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PREPACE

Egmlmr sardines of the genus Duspunieria, b.lm‘
to the family Dussumieriidae, are smsll pelagic fishes |

forming a ram; €o0d, though net adundant, sessonal fishery
all along the coasts of Indis inhabiting the coastal waters,
?horq'mt been some emrlier reports on such individusl
aspeots as their systematics, distribution, abundance,
osteology and a few biological factors but no attempt has

| been made towards g comprehensive study of this grovp. Two
&pecies of rainbow uzd:.ﬁaa are known to occur in the Indian.
8eas and while a knovledge about their biology vould be
‘WSeful from the fishery point of viev, 1t was alse thought

a :tmly of their systematic position, especially regaxding
th identity of the two species which had raised doudis
Among earlier workers, would lead to a better m-utmm
of the group as a whols. This thesis is mainly based on my
studies during the peried from April 1969 to March 1971 with
3 ﬁmﬁm investigation of fishery aspects t1ll December

M. Area, on the south-east coast of India., Thus the
work em lrs:kh the systematios, blelogy and fishery o:
rainboy tmmn of Indian seas.
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This work was initisted in Pebruary 1969, when I joined
the Central Marine 34lhlziiq Researoh Iuititut. at Mandapams
Camp as a Senior §uuzeh 8&;1&: of the Ministry of Mucation
and Social Welfars, Government of India. The scholarship was
for a period of 3 years. Research work was initiated undex
the guidance and supervision of Dr., R.V. Nair who suggested
the research problem. The collection and analyeis of the data
was completed during the scholarship period itself. Subsequently
in January 1972, I joined as a Research Assistant in the
Contral Marine Fisheries Research Imstitute at Mandapam Onmp
and since then the wvork was pursued on the bioclogy and fishery
of several groups of fishes such as anchovies, lisard fishes,
carangids, oil esardine and lesser sardines under various
research projeots. All these years' research experience has
immensely helped ms to acquire more knowledge in the fisld ot
~ fishery biology investigations and in turm in the finalisation
of this gmu.: The collectiom, anmlysis, intexpretationm of
data and illustrations presented inm the text are ny M.
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CHAPTER 1

INTRODUCRION

J Rainbov sardines of the femily Dussunieriidae are
_amall pelagio fishes widely distributed in the trepical
.and temperate regions of the Inde-Pacific. In Indis,
these fishes, theugh commen all along She oeasts, ocour
_emly 1n sems parts in fishadle sagnitude, The Gulf of
m snd the Palk Bay, srownd Mandapan area on the

Ande saydines form & good fishexy.

%111 the end of 19th contury ealy systematies
_stuides vere provaleat en raiubev sardines and in the
Qulr paxt of this centuxy came the work of Rideweed (1904)
_on the oranial esteolegy of Duasuniskia Asuia e
mm ﬁszs ) en the embxyelogy and larval development
' sruniaria haneliil from Java ses, Anothex work

10 f; from abresd is that of Tham 4h Kew (1950)
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Frem Indisn vaters $he earliest work— on scme aspects
~ of blelogy of Faindow saxdine — vas that of Devanesan and

. Ghmcke (1944) whe st¥ddied bxjefly the bisnenies and the eggs
 and larvae of 3. asseltii. This vas followed by Whe work

~ o2 Devanessa tad Chidambaran (1948 & 1953) giving shoxt

~ agoounts of the bionomios, fishery and scenomio impoxtance
of the rainbov sardine of Madras coast in general. Sekbaran
(1949) studied the feeding and maturity in relation to fat
centens in maseulature of D. pgula. Chacke (1949 & 1950)
made some obmervations en the food and feeding habite and
egg® and larvae respeatively, of D. hasseliiil from the Oulf
of Mannay, while Vijayaraghavan (1951 b) studied the tﬂ
of D. aguts. latex, Bapat (1955) described the om and
larvee of Dusgumisxis sp. from the Gulf of Mannar and the
Palk Bay., EKrishmawurthi (1957) investigated the magnitwde
of the fishewy of D. hasselsii in Rameswaram Island.
Dharmanda (1959) gave a short account of the maturation

