.14 6. 29
151-155 08,89 72.73 80.8%
156-160 100,00 100.00 100.00

0

*Mature growps comprise all stages sbove 1I1 (IXI,IV,V,V1 & VII)
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TABLR T3

PIRCENTAOR OOCURRRENOB OF MATURR GBOWS. OF NMALES 1IN VARIOUS
8128 GROUPS OF RUBSUNINRIA AGZA

31se Sows 196970 1970-71 Average
116=120 4,65 5.18 4.9
121123 5,12 1,74 8.49
126-130 22,42 51.95 27.19
1351195 53,53 48,99 51,27
136140 64.34 58, 27 61,91
141148 74,80 56.76 65.78
146150 64.13 60,00 62,07
151-153 80.00 85.71 80. 35

'lhtm growps comprise all stage above 1I1I (IIX,IV,V,VI & V1IX)
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value for both the years showed that 51,27% males were
mituse at 131-195 am sise areonp (,1. XI. mo ‘)o

Frea the abeve analysis it may be inferred that em an
everage there was no signifieant variatien in the sise at
f£iret maturity betveon sexes and detwoen years., Om the
othexr hand deth femsles and males were mature at 131133 ma
sise growp. Hemnce, this sise group may bo regaried as the
sise at fizet matwrity for Duscusisazia aguia. %o be more
spesific it may be notioced from Plate XX, Pigu, 3 & 6 that
sise at firvet maturity for femmles ia 152 mm and for males
132,35 =m (at 508 level) t.o.. in 151=135 am sise grow.

The ninimmn sise at vhich the femaloe and males reached
maturity was odsexved at 116-120 am rise greup. The females
first spawvn at 126=130 mm eise growpy (Tadbles 70 & TR), whereas
tho males fivst spawm at 121-125 mm sise group (iable 73).

5.10, FROUNDIRY:

The reproductive cepacity ef a population is a fwnotica
of the feoundity of females. 7The mumbor of eggs produesd may
diffor in uttuonf species of fishes duwe to soveral faotome
sush as éiffexenees in sise, age, 0to. The feowmdity may vary
ever within the same spooies alse depending em the geegrephiesal
dissridution, seasonal variatiens in epawaing, etc. In exdex
to estimate the sise ef the spawaing popurlatien of s fish, a
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cleax knowledge of the feowndity of the spoocios in questien
is essential., In fish cultuve the foomndity stwiies of the
Species have a great practieal utility in iropo: planning of
the hatohing and nursery operations and for achieving s
ocexrtain target of fish seed production. The number of
individwals in a spawning population i1s estimmted from a
knowledge ofs 1) ths tetal numbor of egsas produced pex yeaw
by all females in She population, 2) the avoruge numdber of
ecen produced dy sach femele in the population and 3) She
sex~-ratio in the population,

Fooumdity of any species of fish 1is ususlly detexmined
from the Setal mumbor of mature ova in the ovary that are te
b0 shed in the current spavning season, The demarkatiem of
those groups of egce varies in different species depending on
the spawning habdits, Acoordin; Se Hiekling and Rutenderxg
(1936), in herring the eggs destined to be spawned in the
ensuing season are ripened simultanecusly, for, in ovary ef
an advanced stage ef riponess, a very clear separation in
respeet of sise may de notioced detwesn the active yolky egge
and the small yelkless emos, Farrven (1938) pointed ouwS that
i herxxzing all the ripeming egss in an ovary are spproximately
equal in sise and that the number of egss destined to ripem may
be determined at the commencement of the yolk depositiom itself,
In bexring, therefore, the laxge yolky egge axe the wheols of
the scason'’s orep, and a count of them gives the absolute
feouwnd ity of the Lish,
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Teowndity of Duppuniszia souta wvas ocaloculated from
95 sature females ranging in sise from 126 %¢ 154 am ia tetal
length, belonging te stages 1V, V and VI,

The eva diameter studies revealed Shat there are three
groups of yelked ova in a mature ovary which indicate that the
indiviiual fish shed the ova in batches in an extended spawne
ing season, If the number of datches in vhich they are shed
in o year and the time interval detween each of them are net
known, it 4is mthexr 4ifficult to estimate the cerrect numdes
ef ova destined to be spawned in a year, But in the present
study it was found that in J. aguts the twe advanced grewps of
oeva msasuring adove 0.46 mm (%0 m=.4.) are spawned in twe
suocesaive datoches and the smaller and the thixd growp of
oggs is resorbed at the end of the spawning seasen., Further,
the evaries are considered as maturing vhen they pass oa te
stage 111, where the maturing growp of egss are abeve 30 m.d,
(seoe P1. 1X, Fig. 9). Henoe, it was oonsidered to be moxe
accurato to ocount sll the eggs delonging to the first %we
growps of developing eggs alone, 1.¢. those vhich measure
above 0.46 mm (30 a.d.).

The feounndity of the 95 fishes examined axe prosented
in Tadle 76 along with the tetal length of the fish, weight of
She fish, weight of the ovary, length of the ovary and the
stage of maturisy of the respective fish, The maximwm
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foound ity (4623 ova) was observed in a fish measuring 154 ma
in tetal length and weighing 33.7 gws. The lowest feowndity
(1443 ova) was notioced in a 130 mm-long fish weighing 18,5 gme,
eventhough the saallest fish atuiied was 126 mm long veighing
7.1 gmm, the feomndity of vhich was 2215 owa . The average
fecundity was estimated at 2733 eva fox a fish of 138.7 m
total length (Tadble 76).

3.10.1.

Host of She workexs have odsorved non-limear relatien-
ship betveen length and feoundity as that detwsem length and
weight of the fish, suggesting thoredby that feowmndity, like
woight, inereases in a propertion much .mstu than the
length. Fxans (1910 a & »), Kisgolevich. (192%) and Claxk
(1934) en their studies on Pleuronectes niatesss, uspian
herrings, and Saziina ORSENISs, Tespestively, shoved Shat the
fecundity of fish inocreases in a proportion to the square of
its length. Ulazk (1934) observed that the fecundity inereases
at & rate 1,9868 to the length in the ocase of Pacifioc samdine,
Aosording to Hiokling (1940) in the herring of Southerm Nexth
Sea, the fooundity inoreases at a ¥ate abeve the cube of
length. 3mith (1947) found a stxaight line relationship
botween feoundity and length in the castern trout. Simpsen

(1951) in his stwiies on plaice, Risuxspesntes platessn, found
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TABLE T6

FUMBER OF NMATURB OVA 1IN INDIVIDUALS OF RUSHSUMIERIA ACURA

Total '.m‘ M‘ H.:gh’ Total

R g3 g gl o SSS
W @ () ) s) (6) (T
1 155 22,1 49 830 2348 v
2 148 28,2 82 T70 2033 IV
3 140 24,0 50 700 2508 4 )
4 127 17.2 46 560 1637 IV
3 192 35.3 64 1940 3397 Iv
3 142 26. 1 54 860 3591 3V
7 139 23,5 - 49 82% 3126 Iv
e I 17.8 4 620 ame  1Iv
9 130 20.0 45 750 2640 v
10 154 33.7 57 1000 4625 IV
1" 154 3%.5 59 859 3420 v
12 12¢ 17.1 42 520 2215 v
13 156 23.1 %3 a7% 3859 v
14 1)) ] 22.9% 47 865 3873 Iv
13 130 18.5 48 530 1443 Iv
16 132 20,2 47 6%0 2931 v
17 152 21,4 7} 700 1338 vI




Tadle 76 (Oontd,... )
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(1) (2) (3) (4) (%) (6) (7)
13 134 22,7 47 790 3816 v
19 150 31.8 57 950 3936 v
20 146 30.3 52 720 2417 v
2t 147 32,1 52 820 2744 v
2 145 27.0 53 680 2852 vl
28 145 28,5 5% T2% 24954 Iv
24 132 20.8 4 535 1819 v
28 134 22,4 9 530 2438 v
26 133 20.3 44 530 2417 v
271 149 26,1 54 820 2976 v
28 152 35.9 60 1225 3298 v
29 144 27.5 46 740 2359 v
30 197 25.0 44 700 2613 A
3N 135 22.9 49 330 2618 v
32 140 27.0 48 935 2909 v
53 134 21.5 47 955 3202 vy
34 137 21.9 59 600 2314 v
3% 19 22,8 50 700 2722
Avexage: 138,7 24.8 50.2 76%5.3 7152,7




that feeundity is related to the volume of the ovary and
consequently to the cube of the length., Iehman (1953)
obaszved a straight line relatienship detween the numbex of
egss and the length of the fish in the Ameriean shad, Alags
ampidiscing. Prabhu (1955) im his studies on IxAchuEus
hanngla noticed the fecunditry inomeasing with the length

at a rate swbstantially greater thar the feurth powex,

241lay (1956) Zeund an exponential relationshipy detween
fooundity and length of fish in Filsg jlishe. Zalekar and
Bal (1961) noted feoundity in Billage pibamg increasing ab

a rate of fouxth power of its logth, Vaxghese (1973) im

his investigations on the f.thy of the Redm, Jabes zohita,
observed that the feoundity incieases at a rate of 3,96 times

the lemgth,

To find out the relationshin bdetween the length of
the fish and fecundity in Dussuniprig agutg the adaolute
feoundity estimated foxr 35 fishes wore plotted againet theiw
total length in a scatter diagras in Plate YI, Fig, 7. The
relationshiy was calcoulated using the least sjuare methed
(Qegaxithmie values) based ca the fermulas

log P =g + b legl
where F = feowndity, L = total length in am, 'a’ and*b’ = {twe
constants. The feoundity (F) and length (L) relatisaship cem
be expressed ast |

log F = «1,2163 + 2,1682 leg L.
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Expected fooundity for length was caleulated dased
oa the adove formula and a regreasion line was f£itted Se
the seatter diagram which shows a straight line relationship
betwecn Stheae two variables. The correlation coeffieient
was caloulated as * = 0,5000. “hen the 'r' valwe was tested
for significance, it was found that °t® = 3,3167 was greatem
than the *t' valwe at 5% lewvel (1,96)., This in.icated a
faizly good relationship betveon length and fecundity,

In the length-weight relationship of D.aguis the
exponsatial valus was found te de 3,.5%509 fexr the poeled 4ate
of detozminate fomales and males for tve years, This value
is higher than that obdeerved ia fecundity-length relaticashiy
(2.1682), This indicates that feoundity imoreases at a rate
less than that of bodiy veight in welation to total lenghh,

" '0. ’.

Smith (1947) in his studies on the fecundity of
Zalvelinus foniinsliis ovserved that the number of s2gs in an
ovary was more related to the veight or volume of the fish
rather than te its length, Simpsen (1951) found that in
platos, Rleurensgtes platesgg feoundity is related to the
volums of ovaxy and aomsequently So the cude of the length,
thus directly pyoportional to fish weight, Allen (1351)
vhile wvoxking on browa txout observed that the xrolatienshiy
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betwoer the number of eva and the fich weight was uﬂm.
Nas Greger (1957) carried out detailed stuldy on the fecwndity
of {axdinens opexrnles with different varishles and notieed a
bettex relationship detween fecumdity-weight tham either ia
foowmdity-length or feoundity-age, The exintence of a
straight line relatiom detweem feoundity and veight of Lish
has been rTeported by sevexal workers like Serojins (19%7),
2illay (1958), Varghese (1961, 1973), Balan (1963) and others,

The feoundity datea obtained for . ggouta was plotted
against the total weight of the f£iah in a scatter diagram
(P21, XI, Fig. 8). The caloulated rogression line equatien
can be exprecsed as:

leg ¥ =» 2,3833 + 0.7%540 log W.

where I = fooundity and ¥ = total woight of fish, A stmaight
line zelationship vas observed betweer theso two variables,
The coxrelation coefficient was foumd to de 'r' « 0.%5809 whieh
wvhen tested for signifieance sheved a fairly signifieant
straight 1ine relationship, The caloulated ':' was fownd
to e 't' = 4,1857 which was greater than the 't' valwe at
5% level (1.96).

The relationship between feoundity and weight of

fish may also be caloulated theswetically if the length-weight
and feeundity-~length relaticonship are kmown., The derivatisn
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oan de written as follows:

r= a

¥V = n.
-2

1 - 84
ST
¥ -sg-};%:b

'a’ and ‘A’ are caloulated 'a’ values of leagth-feoundity and
length-weight relationships respectively.

Bt and L' awe caloulated exponentials of fecundity-length
and length-weight relationships respectively.

In the precent study thke expouential value of the
length-voight relatisnchipy (B) for meture females was caloulated
a8 35.0322., The feowndity-iength smponential (d) was obsowved
as 2,1682, Vhea these values are substituted, the final
ecquation may de rewritten as follows:

i".ai-} ;*::.waz. 1.0, 7ua (&) 0,720

It may be noticed that this exponentinl valwe (0.7227) 1»
clesely egreeing with the ocbserved value (0.7540).



-2 -
In this relationship the valwe of the expeasnt
(0.7340) 48 less than wnity (wmity = 1) and confizms the
intexpretation that the feowndéity incwenses at a zate lses
than that of the body weight im relation %e lemgth,

5.10.3. Relatienshin detvesn fooundiy and velshd ef evaxyy:

According te Hickling (1940) a close relation should
be expected between the weight of the ovary and the numberx
of ova produced, for, the main funetiocn of the ovary is the
produgtion of eggs.

In order %o study the relationship detveen the
fecundity and the weight of the ovary of Dussumisris sculs
the fecundiity was plotted agaimet the weight of the ovaxy
of the respegtive fish in a seatter diagma (21, XI, Fig.9).
The relationship detween these two variables can de expressed
as leg ¥ = 0, 7620 *+ 0,927€ log 0¥ in the logarithmic form
whexe ¥ = feoundity and CW = ovaxry vweight. A siraight line
relationnhip was obeserved with a correlation ocoeffiocient'
tpt* = 0,7835. The test of significanoce showed that the
caleul:ted 't!' = 7,2430 vas gweatexr than the 't' gt 5% level
(1.96) and hence a significant relationship exists Intiut

tbqu two variables.

The szponential value (0.,6276) whioch is lees than 1
indicates that fecundity increases at a rate less than that
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of dody waight and ovary weight iz relation to a tetal length,
$.10.4. Bslatisnahis between lsagih sf 24z and veisht of syaxys”

The weight of the ovaries of 335 specimens delonging te
stages IV, V and VI was plotted against the body lemgth of the
zeopective Lish in a soatter diagram in Plate XI, Fig, 10, to
stwiy the relationship detween these twe vaxiables, The
regresnion line fitted to the data by least squawe method showed
s slightly cuzvilinear relaticmship. In the logarithaic form
the equation may be written as:

lJog (W e 22,0721 + 2,%091 log L.
wheze OV = gvany weight and L = length of fish.

Ti.e coxrelation coefficient °*r* was estimated as 0,62%0
which was found te be sisnifiaant sinoe the calmilated 't° =f,35994
was gweatex than the *t! at 5% level (1.96).

‘he exponentianl value shows that the ovary weighs
ingreased at a rate less than that of body weight in relstiem
to total longth but slightly greater than fecundity in relatieon \
40 tetal length,

This study on the fecwndity of Mypgumisris acuts and its
relationshiy wiih othexr factoxs such as total length, fish
weight and evary weight shows that a highest degree of oorxrelatisa
oxiets between fooumdity and weight of ovary thanm bhetweem
fecundity and any amothexr variables.
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5.10.5. YooundiSy factops:

Targhese (1973) calculated the avexage nmmber of ova
peT gran body weight and per gram ovary weight foxr kobm,
lahes Zehita in exder to stuiy whether the focwmdisy factems
aze influsneed by the sise of the fish, A similar attempt
was wade in the prosent study on the fecundity of J'. goula.

The number of ova por gyam body weight and pew 0.1 graa
ovary wveight vere caloulatod for eash specimen studied., Sinoce
asjority of the ovaries weighed lesz than { gram, 0.1 gram
vas taker aB the unit for overy weight. The number of ova
vas obzerved to vaxry fxom 72 to 172 per gram bdody weight and
frol 264 to 483 per 0.1 gram ovary weight. In oxder to examine
vhether theee fecundity faotors are influenced dy the ﬂqh
site, the data were regrouped at 5 am sise intervals and the
average values of uoh' leugth group wers calculated, as showa
in iable 77, The tadle shows that the Lfeoundity faotoxs are
not influonaoed by the aisze of the fish., Iherufore, the data
wore pooled and the average sumber of ova pexr gman body veight
and per b.! 8ram ovary weight were calouiated and these wvere
found to be 109 and 359 respectively.
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TABLE T

AVERAGE SUMBEK OF B0GS PER | GRAN WRIGHT OF BODY AND PER 0.1 GRAM
WRIGH? OF OVARY IN DIFFERINT 3IZB GROURS OF DUSLUMIERIA ACHRA

Avernage number Avernge numbem

:1.. So, of 81:0 ’rn” 'ot egss g::t oo: ogRS per

B ovany L] Saa ve ° ”w
of dody of bvary

! 5 126 - 130 109 337

2 1" 131 - 135 123 376

3 6 136 - 140 116 363

4 5 141 -« 145 105 313

5 4 146-= 150 90 337

6 4 . 151 - 155 110 365

Avernze 1c9 359

5_0". 82X-RAT 10

In fishery diology investigations on a commercially
important fish, deteiled anrlysis of the rex coupoeition in
the catch is considered es-ential for determining whether
fishing 48 more intense on one sex thae on the other, and Af
80, whether the cbaerved doainanee of either sex is due te
shoaling behaviour or dne to other causes like differential
eceesnibility, vvlnerability, growth and mortzlity. The
sex-ratio studies also contribute towards stock estimatiom
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by the selestive zemoval methed by knoviag the sez-ratie
in oash length grevy (Holt, 1959).

In the present otuly on DRANRRISEIS asuia an attempt
vas made % 7ind out the rature and domimance, if amy, of
either sex by conducting etatistical tetsts t¢ the data
cellocted during a period of Swe yeaws fyes April 1969 %o
Naxok 1971. The samples were classified acoording te the
senth of oapture and leugthegroups of $ mx cize intervals %o
deternine whether there wers any distinot foatures of
variations ix vapect of month or size=gioups in each yearx,
The obsexrved sex~2atic vexe tosted asainst an expected ratie
of 131 by she methed of ochi~aquare (inedecor, 1946).