and spawning of D. hasseltii from Lawson's Bay (Valtair).
Venkataraman (1960) made Dbrief memtion of the food and
feeding badits and Srinivasa Rao (1964) of the food and
feeding habits and of the diuwnal variation in the nature

of the feed of D. hassslsii. Basheeruddin and NHayax (196%)
collected the larvae of D. hasseliii from Madras waters and
correlated the availability with ite nmm season.
Euthalingam (1961) desoribed the egge and laxrvas of D. aguta
from Madras coast and traced the development wp to 56th day
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after hatdhing and he m ,stuited the foeding habits of the
Juveniles, mnu and @m (1962) gave a mul mt
of the Wology of D. M&;m*&mmam Vexy
mmtu Faiw” (1913) reviewed the hitherte availadle
m@mgmmmwnmwa*m
saydines”.

The varicus investigations pentioned above on raimbow
sardines are enly short acecunts limited mainly to one ox the
othex aspeots of biology, such as food and feeding hadits,
spawning season or desacription on larvae and early develspuns,
Moresvez, the fdentity of the tve species of Dussumisxis hed
also been confusing to most of She earlier woxkers on bielogy
and systematies. Hence it was felt desirable to undertake a
detalled investigation on the systematiocs, different aspects
of the bdiolegy and the fishery of raindew sardines of India,
The present study was initiated in April 1969 wnder the
supexvision of Dr. LYV, Naix, then She Seniex Reseaxch DL L
of Csatyal Marime Fishexies Besearch Institute at mm
Camp and later its Directex,

sm th fizst Peocoxd e:ﬂwmmmky

\ vnna:mn from Boubay in 1847, several suthoxs have added
nany -pnm to the genus, which inciude D. pouta
Valenoiemnes (1847), D. sispepides Bleeker (1849), R. O3 Y
Blesker (1850, leoality, Batavia) and D. slepecides Ounthes(t
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The presence ef seversl spesiss in the gemus, with a 1ittle
ox no differences te dsmarcate one frem the othexz, led o a
confusion in the syptematies -}k Shis group as a vhole and
this conditien prevailed 311l $he plemsering verk of

Bleeker (tﬂ:) who suggested shat thers ave only twe species,
nsmely D. pguts Valenoiennes and D, w Bleeker.
Chabanaud (19353) added a nev species to the genus, namely

2. predustissime, vhich, accerding to Fewler (1941) may
belong to the family Atherinidae., PFollowing Bleeker (1872),
Day (1889) and Vebezr and de Besufort (1913) recegaised enmly
twe -jtain under the genws Dussumisris, vis. D. agusa
‘Valenoiennes and D, hasseltii Bleekezr and all othexs vexe
treated as syneaymous with eithexr of these twe species. Bven
aftexr this, ma.u on the identity of the twe species |
prevailed, due tﬁ the faot that the variaiien in the m
'gst :‘mtom 3.1&0 ud.u.‘f»wu re g

{avariably found without the full complement of moales, Shus
rendering any observation cn soales of dowdiful value
(Devanesan and Chidambaram, 1953). Delsmen (1925) also faeed
the same diffioulty and further felt that the other diffexensces
in the characters of these tve species are slight and only ef
relative valus. According to Whitehead (1963) in the majerity
of the descriptions it is zavely stated whether the scale
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emtmumw one based ‘on the specimens examined o2
norely followed )mim unu?ﬂm On aocount of thess
doubts Vhitehead (tﬂﬂ)u vhile ‘studying the systematios of
this growp, wmtu specien of the genws Dussunieris
described hitherte wndex one species, D. aouts Valenociennes
and stated that any variation in the characters can clearly

be correlated with geographical distribution., But in the
present work the author disagrees with the above observatien
of vhu-;m. and has re-established the two species namly

D. pouta Val. and P. haspelsii Blkw, which can easly de
d1stingushed by their differemces in body shape and seversl

' ;tm charactexs, both mexphometrie and merxristie. The author
collected specimens of these two speeies from the same locality,
the Gulf of Mamnar and the Palk Bay, and also from some other
selected oentres along the southern coast of India, and studied
their morpheometric and meristic characters applying standaxd
statisticsl metheds. He oould obsexve that msny of these
characters shoved distingt variatisn in these two species.
Detailed statistical treatment of the above aspects and the
reasons for keeping these twe speciss, B, aguty and D.hacpel$il,
separate, are furnished in Chaptex 3 of the thesis dealing
with the systematies of rainbow sardines,

In the following five chapters the biologieal aspects
such as food and feeding habits, reproduetion, early development
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8g0 and growth, length-weight relstienship and relative
~somdition facter of Zaindev gardines, with special
 ¥eference te B, Afhia, are dealt vith ia detail. The
. signifieance of the studies en foed and feeding hadits of
8 fish has been recognised by the eariier workers on
fishery biology and it became an acespted fach that the
distridution and fluetuation in the availability of food
~ oxganigms of & Species are important faotors that may
affect its behaviour in respect of its migrationm, growth,
oonditiocn, breeding, sheal formmtion and even the fishery.
_ Vith due consideration %o these aspects, the food and
feeding habits of D. aguls were studied, The stomach
contents were analysed qualitatively to know the major foed
itens and quantitatively to assess their relstive abundance
and seasenal variation im different localities in twe
consecutive years ’tm April 1969 teo Maroch 1971, The day
and night lmin woxre analysed separately to know whethex
$his fish exhibited any diumnal variation in its feeding
babits, Oomparisons of the stomach comtents of D. aouta
from the (ulf of Mannax and the Palk Bay, and also detween
the twvo years were made, The food items in various sise-
groups were analysed sepaxately. The comdition of feed,
fesding habits and selectivity were alse studied. The
feoding habits of D. hasseltil, bviised on the limited samples
sollected frem different places wers also investigated for
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in Chapterx 4, r A o |
| 2

The tmuiul factoxs connected with 2he reproduetion
of D. agulp. Yecognising the significance of such knowledge
in sucoessful management of its Lishexy, wers investigated
~ and the results are projected in Chapter 5. This includes
- desoriptions on ths structure of gonais and the classifioca~
tion of their maturity stages, Bind on the ova diameter
studies and the seassnal variation in the maturity stages,
the spaming season m the frequensy of spawming were
- asmessed, The state of maturity was alse determined by
estimating the gonade-somatic index of the fish, The sise
&t £irst maturity was determined $o assess the age at fiwst
maturity, Based on the counts of msturing and mature ova,
those destined %o be mpuwned in the current spawning seasen,
the feocundity of the fish was estimated and 1its xelation
with faotexs such as length of fish, weight of fish and
weight of ovary, was studied. The pattern of -mnth
of P, agnts in aifferent menths sid d4ifferent sise growps
was alse imvestigated in detail,

In Chaptex 6 the early development of D. pguis is
Gescrided and discussed. This study vas based on artificisl
spavning of the ripe males and females and subsequent
fortilisation of the egss aboard a fishing vessel operated
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off Memdapah in the Palk Bay., Z%he fertilised egg snd ite

- deovelopnent, m&h}rnnux and $he hatolwd out laxva

_An various stages ,t developmnt uwpte the Mu, are

~ described in tfe text, Since ne ether acceunt om axtifieial
__spawning and fextilisatien is available on marine fishes in
. Indis, this eucesesful attempt is he first of its kind,

© Ahat teo in o fish like D, soula vhich is quite semsitive
 and dies quickly vhea captwred,