In Teble 78 are presented the monthwise data em She
son=xatio of fenmnles and malea foxr the year 1969-T70. It =iy
be seen tlat, except for Hay, Jume, July and August, in all
othexr months the females were dominating ovexr the males. ihe
ohi-square values showe! signifioant devistion froa the
oxpectad matie of 1:1 during April, Uctober, January snd Maroh,
In July the females to males vatio wae 131! and in August the
males dominated, tkheugh nol eigmificently, dut ciocse te the
5% significant level (3.48 chi-aquave value). The domination
of maled over feanles in day and June was insignifiexnt, The
obsexved raiie batween fomales and males for the whole year
vas feund %0 b0 11 0.83, the chi-square value of which showed
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that it deviated signifieantly frem 1351 ratio with the females
outaumbering the msles,

In the sudbsequent year April 1970 teo Maxeh 1971 the
obsoxved matis detveon the females and males was 110,87, A
ehi~gquare test showed the ratic deviating significantly frem
111 with the females dominating as in the case of the previous
yeax (tadle 79). ZThe monthly chi-equare test revoaled that
during April, December, Fedruaxy and Naroh the rTatio significently
varied with the dominanee of femmles ovor males. During July
and Septemder the males significantly eutnusdered the fomales,

In all ethexr menths the domimance of one sex ovexr the othex
was iasignifieant,

The ratie of females to males in &different sise grewps
wore studied separxately for two years inorder to know the pattemm
ef sex distridution in various sise groups. In Tadle 80 ave
given the data for the year 1969-70. In the eise groups
96=100 mn and 101105 mm the »zatie was 1t1 and therefrea in
all the higher sise groups She females vere sutnumbering the
asles wpte 135 ma. 7Tho ohi-square values showed that this
deninanes of femles vas significeant in 121-129, 126130 and
131135 mm sise growps. UJenexrally the maturity starts in
121-123 mm sise group and attains the sise at fivet maturity
18 131-135 mm sise growp. In 136-140 mm 8ise grows again 111
ratieo could be moticed., In sisne greowps between 41 to 155 ==



OBI-8QUAKB TEST FOR SEX-RATIO OF DUESUMIBRIA ACHEA GBTAINED
IN DIFFRRENY MONTHS DURING APRIL 1969 TO MARCH 1970

TABLE 78

Months 90:%% remales Males Ratic Chi-square.  D,I.
Aprid 187 118 69 110,58 12,84 1
May 183 8 94 111,05 0.14 1
June 142 67 75 1:1.12 1,08 2
July 190 95 95 131,00 0,00 9
.Amguet 127 53 74 131,40 348 !
Septemder 153 82 TV 150.87 0,80 1
Octeber 174 10T 64 110.63 9,20 1
Novembex 91 52 39 110.75 1,86 1
December 118 67 51 110,76 2,16 g
January 167 99 68 110,69 5,76 g
Dobrensy 76 45 3 110,69 2.58 1
Maxoh 132 79 53 110.67 S22 1
Totad 1740 953 787 1:0.83 15.84" Y

*Bignificant at 3% level (%.84)



TABLE 79

OHI-8QUARE TKST FOR SEX-RATIO OF DUSUUMIIRIA ACUSA ORTAINED IN
DIFFEFBNT WONTHS DURING APRIL 1970 TO MARGH 1974

Nonthe  H9:0f o168 Malee Ratio OChi-square D.P,

£1sh
ot 123 90 53 110,37 26.42° 9
Nay 76 35 M 11,17 0.48 1
June 159 70 8  1:11.27 2,28 1
July 126 51 5 101,47 .56 1
Angust 130 62 68 111,10 0.28 9
Septesdex 114 46 68 111,48 424 1
October 129 68 61 1:10.90 0,358 1
November 96 48 48 131,00 0.00 1
Decembex 200 118 82 110,69 6.48 1
January 121 70 51 110,73 2.98 1
Fedruary 150 93 57 11061 8.64 1
Maxoh 124 79 4S5 110.57 9.32" 1
Total 1548 830 718 110,87 8.10" 1

“s1gnificant at 5% level (3.84)



TABLE 80

CNI-SQUARR TEST FOR SSX-RATIO OF DUSSUMINRIA AQURA IN DIFFERRIY
SIZR QROUPS DURING APRIL 1969 TO HARCH 1970

o= _———

8ise grewps No.ef
tn mm. £iah Females Yales Ratio (hi-square D.I.

e anand

96-100 s 2 111,00  0.00 1
101109 6 3 131,00  0.00 1
106-110 22 12 10 110,83 0,18 1
111118 4 26 25 110,88  0.18 9
116-120 103 56 47T 110,64  0.78 1
121129 196 120 76 10,65 9.8 1
126130 298 183 115 1:0.63 15,52 9
1351135 360 213 147 110,69 12,10 1
136140 ste 159 159 111,00 0,00 9
141=145 228 103 125 11,20 2.12 1
146-1%0 115 55 60 141,09  0.22 1
151155 36 16 20 1:1.25 0.44 1
156-160 s 5 - - 5.000 1

Totals 1740 953 787  1:0.83  15.84 9

*3ignificant at 5% level (3.84)



the males were more than $he females dut not in a signifiocant
level, In 156-160 mm sise group males wexe mot availadle,

Duxing the sudsequent yeax April 1970 te Maweh 1971
the females were morxe in 111115 am sise grouwp and 4in eise
gXoups in detween 121 and 155 mm (Tadle 81). MHales weme
not availadle in 96-100 mm sise group and the edserved
domingnoe of males in 101=105 mm sise growp was feund t¢ de
insignificant with a chi-~square value O,%4. A% 106-110 mm
sise group the males outnundered fomales resulting a signi-
ficant ohi-square value. JIn 116=120 and 156~160 cn cize
groups the males were moxe than the feamnles dut not at a
significant level., fThe ohi-square value for 136-140 mm eise
group, the one next te sine at firet maturity, showed a
significant deviation frea 111 with the femnles eutnumbdering
the males, Por 126-130 mm sise grouwp & high chi-square
value, though not signifiocans, may de notioced with feomales
outnumbering the males.

Sem-xatio of immature (etazes I end lI) and mature
(stagee 11X, IV, V and VI) fishee of . aquts 48 shown im
Table 82, In the yesrs 1969-T0 and 1970=71 in both the
ocategories the femnlos were more than the males, But it may
be noticed that this ebaerved dominance was insignificant in
the immature fish in doth the years. On the other hand the
chi~squazre values of the matuxe fishes shoved a sigaifiocant
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TABLE 81

CHI-SQUARR TEST FOR SEX-RATIO OF DUSSUMIERIA AQUEA I¥ DIFFRRENS
SIZN GROUPS DURING APRIL 1970 TO MARCE 1979

No.0f

120 Srowps  P0o2f remales Males Ratic Chi-square  D.2.
96100 3 3 S $.00 1
101-105 7 s 4 111,33 0. 14 1
106-110 21 s 16 113,20 5476 '
111118 51 28 25 10,82 0.50 1
116-120 105 45 58 111,29 1,64 q
121-123 198 108 87 110,86 1,04 y
126130 332 180 152 1:10.84 2.36 1
131135 31 178 156 110,89 1.10 g
136140 267 155 192 1:0.72 6.92" q
141145 1%9 es 71 110,31 1.82 1
146=150 61 33 28 110,85 0440 y
151155 19 12 T 110,58 1.32 1
196169 6 2 4 112,00 0.66 1
Zotal 1548 830 798 110.87 8.10 9

*3igmificant at 9+ level (3.84)



dominance of the femanler ever males, 3¢ 4% may deo assumed
that 'hq eatis of the twe semes differx significantly, females
outnumbering the males when $he fish starts to matuze o
attains maturity,

TABLR 82

OHI-SQUARB TBST FOk THE SHX-RATIO UPF IMATURR (8TAGES I & II)
AND MATURR (BTAGES IIX, IV, V & VI) FISH OF DUSSUMINRIA
AQUEA FOK THE PRRIOD APRIL 1969 20 MARCE 1971

R ———

INRATURD - HATURS
oays Jo%al Pee Ei‘: Total Ve~ Ohi-
¥ £ish males 1o Eatio oo e 215 males MS Ratis o oave

\

1969-70 916 484 432 110.89 2.96 653 356 297 1:0.85 5.34
1970=71 912 459 453 110.99 0.05 591 351 240 110.68 20,84

“Ratie significantly deviating.,

Tzom the above zesults of the analyeis of the sex-xatie,
1% may be netiged that in gene:al, femalesc were fished mome than
the males, in both the yeaurs, and Sthis fenanle dominance being
often statistionlly aignificant., In certain momthe the
dominance 9 eithey sex over the other wvas found to de signi-
ficant im both the years without any regular patterm that could



b® oexrelated te the spawning seanson, Sex equality was
obsexved only in July 1969 during the course of $his
ebsexvation, Bo 4% may bde assuned that ancag Dussunissis
ANia thexe may de differemtial dehaviour of the sexes whea
maturation degins, the sexes probably meving in separzte
shoals and this pessibly resulting in differemiial fishing,
the fomales being fished mexe than the malen, This segregation
of sexes oould be noticed in sine-wise snalysis alse and more
evident in maturing and mature fishes staxting froa ainimum
sise of matuxity onvagl. (116=120 mm sise group). It 1o
worth /lﬂttnln‘ hore that the commuxcial fishery is oconsti~
tuted by fiuh ranging in sise between 116 and 145 mm total’
length,

In the sise-wise analysis it has boen 2hown that in
gonsxral theve woxze Lo significart dillexrences Letween sexes
in sasller izmnature groups. iLhe differences vere sigaifissmt
only when maturation started and in fishes zanzirg in sise
betwean 116 and 145 mm which consatitute the dulk of the
commercial catch, So an attempt was made to fird out whether
there is any differential growth in differemt sexes of the
adult fish, whiek may xesult in differential behaviewe, 2o
leok 4n to this poesibility, the modal #ise of dDoth the sexes
sbtained froa the biological data were plotted (P1. XIV, Fig.4)
for the two yeaxes from Lpxil 1969 to lawch 1971. It may de



soon that im 1969-70 during June and Septeadber there is a
difference of 5 mm in modal sises, the females deing
smaller, and in all othor momths both the sexee have the same
nodal sise, Similarly in the subseguent year 197071, exocept
July, Naovemder and December in all other months the medal
values could be noticed in July, November and Deoemder ef
vhioh in Hovember the malee were amaller, vheresas it wvas the
femnles that were smaller in July and December, Since
majority of the months 4o not show any difference in the meodal
values between sexes, it may be assumed that two sexes of

D. pasuta 4o not show any differential growth zate.

Hickling and Rutenberg (195%6) and de Jong (1940)
observed that the toleostean fishes exhibit differeant types
of spawning babits, They oould make out at least four majex
stypos based on the observations on the intraovarian ova ia
various stages of development and the number and pattexm ef
the matare and maturing batches of ova in advanced ovaries.
Similarly, Prabhu (1956) found that fishes exhibit four types
of spawning wvhich are nothing dbut same as has dbeen described
by Hickling and Kutenderg (1936) and de Jong (1940). Follewing
these authors Lharmambe (1959), based on her investigations
on maturation and spawning of some of the clupeoid fishes of
Valtair coast imcluding Dupsusjeris hasseltii, obsexved thas
these fishes exhibit a periodicity im spawning but the duratiom
and frequencgy of spawning varied from species te species.
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The present investigations on She spawning of
2900005251a aglita bdesed on the ova diameter frequency of
matuye evariss and the peremntage ocourrense of genads in
d¢ifforent stages of maturity indionte that this species
has an extended spawning, the individuals epawning Swiee
in sach seasom as has been ocbsexved by Dharmambe (1959) in

the case of Lygsumiscia hasesltil.

Dharnasda (1959) obsexved that the maiure evaxy of
D haamoltid of leveon'’s Bay, “altairx, has in addition $o
the immature stogk, three distinot batches of maturing ove
reprevented by modes ‘a’, 'B!' and ‘o', The ova at mede 'a’
are the fixst bateh %0 e spawned in the followving seasen,
Bven befoxo the fixst bateh of egge is shed, thexre is a
secend batch of fairly matuxe ova (mede 'd') well differensiated
frem the fmmatume ova. This batch of ova at D' 18 1likoly S0
be shed subsequent to the spawning of the mode 'a’ ova. The
time intexval bdetween tvo successive spawnings will he mueh
shozter than the time takem dy the immatuze ova to atitain
maturity. The results of the present study on ['. aguta alse
agree vith the above observation, but for the faot $has among
the three datches of maturing eva the second b&tch (nature)
is smaller and 18 net well differentiated from the thiwd
batch (uﬁﬂac) ova. It 18 evident fxom Plate V1III, Fig.18
that the £fiwst datoh (most mature) that is to be spawned in
the follovwing season is clearly differemtiated from the



second batch (matuze). Put the second mode repyesenting
the seocond batoh (mature) of eva is small and mot well
separated from the third dateh (maturing) of ova, when the mest
satured datch remains vnspawvned., VWhem the f£ixst dateh i
epavred this second medo advances further and gets clearly
differentiated from the preceeding batch t0 Do spawned a
second time, This shows that the majorisy of the ova awe
spawned in the fiwst spawning isself and in the secend ene
only a amsallex number of ova axe drawn frem che maturiag
batoh and spawned, evidenced from the sizes of the fizst amd
the second modes Fespectively.

According to Dharmasba (1959) in . bassglsii the
nodo at ‘o' may net ripen and %o spawvned duming She sane
sSeasoh a8 they awe only in stage B (she devides ths maturing
stages inte five as A, B, C, D & N stage B is equal $e
stage 11 of the present study) and they may form the fLimet
hatoh %0 de spawvned in the next season, In the presont study
in 1L, aguls also it is assumed that this thixd batch of ove
(maturing batek) may 2ot bo spawned in the seme seasen decause
these ova are to0 small, bolow halfeway through naturation mnd
henoe chances are rathexr remote for this grouwp of eva %0 got
fully matured and be apavmed a9 a third datoh withia the
San® seassd., It is also anther doubtful vhethexr the fish will
be having encugh snergy €0 recovexr the remaining eva for a
thizrd spawning in the sane seasen,



In the present study, after the seoond spawning,
(stage YIIB) a fov bLigger residual eva still yemain in the
ovary, The mede at 0.3 om (20 m,4.) noticed in stage VilB
zopreasnts fresh and hoalthy ova similar te these ehsexved
at 0,5! aa (20 =.4,) in stage 1II which has a range uwpte
0.50 mm (32 m.d.). All the other larger ove that are
obsexved in stage VIIE cempletoly degenernie and are resorbed
and fizally & s%age as ebserved in stage 1IB zesults whieh
is quito similar te esiage II, The second mode obsexved ia
stage 1IB will be ocarried over to the next spawning nesasen,
as has been cbmerved by Dharuambe (1959) ia the case of mede
‘9’ in her atudy on D. haesel$ii. The essumpticn of degenexatien
and resoxption in the thimd datoh of ova is further swppemted
by the faetoxe such ac steady nature of the third amede in
stage V and VI3 anpoorsnoe of fluctivations within the thirxd
asde fyem stage VIIA onwards, rosulting in seversl minor medes
vithin this datch of egze; gradual decrease in the modal valwe
of this mode from stage VI onvardej pirovesnes of unhealthy and
degonerating ove im the ovary srd, above sll, the presemoe of
ovaries as described in astage IIE. Other morphelogiocal
ocharcofers swporting the theory of dsgoneration and resexpytioa
are dosoribed in detail in the part dealing with ‘frequensy of
syewning’,

Davancean and Chaoke (1944) from their study of the
rainbov sardine (Dussuaiaxia besseltil) ef the Palk Bay and the
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fulf of Nannay, oconclwied that March %9 Decesber period
oonstitutes roughly the bresding season for this fish, They
osllected specimens vith fairly mature and tmmnsparent
evarian eges in April, June, Jeplember and Goteber and
specimens partly amd fulliy speat vexs seen in Lpril, Hay,
July, September and Hovenber, Dlevazesen end Chidembaram
(1948) notioced the spsvning eesscn of rainbov sardine extend-
ing from Maweh to Septembexr, Seklnran (1949) iz his studies
on the feeding and maturity iz relation to musele fat of

D. acuts from Malras oYsexved that this fish breeds in MNay,
June and July., Ohacko (1950) also agrees with Levanesan and
Ghaciko (1944). Accexding o Dharmacba (1959) L.hassel$il.
ir lavson's Bay has a prelanged spawvning seascn extending
fyon Febzuary wpte July., Basheezudeen and Nayar (1961) wexe
able te oollect the laxvae of D. Lhasselsii froa ladras wataze
in Mareh, June,and noém. It may be noticed that all
thuo. obsexrvations generally agree with the fa2o0t Shat the
spawaing seasen of D. hasseltil starte in Febauary or Maveh
and is rather prolonged. OContrary to this, Mahadeven and
Ghacke (1962) stated shat the spawning scasom of 2. hapeelSdd
is from Octeber %o March in the Julf of !lemnar, she peak
boing “during the pexricd when the current from the Palk Bay
with 1%3 le32 saline water sweeps dewn the Gulf of "annap
due 0 the advent of Lextheust fensoon®. Since thase authore
havo aot fuxnished any data o subdstantiate their contemtiom,
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wvhat led them to this oconclusion is mather odeecurs, Mereeves,
a pozusal of She data they have presented in Tadle 11 and IIX
showing peromtage of length frequenay distriduliea reveals
that the smaller fish me-suring bdelow 50 ma standard leagth,
vhich 48 soarcely two aonths old, were collected By thea im
Apridl, May end July during 1952.835 anA in April ard May duriag
195354, No Juveniles wore observel detween Gotoder and Narxch.
Al)l Shis provides negative evidenoe to the:e authers' eententiea
that the spawnirg sessen is frem October to Mawch. Om the
other hand it seenms to support the general view that spawning
starts round about Fetrumary-Sarch. The present investigation
based on two yeers' data from April 1969 to Maxoh 1971 shows
that Dupsupnieria sguta at Mandapam area has a prolonged spawaing
seascon, onoe in a year, extending from Maxrch to July-iugust,

Murther, the period referred to 28 the btreceding season
of 1. Lhagseltii by Mehadevan and Chacko (1962), ie sonsidered
in the ezse of D, gouta, eepeoially from October to Decemder,
ap the resting veirlod hefore the next aeaabn sterte, In these
months oaly imnature, developing lmmature (stagoe 11I) and
gooevoring ened (stage 1IB) vere observed, The maturation
process actually starte on]g by dannary, The juveniles
colleoted during Mey and June, alqng with evidence of other
biologicel data, provide oonocrete suwpport to the infexance
that the spawnivg secaon of P, acuta is from Hexch te Septeader,
Noreover, the high veluves of gonado-domatio index odasrved
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from Narch to Geptemder and vexy 1& values fxom Ootebex
%0 January furthsr substantiate the conolusion drawn from
the prosemt ocdeexvation.