The estimation of age and growth of a fish is
necessary in solving many bieleogical problems, sush as
 longevity, maturity and $ime of spawning, estimation of
moxality, survival mate, etc., all of vhich axe essential

information for a rational exploitation of the stock. With
this in view, an attempt has been made to estimate the age
 and growth of B. aguia using the indizect and statistical
mhaes such as Petexson's msthod of length-frequency
 analysis and predability plet msthod of Cassie (1954). The
. had parte 1like otoliths and scales were alse subjected te
. stwdy, Theoretical grovih was estimated by fitting vea
 Bertalanffy's grewth equstien to the results cbtained frem
f{—.:ht;tznu_*t method, The grovih parametess veze estimated
by axtthaetic end grapbicsl metheds. Based o the Tewults
_of these age and growih stuiies, the age compesitiem of the
_sommereial catoh by different geaxs veze estimated to know




m.«um vith twe ﬁ:nsﬁm; firstly as a means of intere
_senversien and sesondly, o calowlate the 'cenditien facter'.
_Beparate length-weight equations were derived for indetermi.
“sates, for females and for males and, through the cevarianes
test, the significance of varistion of the regressions eof
~ Shese categories were tested, The lengib-veight relatiomshiy
;! 8. hapsslill vas also studied for cemparisem., Utilising
f{%; tkc ‘length-viight eguation the relative condition factor of
&+ acuts vas caloulated., The geonetrical means for differemt
size groups and for immature and mature oategories in different
months were estimsted and the finetustious stuiied. The
_Fesults of these cbservaticns form the contents of Chapter 8.

The information collected on the fishery of rainbow
_Wardines of the Gulf of Kaunar and the Palk Bay are presented
4n Onspter 9. The orafts sad gears employed in this fishemy
ave descxribed. The observations on fishing ssasens, trend of
4ahery, disposal of catch and eatch data over a peried frem
pril 1969 to December 1975, are incoxperated in the text,

phex 10 of the thesis deals with ¥he swmary of the reswits
all ﬁm investigations and in Chapter 31 the refexences
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nb:m} figures and photographs, wherevey necessary
to substantiste the comelunionsy dravn from these investi-
gations, are also imcorperated’st the appropriate places
in the text, g



CHAPEIR 2

MATERIAL AND NETHODS

The material for the present study was collected
during Apzil 1969 te Narch 1971 by regulsr sampling of the
conmeroisl oatohes at variouws fish landing centres in and
arewnd Nandapam along $he Gulf of Namnax and the Palk Bay,
The important collection centres on the Gulf of Mampar side
vere Brvadi, Kilskkarai, Periyspatanam, Muthupettal,
Pudumadan, Vedalai and Mendapam on $he mainland) Pamban,
Dwndugal Peist and Ramesvaram Road en the Ramesvaram Island.
On the Palk Bay side the centres were Devipattanas,
Panaikulam, Athankarai, Dhargavalasal and Mandapam on the
satnland; Pamban, Ramesvarse snd Dhanushkedi on the Island
(1. I, Pig.2).

Foxr the stwiies on systematics, in addition to She
sbove centxes, sanples of rainbew sexdines were sollected
from Madras, Ouddalexe, Tuticerin, Xanyakuwmari, Vishinjam,
pehin, Gsliowt and Manmgalewe (P1.LFig. 1) eithex persomally
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PIATE I

Map of South India showing impoxtant fishing
centxes and centres from where samples of
rainbovy sardines wers collected. It alse
shows the Research Centres/Unite of Central
Marine Tisheries Research Institute.

Map showing imperxtant landing centres in and
around Mandapam snd Rameswaram from vwhexre
regular samples of rainbow sardines were
collected for bdielogical studies.
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Shrough colleagues in the Central Marine Fishexries Research
itute -ub~c$;tsana/aa1tndégoun gf}th;n are shown in

I, Tig.1) at these atafgii. Out 9f the total samples, 25
sach of D. pofity and D. hasseltil. collected from

mt centres and preserved in 5% formalin, were utilised
systematiocs studies. The material included both the sexes
their morphometric mezsurements and merisiic counts were
carefully. The measurements are defined as follows:

Distance from tip of snout to tip
of upper love of the caudal fin,

Sistance from tip of snout to the
fork of caudal fim,

Distance from tip of snout to
nid-base of caudal fin where a

slightly dark vertical line i
visible on preservation,

Distance from tip of smout to hind
edge of operculum on a mnid-lateral

line,

Distance from tip of snout to front
margin of eye.