The oize of firet matwrity in D. hasesliisl has been
dotexnined as 14 om by Devenessn and Qhacke (1944). Accoxding
%0 Habsdevan and Chacke (1962) the spawners are in size range
of 120-155 am standard length, But tho prezent investigntion
shovs that the sise at first maturity for bokh the soxes of
2. aguia 1o azeund 132 za total length.

“he only earlier work available on the sex-ratle of
rainbow saxdine is that of Madbadevan and Checko (1962) in
2. haspsltil. Thay odsexved that tne male $o femele ratie
was aMt 152, In the preseat 'obsmatul ea D. aoula the
san-ratio was statistioally tested for significance wmontd-
wise and sisewise. The pooled year-wise data shov that the
sex ratio varied signifiocanily from 1:1, with the females
outnunbering the anles; but mot to the extent as has deen
obsaxved by Mehadevan and Jaoke (1962). Acocording to
mtony Raja (1972) the hizhly signifiocamt dominance of
fomales in oil saxdime it cauced by the differsntial growth
during and after spawning cemson. Hut in the present study
the month-wise analyeis shows that the cignificant dominance
obaerved in osxtain moaths doeP not show any oomhtw'
with the spawning seasen., It is aloe proved that no
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differential growsh is exhidited dy twe sexes of ). aqula.
Hemoe it i assumed that the signifieant difference in
sex~ratio may de due te th differential dehavisuw detweea
She tve semes, especially among the matupe fishes, prodadly
by moving in separato shoals.

The focundity estimations of D. aauip carried owt dy
earliexr vozkess have provided quite difforeat values.
Devanesan and Chacke (1944) estimated 420-500 ova in the
zight lode and 25-80 ova in the left lobe of the ovaxy of
P. basseltil. Mahadevan and Chacke (1962) on the other hamd
ocownted in 2. hasseltil nearly 300 ripe ova frem the evawy of
about 350% of the fishes they emamined, wvhile the Test in the
sane state of maturity showed lesser numder., They alse
obsexved that s an average there are moxe than 5000 eva of
all sisee ia the right ovary alene., The lescer numder
obsexved by the early workers may bs dus to the fact that
they would havo Saken in te considoration omly the mest
advanced group of ova, The present oxamination carried ouwt
o2 35 fish showed that the feoundity for both the lsbes of
the ovary vaxying from 1443 te 4625 ova. Here, along vwith
the most advanoced datch, the secomd datoh of ova were ceumted
since these twe datches were shed in the same nm season
in twe aots of syawaing,

The relationship between the gonadesematio index (981)
and the degree of maturatien of the ovaries had been repextoed
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by lgeren (1951), Thosh and Kax (1952), Nalhetza (1970) and
Godinhe g% a). (1974) fex the speoies they studied.
Raydeok (1971) affirms that the G351 measures the Gegree of
sexual maturation, which of course varies vith the species,
According to @odinho gt al (1974) the GSI is Sypieal for eech
stage of gonadial develepment, In D, aonta also in the preseatd
stuiy such a cerrelation was notiesd te exist detween the 931X
and the maturity of the fish, The results showed that the
immature Lish have a GSI below 1§ the maturing and mature
£4shes havo detvweon | and 3,2 and the ripo f£ishes have adove
5.2, Godinhe 9% gl (1974) suggests that in Pinelodus macilatys
the sexual preduct staxt theiw maturity whem she G8] is adove
2% and that the females are well prepared for spawaing vhea
4% yeaches the lovel of 6%, Haydeck (1971) ccnoclwded that in
Bairdinells i0igta when the 081 is arousd 5% the sucoess ef
hermomal induction for veprodwetion is sscured. In D.agusa
it may de presumed that the females are prepared for spawning
when the 951 reaches 3.2%.



BARLY DEVEIOPMRN?

Quite & fov guthoxe have studied the planktomic egss asd
lazval development of the raimbov saxrdime, Delssan as early
as 1925 studied the emdryenio and larval histoxy of
Duscunieria basseltil from the Java sea. Ilater Devanesan
end Maske (1944) worked ocut the bignomios of the same species
desoribing the eggs and laxvae, . haocke (1950) oould ocolleot
the planktonio eggs of D. hasreliili frea around Krwsedai
Island. Bapat (1955) in a preliminary stuldy on the pelagie
fish eoggs and larves of the Gulf of Mannar and the Palk Bay,
provisionally refors the egss he collected and marked as
‘Type G° so Dussumieris spp. Kuthalingam (1961) desorided
thoe eggs and larvas of J. aoulp dased on his collecticas
frem the offshore area of Madras coast and traced the dovelep-
sent up te 56th day after hatching., Mahadevan and Chacke (1962),
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vhile studying the biology of D. hagoeltii from the dulf
of Nannar have also briefly delt vith its ogss mnd laxvas,
Sumaing all the salient poiats ia the developamt of rain-
bow sardines, Nair (1973) has given an exhaustive yeview in
his menegraph oa Iadian sardines,

6.%. DB3CRIPTICH OF BOG:

The imitial ezamination of the sample could be made
only after 14 hours of artificial spawning. The egg was
ocsleuzless, transparent and spherical with smooth egg membrane
and the diameter varied from 1,34 to 1.66 sm, The yolk was
seguedted and frothy in the eharacteristic clwpeeid fashion
with singlo ooleurlecs eil gledule at the vegetative pele
neusuxing 0.13 to O0.14 mm in diametexr, The proportisaste
size of the oil glodule was 9,22 to 10.16% of the egg diameten.
ﬂy porivitaline space was marrow, and the outline of the
oib:n vas rather clear (P, XIX, PMg. 9).

All the unfertilized egss were ocarefully serted out
and from Shis let 100 egss at raniom were measured fex their
diangter and the peorcentage frequemocy was pletted (P2, IX1IX,
Fig. 1), Nearly 86% of the egge vere detween 1.45 and 1.57 mm,
The range, mean, standard deviatien (3D) and standaxd exrver
were caloulated and graphically presented in Plate XIX, Fig.2.
The values of standaxd deviation and standamd errer were
estimated at 0,049 mm and 0,0049 mm yeapestively,
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6.2. DEVEIOPNINT OF ZHR 29O :

The exmdxye after 14 hours of fertilisation is elender
with a length slightly sexe than half the civocunferemce of
the ogg. The head is clearly formed and $he eye dallo are
olearly visible, The rudiment 0f heaxt couwld de txased Jwst
behind the head, on the ventral side., The awiitery vesicle
is Laintly seem behind the eye and the myetomes are visidle,
The yolk in segmented with oil globule at the tail emd of the
embryo (F1l. XII, Fig. 3). After 17 hours of fertilisatiea the
embrye becane mmch more olongated and encircle the yelk reach-
icg nearly § of the circusferemce (P1. XII, Pigs. 4 & 5). The
eyes, heaxt and auditory vesicles became much mere developed
and ths heart started pulsating at this stuge. ZTho 04l globule
attains a position Just oposite ths head and the yolk is cleaw
and segommted (P1, XIII, Figs, | & 2)., The embryo at 20 hre,
is much more elongated and attain a ‘' shaped orientatien
around the yolk., The heart deat is regular and rhythmies., In
this stage movemens of the embrys was Rotieed at times withia
the ogg and the emdbrye is seen fully adhering to the yolk. is
development preceeds, at 23.30 hxs., the embrys attains fullew
shape (P, XI1I, Pig.6). B8ines the length imexreases slightly
»oxe than the cirouaference eof the egge the tail pertion may
overlap the head, Tho head and body, exoept at the tail ead,
alosely adhexe %o the yolk, The yelk is seguented and the i)
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gledule is looated at the aiddlo perxtion of the dedy, opposit
the head. The myotemes are cleaw; the eye lens fermed and
the awditory vessiclo more prominent., The heaxt at Shis stage
staxts pulsating at a rate of 132 beats per minute, Ruidinents
of the anus is traceadlo. The frequency ef movement of the
endrye inside the egg capsule inoxeased at this stage aleng
vith indepeadent Imount of tail. At 24 hys, the inouwdation
1s comploted and the mmm owt,

6.3. HATCHING:

ihe lazva hatched eut after 24 hrs., of incubatioa,
Befere hatching, $he $1lting movement of the embrye dwe te
the musoular contraetion and alse independent movement of the
tail, becomes moxe frequent and evidomt, Owing te the
lengthening of the embryo it begins to bend at the aiddle
(Pl. XII, Fig. 7) and the shape of the yolk becomes sliighSly
nonspherical. iulging is noticed in the egg membrane near the
M_ot the embxye., At firves it Qevelops as o narrow thimned
area on the egg mombrane above the head in the form of a ring,
Wt gradually widens and $he egg membrane roofing it dulges
out forming & hoed or oep (¥1. X1i, Fig. 7). The embrye
starts wriggling vith ite tail lash inside the egs membrane
strongly. Simultaneeusly, the overlaping nature of the heed
and tall seen ia She advanced stage (f’.” hve,) i lost and
the tail may show signs of moving avay frea the vieimity of



PLATR IXIX

Fig. 1 Diameter frecuency distribution of spawned
oggs of Dussumiesxris acuta. (Unfertilized eggs).

Tig. 2 EHamge, mean, standaxd deviation and standard exrexr of
the dlameter frequency of the above eggs.

A« )3 = Bange, O ~ D = Jtandaxd deviation,
3« F = Standard exrroer and X = Mean.

Fexrtilised egg of D. goutp with 14 hrs. old embrye.

Rgg vith 17 hxs, old emdbxyo.
Another view of the 17 hxe, o0ld embxyo.

rig. 3

rig. 4

rig. S

Pig. 6 Egg wvith 2372 hrs. 014 embryo

Tig. 7 Egg with emdryo just defore hatching.
Tig. 8 Bapty shell of the egg after hatohing.

9 Hewly hatched larva.
Fig.10 Iaxva 24 hrs. after hatohing.

Pig. 1! Iarva 39 hrs, after hatching (This larva was dead and
slightly shrunken).

Tig.12 Hnlarged viev of the head of the 39 hrs, old larva.
¥ig.13 larva 48 hrs, after hatching (after Delsmen).

Fig.14 Enlarged viev of the head of 48 hrs. old larva.
a = anus, 4f = dorsal finfold, ¢ = eys, g = =4 = gil])
slits, go = rudiment of gill cover, gt = gut, h= heaxt,
R = mouth, og = o1l glodule, ot = aunditory vessicle,
P = rudiment of pectoral fin, pv = perivitaline spaoce,

Ve = ventral fin fold, y = yolk and 1,2,5,,..48 =
Ayotomes,






PLATR XI1II

Photographs ef the developing egg of 2. aguta.

Pig. 1 17 hre. old embryo.
Fig. 2 Another viev of the 17 hrs, old eabxrye.
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the head, 4ll these changes indieate that hatohing ef the
ogg is imminent, Vithin a shoxt time, the hoed neay the
head portion breaks off and the head comes out L£irst followed
by yolk and tail., The laxvs swims awvay by the lashing
movement of the tail. Ihe empty egg case is spherical and
the dulged out hood remains at the meuth of the case sttached
t0 it by means of a shoxt and narrow stalk (P1, XII, Pig.8).

6.4. NEWLY HATOHED LARVA:

“The newly hatched laxva sxhidite all clupeeid
characteristics, in the fiwet place by the daskvaxd positiom
of the anus, in the seoond place by the segmented yelk and
in She third place by the pesculiar orossed arrangement of the
muscle fibres in the aytomes” (Delsman, 1925). Immediately
after hatohing the laxva is slightly ocurved dersally and
the o1l glodbule is situwated in mid dorsal side of the yolk,
But after some time the laxva straightens itself and the odl
glebuleo shifts ite position to the posterior end of the yolk.
The larve is transparent and messures 2.4 mm in length
(P1. XIX, Rig. 9). The head is closely applied to the yolk,.
The eyes are .unpigsented and soms distanes dehind them are
the aunditory vesicles. ''he rudiment of the draim is visidle.
The beaxrt is pulsating regularly. The anus is situated at
the pesterior endj; 48 preannl myotomes are present, The
pest anal myotomes are not acourately cowntadble. ZThe yolk sae



is elongated and slightly taperxing pesteriorxly with segnented
yolk. The fin feld is continucus starting from the doxsal
side of the head and ending at the pootere-ventzal maxgia of
the yelk. Uomsideradle lengthening of the laxva is motieed
during the fixst fev hours of develepmen$, 3 hours after
hatehing £ime dlack pigment spots are mt:lqol aleng the
myotemes and on the upper suxface of the head. Lkapid changes
in the head of the larvae takes place and in the 18 hour-eld
Jarva indications of the gill epening ave seen delow the anditexy
vessiole. Bmall pigment spets spzead all over the swxface

of the yolk and also along the gut. At this stage indicatioms
ef the £in raye aro visible at the candal zegien,

24 _houx-eld laxva:

24 houzs after hatching, the laxrva attains 4.2 am
length. She wnpigmented eyo eocupies 2/3 of the head., Behind
the eye is the much more enlarged auditery vesicle. The lewes
Jav starts developing (P1l. XI, Fig. 10). She fiwst gill-slit
has developed just above the anterior part of the heart., The
iau_rt is ivo chambered., The yolk ismduced and a vertical
separation is notioced, dividing it into anteriow and pestexier
‘poxtions (F1, XIl, Fig. 9). The split up oil glodule ie
soattered in the posterior section of the yolk with a fow
spreading into the anteriox section also. Small dlack pigment
spota spread over the yolk. The posterior poxtion ef the



intestine is well formed, The anus projects clearly delew
the 48%h ayotems. Fine fin rays sppesr. in ihe caudal fim
area. Blight bulging of the fin fold is motiosable om the
dorsal side, above the anal regioa, and o the veatzal side
Just in front of the rmws, Vine black pigeent spois arxe
more in these axreas, while they are scattsred in the rest
of the fin feld, Elack pigment dets awe visidle im a 2ov
along the myotemes, intestine and a few spets o the doxsal
side of the head,

33 houx-old loxva:

in this stage the larva is much more elongated and
slendoxr. The yolk is muoch reduced dut net completely
zresexrded. The o1l glodule completely disappears. The mouth
is wide open (P1. X1I, Fig, 11). The lower jJaw has develeped
and ossification starts on doth.the jJaws., In high negaifi~
oation (Pl., X1II, Fig. 12) rudiments of the testh formatiom
ave visidle, The eye ball oovers the majer portiom of the
head, Belhind the eye, the first gill slit is moze evident
in the form of a round hole., Breaking through ef two mere
€il1l=slfits are visidle behind the first ome. She awditexy
vesicle is further enlazged, Om the postero-dowsal side ef
the heart, belov the thixd and fourth myetemes 1s the rudiment
otthnpootonlni. ihe fin rays axe oclearx in the oawial
region., 7The dlack dets in the fin fold almest disappears.



48 houx-eld Jaxva:

At Shis stage the larva 15 longer and tzanspareat,
The yolk 13 not completely abserbed dut exists as a aarroew
band on the ventzal side, Zhe awditory vesioclo 1s almest
of the sise of the eyo and is slightly oval in sheapo with
essifioations in it, The Jave are well develcped, prominent
and pointed with rudimentary teeth, noarly six in the levem
Jaw and fouw in the upper jav (P1, m, Fig. 13). In highes
magnificatien (21, 1il, Fig. 14) Jav bones are visidle with
indications of caloification. It seems that in this stage
the Jaws cannot be olosed, All the gill-slits have brokea
through in this stage of wvhich the first three. mh_m
visible and the fourth ome is very small, The fixst one is
elongated and slit like. The second one is adout 2/3 of the
sise of She fixst ome and the thixd cne iz still smallex.
Eudiment of the gill cover is visidle oxtending from the
postero-veatral sile of the anditory vessicle to the angle
of the jawv, The rudiment of the pectoral fin is clearly
visible at this stage. The bBlack cpots have disappeared
from the fin fold anu their place iz taken by scastored
pigaent spets in the anterior half, 4 numdber of regulanly
arranged black spote along the undex side of the gut and a
similar series along tho wppexr half of the myotomes are visidle.
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Eapat (1955) found that the egg of Dussumisxia o». is
spherical and measures 1,41 t¢ 1,67 mm in dismetex. The yolk
15 oelourless, txansparent and minwutely vacuoclated and almbet
£i1ls the egg cspsule leaving a Rarrevw perivitaline space. A
single oelourless eil glebule mensuring 0.113 %0 0,182 mm im
dianeter is found neay the ch-tntivo pole. 7The eabmye, yolk
and oil glodule are devoid of any piguent oells, Xuthalingan
(1961) fownd that the eggs of £. aaula are perfectly sphexiecal
with an average diametexr of 1,4 aa, The yolk is epague,
sogmonted and provided vwith a osloumless oil gishule situated
at the tall portion of the embryo. He ommd that the
sphexrical shape of the egge become Arrsgular as development
advanced and the embryo beoame fully developed, Accoxrding
to the precemt observation the uise ef the egg of J. pculs is
1.34 to 1,66 s in dlameter vith an oil glebule measuring
0.13 %0 014 mm and the general disorxiptions agzee vith these

given adove,

The egz of Duogunisxis hasceltil hae been descrided By
Delsman (1925), Devanesan and Ohacke (1944), Chacke (1950) ent
Nahadevan and Chaoko (1962). Acooxding $o Deleman (192%5) the
*gg diametex varies from 1,45 to 1.55 mu vith a small
colourless 04l glodule. Devanesan and (hecke (1944) observed
the planktonio egg msasuring only 0,88 mm tn_ dﬁmtor with
an 0il gleduls at the vegetative pole msnauring 0.26 ma,



hacke (1950) alve gave 0.88 mm as the diametex of the
plenktenic egg of D. happeliil dut recerds a small ecelousless
oil glodule. Hahadevan and (hacke (1962) stated Shat She

o8 of D. happeltil wecsures 1.0 te .15 mm in diameter and
vith an oil glebule of 0.26 mm. Accordimg to Pelsman (1923)
the dovelepment of the egg of D. hasseliil is completed in
ens and a half days, The prezemt edsorvation shows Shat ia
B. acusa the inoubation peried is omly 24 howss,