Maxillary length Distance from tip of snout to
. postexrior tip of maxzilla.

Horizontal diametex of eye.



‘ P
Pro~polvié length
Pre-pectorial length
. Pre-anal length

Gawdal fin length

-1 -

Distance from tip of suout te
antexrior margin of the insertisn
of, dexsal fin,

Distanes from tip of snout %e
antexrior margin of the insertion
of pelvie fin,

Distance from tip of snout %o upper
edge of the anteriex margin of She
insextion of pectoral fin,

Distance from tip of snout to
anterior margin of the insertion
of anal fin. |

Distanee between the base of cawdal
fin, vhere a dark vertieml line

is visidle acxoss the caudal
peduncle, to the tip of the wpper
lobe of cawndal fin (the difference
betwesn $o0tal length and standard
length).

Doxmo-ventral distance of head at
the pesterior doxder of eye.

Dexso-ventral distance of body at
the anterier margin of dorsal fin,

Doxse~venizal distance of caudal
peduncle at the dase of caudal fin. |

The distance from the anterior end
of the oecophagus to the pesterisy
tip of stomach casoum of a completely
empty and shrunken stomach,
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Stemach casoum Distance t:u the Mutu angle
3‘?’"‘ {.’af tumm of pyleric stomach

of a ew\utuzg smpty and shrunken
ssomach,

mmawmathwu:mlwam
sd, She number of pylorio
sae vere counted carefully after taking the gut out of the
Dody oavity. The vextebrae were counted by semoving the flesh
- ’;3.-:-: side of She fish all along the length of the body

' She vertebral colusmn visidle for counting. The exposed
of the vertebral colusa was furthex cleaned using 5%
assivum hydroxide solutien and the number of vertebrae were
d with thi help of a magnifying giass and a needls.

Sedy propertions vers expressed as pexoentage of total
_for fork length and standaxd length;and of standaxd
_for all other characters, The preportions of smowt

, maxillary lemgth, eys diameter and depth of head were
r studied as percentage of head length alse. Using
statisticsl methods the range, mean, standaxd deviatiom,
34 exrer snd yange of overlapping of merphemetric and |
18 characters of the twe species vers estimated.

sions of the morphemeiric charasters ef the twe species
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The samples of D, aeuts used for bdioclogical studies
were collested st random, from the commercisl catehes lended
1n shove-seine, g1ll net and trabl nef, During the peried
from April 1969 t¢ Naxch 1971, on an average 7 samples, each
esnsisting of 12 to 15 fishes, wexe examined every momth.
During the 24 months' peried samples wers available in all
months from the Gulf of Namnar side, while from Palk
y side no samples were available in May and Decesber 1969,
Yy May and Qotobexr 1970 and Jamuary 1971, A total
2247 specimens, ranging in sise from 46 to 156 mm total
mgth, vas analysed during this pexied., On the sampling
ys, additional length measurements of 50 to 100 fishes vexe
, whemever available, in the field itself fox length
ancy analysis. The specimens were preserved in 5%
in $he field after making an incission on the
side, Iatexr, in the laboxatexy, tby vere weoighed
fox x.u;ﬁ; “4he sex and state of gomadial
{as defined by lovern and Veod, 1937) were recoxded,