Accexding to Kuthalingam (1961) the newly hutched larva
of P. aonis 1s transparent anmd float with the head downwards
and ua-in about 2,6 ma in length, The eyes are umpigmented
and the auditory vesicles and the vent are olesrly seea.
There are 49 preanal and 8 pest-anal myotomes vith museles
showing the typical alupecid arrangemest, The oil glodule
oscupies the centre of the aegmonted yolk mass, A nuwnber
of £4ne dlack pigment spots is present om the wnpaired doxsal
and ventral fia folds, Black patohes preaent hetween the
eyes and the suditory vesicles,

Bapat (1955) obsexved that the ten-houwr-eld larva of
Uyssunieria sp. neasures 5 mn in length. 2he yelk mwo\
posteriozly with o1l globule at the far end, He found She
anus below 48th uyotome vith 4 post anal myotemes. Ihe
larva possesses melarophoxe on the head and along the dbody
abeve the alimentary canal. In $ho present stuly the aewly
hatohed larva measured 2.4 ma vwith 43 preanal ayetomes, |



Delsman (1925) found that the mewly hatehed larva of
B. Dasgeliil has the anwa belew She 50%h mystems and the head
of the lawva 18 olosely applisd to the yolk. The eyes awe
wmpignented and some distance bebind them are the awlitexy
vessicles., Fine diack pigment spets aye scattersd along
the myotemes and the upper suxface of the head. Zhe o4l
gledule ocoupies the postericr part of the yelk., In
18Y2 hour-'0ld larva the fizet gill cpening 1s seen delev the
auditory vesicle while the rudiment of the seoond gill spen~
ing is seen behind it, The saall pigment spets have syresd
all ovexr the surface of the yolk and along the gut, dut have
disappeared Lfron the éonal fin fold, Aocoxding to Devanesan
and Chacko (1944) the rewly hatched larve of D. kasgelsid
measures 1,7 aw in length, They found 48 presnal and |
9 post-anal myotomes, The eyoo are unpiguented and twe rews
of drown pigments are present on either side of the laxva.
They noticed rarid growth and forward shifting of the sawe
in the initial hours of developmont, 18 hour-old laxve
pezsures 3 am in lwh with the anus beliow 41st myetoms,
The md!mfa of the pectoral ﬁ.n. appeared whon the laxva
is 3 hour~old. Fin zays were noticed in the eswdal Tegiom
vhen the larva is 6 hour-eld. Acoording to Chacke (1950)
in D. basseltii the anus of the larva i® under 45-48 myotome
and he odserved fine blaok spots scattered along the mtonn.
Mahafevan and (hacke {1962) foumd the hatchlinge of
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B M'unm 1.8 mm 4in lengt with 42 preanal and

10 pest anal myetomes, B8ix hours after hatching fin mays
appeared in the ocandal region of the fim feld,

futhalingam (1961) obeexrved that the ene-day-eld
laxva of L. Aquta continuee te be Sransparent msasurimg
3.1 ma in length, The mouth is not developed and the yolk
o0 1o emallexr in sice with the 04l glodule ocouﬁyhc the
posterior end of the yolk mass. The eye contimues te de
unpigmented and the pestoral fin rwiiment is seen ad &
prominent mombmaneous fold, nly 47 preanal myotomes are
presented in this stage. Thexe wes Do ochange in the laxva
during the next day except its gxowth and reduction im the
yolk,

In D. hasceltil, Devanesan and Chacko (1944) fownd
that the ome=~lay 0ld larva measures 35,12 mn in length with
the rudiments of the lower jaw. After 27 hours, the leagth
of the larva is 3.24 mm with Swo gilleslits and the wpew
Jav ic also differentiated, The anus has moved fonu'll‘
with 39 pyeans) and 18 pest-anal myotomes, 7The eyes are
unpigamted, Forty-five house after hatohing the larwa
measures 3,28 ma in length and the pootexal fins are well
developed, The yolk has completely disappeared and the
Rowth 1o vido epem, The eyes are pigmented Mlack snd diuish-
green, ZThe pigmentation of the fin folds alse disappeaved
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and there are twe »ews of black pignent cells om the eides
of the larva. Nabedevan and C(hacko (1962) found that inm
R+ basnsitii the yolk sac is cempletely absorbed afSex

32 howums whea the laxvae msasures 3.4 am in lengtd, They
found 48 pieanal and 7 pest-anal nyetemss.

in the 48 hour-old larva of ]). hageeltils Dolsman
(1925) found all the gill-elits droken through vith vexy
vide openings, The lower jav is well developed and the
rudiments of the teeth begin to mopear. The yolk has deom
nearly absorbed in this stage, There are 48 preanal myotemes,
< faw scattexed pigment spot3 are present in the anterier
half of the doreal finefold, In the older larvas, immediately
in front of the pectoral fin is a typiod. pignent spet amd
tvo small piguent spots are found invariabtly on the demseal
side of the hend detween the eyes. According te Delsman (1923)
the most striking fecature of the head of the larva of mainbew
sardine is the vwide gaping mouth with the poin_ted Jave and
the strongly developed testh, In this respeoct the hlvu‘
resenble the ®al iarvae, Apart fros these charactere the
larvae gould de ously distinguished fxom the other clupeeid
larvas by the elongated zlendaer appearance and transpareaey.
He found that the yolk eac is absorbed in sdout 2Y2 daye
vhea the eyes vecome dlack, but he could not keep the larvee
fox mere than three days. However, he described a fow



advaneed stages in the development of this raindbew samdine
obtained from the plankton collections. Devanesan and
Ghacke (1944) fownd the 53-hour-eld larva of D. hasesitsi
measuring 3.46 mm in length and possessss a vide mowth
showing a stroag dentition om the lower jaw, They foumd
thres gill-slits in $Shis stage with clear pigmented oyes.

Aceexding %o Euthalingas (1961) the three-day-eld
lazve of ). agulp ocontinue to be tmn:m and BOABSUTeS
7.1 ] h length. The yolk sao i3 completely absoxded and
the oyes have bo,ou black. The awditory vesicles have
enlarged snd the four gille are eeen in this stage. The mouth
and the alimentary traoct are well defined, The twelve-day-eld
larva esntinues te de tramsparent and msasures 14.2 mm ia
length. 7The head is distinot and the mouth 18 well defined,
There are 46 presnal and 11 post-enal myotemes, The gills
are well developed and the rudiments of teeth are seea ia
Shis stage. %The pigmentation of the dorsal side is very faint
while that of the ventral sido has disappeared completely.
Two growps of dlack pigment patches, one atove the eye and
the othex above the suditory vesicles are seen. JFia xays
are well Geveloped in the caudal regien, He oboexved that the
tventy-one~day 0ld larva measures 20,2 mm in length with
44 pre-anal and 13 post-anal myetemes, The f£in rays have
appeared in the dexeal and anal regiens, He ocensiderved
thinty-two«day old larva as pesat larva vhich msasures 28.8 mm.
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dn length and showe all the general oharacteristios of the
specien, The post laxrva at thirty-nine-day eld stage measwres
J3%.3 mm ia length without any change in the extemmal foatumes.
A% this stage the dozeal and anal fims are extremely seft and
transparent and pectoral fins are well developed. The post
laxva at fifty-sixth-day weasures 45,2 am in length and the
gills are well developed., Aceoxding to him these young tip_hn
have a beautiful green colour with a light dlwe shade along
the uppex margin of the eperals and along the daok of the
bedy. Zhe caundal fin is blue-green ia colour and the wpper
surface of the head and oye is omerald gweea, The poM
ventizal and anal fins are white and slmost tmamsparent,

These studies en the 1life history of Dupsumiexis asnts
by Kuthalingan (1961) vere dased on the planktonic eggs from
the tow-net colleetions from the offshore regions oz the
Nadras barbour. He vas able to rear thea in the ladersteny
to the Suvenile stages (fifty-sixth-day-eld larva) by orovidiag
somoentrate of fresh plankton as food. Nair (1973) cosmented
ol this stating that "it is extirenely interesting that he
reared them to the juvenile stages in She laboratory without
any 4iffioulSy whem the other workers wnder similar oconditions
have falled te ear them beyend the third day®. In the
Present study the larvas could be Teared enly fer tve days
and the last larva died after 48%h hour of hatohing.



CHAPTIR 7

AGE AND GROWTH

A oonsideradle amount of information om age and gwewth
Telating te various fish species is alrsady availabdle.
W (1929), van Costen (1929), Menom (19502)and (hmganeva
(1959) have given detailed accounts and have reviewed the
litepatuxe o age determination of fishes. The papers of
Thomson (1904), Chuganova (1926), Hiockling (1933), Nile (1936),
Ie Oren (1947), Jones and Hynes (1950), Epgenal (1954) and
Kelly and Volf (1959) are omnly a few among the owtstanding
earlier publiocations on this sudject.

hahdhthommdcrwthot.mmmuny
impertant marine and freshwater fishes have been estimated
by earlier vorkers of vhich the findings of Homnell snd
¥ayudw (1923), Devanesan (1943), Nair (1949) and Chidambarss
(1950) en Sgpdinella lopgicess) of Seshappa snd Bhimachar
(1951 & 1954) on Cmoslosnue semifaciatuss of Sekharan(195541959)
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ov Saxdinella svp.) of Jhingran (1937) on GAxzhiba BEAZAlSS
of Zarojims (1957 & 1958) en Jugil paxmia and ). SuDRSSANR)
of P4illay (1958) on Hilss Alishas of Sekbaran (1958) and
Seshappa (1958) on kaptrelliger kansgurtas of Ras (1961)
on Ppeviosolans Siacsnthus and of Pansulw (1962) on Srepical
cat-fishes, are a fow %o mention.

All these workers have used different msthods te
deternine the age of fishes, of which Peterson'’s methed
wvas the most popular, The grewth rings on the skeletal
struoctures like scales, oteliths, operocular bhones, vertedras
and fin spines weze also wtilised te determine the age.
Sinoe there are moxe clearcut differences between the
seasens in the tempexate regioms the grevth rings are mexe
or less alear and easy to intexpret. But te vhat extent
these grovih xings are reliadble indications of grevth ox
age in the Sropical fish, ecpecially the short lived clwpeeids,
is comtroversial., Delsman (1929) and Haxdenderg (1938) held
the view that due to absence of any veriodicity in seasens,
msethods used elsewhere may mot be ~pplicable to tropical
fishes. BHowevexr scme earlier workers have been adble te
obeexvo somd rings in the hard parts of some of the Indian
fishes and they attriduted the formation of these rimgs te
different reasens,

EBxoept for a brief nention by Mahadevan and Chacke
(1962) in Dussumisxia hasselsii no informatisn 15 availadle



on the length st age and growsth rate of rainbow sawdinmes,

In the present work an attempt has been made te study the
age and gwewith of D._aantp weing Foterson's methed of length
froquensy analysis snd predadility plot tecknique of

Cassie (1954).

7.1, PEIERSON'S METHOD OF LENOTH FREGUNNCY ANALYSIO:

The pxinciples underlying Peterson's methed of age
deternination may be summerised as fellows)

In & population of s species ottuhhvm.n‘a‘io
restricted spawning seasen, he lengths of the
individuals of sach age-group are apovoximately
"nermally” distriduted.

In a ssmple taken from the population, grewth is
sueh that the medes of the length distzidution of
sSucoessive age~groups are separated along the axis
and may bo readily distinguished.
¥hem the length frequenocy distridution of a sample
ooztaining a nusber of sge-groups is dzawvn a poly-
medal curve results, the separate modes of whieh
repzesent the appreximate msan 8ises of the censtie
tuent WO"'.
In a fish population the age oclasses zrepresented Wy
the modes depend en the numbex of spawnings of the speeiss



in a year, If the spawning is annual, them the meodes
zepresent sucocessive year olasses and if it is diamnual,

the medes zepresent half-yeax clas-es, Using this methed

4% 10 possidle to find owt the average sise ¢f a fow eaxlier
year classes, In older age classes the grevih slows dewva
(Ford, 1953) and as & result the modes usually tend $e
svexiap, thexe_ by makiang their interpretatioa moze diffionls.
In & population of a fish speoies viihout shexrt and specifis
spavaing poxied, the lengths of various growpsd enteriag the
fishery everlap. Then the only possidble way to detexmine
the age 15 to traee the age~growps aftex their entry in te
She fishexy and find the average aonthly gwowth rate in
different stages., Froa this the values of average sise &b
diffezent ages cen be estimated.

The total length measuremente of fresh fish cellected
during the poriod frem April 1969 to March 1971 have besa
wsed in this study, The minimuwm and maximun sise as edeexved
during this pexiod were 47 and 167 mm, respectively.

Zhe_Satal The monthwise percentege frequenay of each sise
sroup of D. agita is showvn in Tedles 83 and 84 for tve years
along with the total numbexr of fish oxamined in each month,
The results are also plotted in the form of iength frequenecy
ourves for eash moath during Apxil 1969 te Narch 197V (P1.X1V,

MMes, 1 & 2).
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An examination of the data presented in Tadbles 83 and
84 xeveals some comspicuous modes together with soae smallex
nedes also. Repetition of some of the conscpiowous medes ia
successive nonths may also bo noticed which may de attributed
to the prolonged spavning season o0f this fish extending from
March te Septembex. 8Since the young fish appeared only in
smaller numbers in the commercial catch the medes within this
group vere smallexr compared to the majoxr medes, In the
discription given delow such smaller modes were also mentioned
as such and were taken into account, along with ether modes,
in the caloulation of growth rate by tracing the modes in the
length frequency curves, The positiens of different modes in
the monthly length frequemay curves from April 1969 teo
March 1971 axe given in Plate XIV, Pig. 3.

In April 1969 a unimodal pattera may bde notioced with
the mode at 133 mm sise group, vhereas a polymodal nature may
be seen in May with three modes, one at 63 am anotherx smallex
ono at 93 mm and a more ocomspicuous one at 138 mm sise growps,
In June alse three modes may be notioced at 73, 98 and 139 ==
sise groups. Of these the fiwast ono is the mest cemspicuouns
mode and may be traced back to 63 mam modo of Nay imdicatiag
10 mm growth, Similarly the mode at 98 mm would have xesulted
from 95 mam mede of May showing a growth of 5 mm. A trimodal
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pattozn was observed im July with modes at 113, 123 and

158 mam sise grouwps., Of these the 123 mm mode is not so
ocsnspicusus as the other two modes, The 115 mx mode would
have zesulted from the 98 mm mede of June by an additiem of
15 mm ia growth, wvhile the 1358 mm mode may b0 traced baock
te 133 mm mode ef June., 7ho mede at 125 mm remains
untraceadle, One miner and two major modes may be seea ia
the next month, August, at 93, 113 and 138 am respectively.
The 93 am mode would have resulSed from the 73 mm mode of
June showing a progression of 20 mm. The modes at 113 m
and 138 am are repetitions of the modes of the previous month,
in September, only one mode may be noticed at 123 am wvhich
oan b9 traced back te 115 mam mode of July and August. Out of
the three modes observed in COctoder at 78, 99 and 1280 mm,
only the 128 am medo ocan ho traced back to the 123 mn mode
of Septemder indiocating 5 mm growth increment. 4 dimedal
pattesn ny be seen in November with a small mode at 88 mm
and another zajor mode at 128 »m sise groups. The former ome
would have deen the result of 10 mm growth to the 28 mm mode
of Octodex whereas the latter one remains as a repetition

oZ the previcus month's mede., In December two medes may de
seens one at 107 mp and another at 123 mm sise grovps, 103 mm
2040 may de traced bdack to 88 mp mode of Novemdber showing a
growth of 15 mm and the 129 mn mode te 99 mm medo of Awgws$
showing & growth increment of 30 mm for 4 months, Ia
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PLATE IV

length-frequency distridbution of D. agnta for the
yeex Apzil 1969 to March 1970.

length-froquency distribution of D, gcuts for She
yoear April 1970 to Narch 1971,

Distribution and progression of aocdos of length-
frequency data of D. gguts during April 1969 te
Haxoh 1971,

Distxriduticn of the major modes of the mature males
and females of D.acuta during the years April 1969
to March 1970 and April 1970 to March 1971 (data
obtained from diologiocal samples).
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Jansary 1970 the frequency curve exhibits a unimodal pattezn
vher the 123 mm mede of Deesmder 1969 is repeated., Im
Februazxy alse 1% 1is wnimodal with tho mode at 128 am sise
gxoup vhieh may be traced bdack te 123 mm mocde of the previeuns
mnonth showing an addition of 5 am growth. Ia Naveh twe modes
may be seen at 93 and 128 mm sise groups, of wvhieh the latter
one is the yepetition of the medo ef the previous momth,

Following the progression ef modes during the next
year from Apzil 1970 to March 1971 twe modes make their
appearanee in April at 108 and 1353 mm aise grouwps, Ths fired
mmummt'otw-wthottu”-u“m
the second omne de the result ¢f 5 ma growth of the 128 mm nede
of Maroch 1970, Zhe 133 mm 