ngth and veight vere noted in millimetzes (mm) and
 wespeotively. The stommoh and the gonads vexe them
sdd presexved in 5% formalin in separate tubes with
indieating the place and date of collectien, time
‘ o: type of gear used and sanple mumber, for later
in detatl,
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vmm nothods are employed in $She -m: of food and
foﬂm hadits of Zishes (!112*1, 1952). Unlike other
};zccx m“ml #ishes, $he’ quantity of food of D. aguba
1‘ very little meh nakes it difficult te determine the
utm volune by displacement method. ITherefore, the
iulmtxia points method (rum, 1952) was employed. Stnm
- 4% has been pointed out by Hatarajan and Juingran (1961) that
4he oocurrence methed ox volumetrioc method alone will net
. give a correct idea of the importanee of the individual feod
items, bdoth eocurcence and velums Vere taken inte account,
}no analysis was done by the method of ‘'Index of Prependezance’
tl "nunha by the abeve authors, employing the formula
m x 100, vhexe 'V' and '0' are percentage volume and
perosntage ocourrence of a fosd item reaspectively. The extent
£ feeding was detormined by She degree of distension of the
maoh and the amownt of food contained, and was expressed
) 'gorged®, *full’, '35/4 full', ‘Y2 fwil', ‘'Y4 full’, 'little’
and ‘empsy* with 100, 80, 60, 40, 20, 10 and O points sssigned
espectively. Depending on the relative volume of the items,
158 were given for each, From these values, volums for
:l.tn was ocalculated, The percentage volume of each feod
_3%n was found from the total volume of all the stomach
4 itents in each sonth. Similarly, the peroentage sccurrence
2 different items was determined from the Setal number of
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becurrenes of all items in ench menth. The ‘Index of
Preponderance’ was taifen to ipdicate the food preference
o2 . aguia. - ’

,

To ascertain the cendition of feed in varicus months,
the degrse of fulness of the stomsch of each fish was noted.
A stomach wvas designated as 'gorged' vhen it was tightly
packed with food Ltems, its wall appearing very thim and
transparent, A 'full’ stomach wvas the one that was normally
filled with food, its wall sppearing thin, It was ranked
18 '3/4 full' vhen it vas in a partly collspsed conditiom,
Similarly they were claseified as '¥2 full' and ‘Y4 full’
lepending on the relative fulness and the space ocoupied
by the contents. The state of stoemach vas termed ‘'lLitile!
rhen the contents ecoupied less than a quarter of the
sapaeity of the full stomach. Those stomachs, wvhere there
a8 absolutely nothing inside, wvere termed as ‘empty’ and
in suck cases Yhe stomachs vere shrunken and the walls were
Ibick with prominent innexr folds. ZThe percentage occurrence
p these categoxies were computed frem the total number of
stonachs examined in a month.

Eaoch stomach wuﬁ ocut open and the contents were washed
Inte & petri dish, The various ceosponents of the food items
texe observed wader a bimecular microsocpe snd identified
ipte species or genus or family, depending on the completeness



¢ the organisms and the extent of digestion. In cases

exe the digestion had progressed to an sdvanged stage

~ o where the food itelis wexe im a hignly mutilated conmdition,
mking the “wﬁf&eatm of !eoé elenents difficult, the

__ content was treated as 'digested matter', rngusta ot
tamaa appendages and other body parts were gtoupod

tarustacean remeains',

For the studies on reproduction of D. gouta, the
nade vhich were carefully removed from the fish and
eserved in 5% formalin, were analysed, The attached fat
the excese moisture from each gonad ;raze carefully
moved and the length in millimetre and weight in milligrems
Ire recoxded. Since the prodlem of spawaning habits has e
» largely approached by such indireat methods as the analysis
} growih of ova by measuring the increasing diametex, the
d, as developed by Thompson (1915) and successfully
s by subsequent workers like Clazk (1925 and 1934)s
ng and Rutemberg (1936), de Jong (1940) and Prabhu
6) was followved, A small portion of the ovary was
red and teased out into a plankton counting chambex.
) ova were carefully separated with fine needle under
ddspecting type binocular microscope and spread out
@ly in the chambexr which vas then filled vith water

& ‘ihﬂ ova to immerse in it thereby avoiding the drying
ovs in the course of measuring. The method of
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 msasurement was, in gensral, similas to that desorided by
- @axk (1934), June (”53): M (1955) and othexs, the
mioremster being parmenently '?uu in herxisental positiom
snd the dhutw taken paxallel to two horisental guide lines
oa the slide in whatever axis the ovun liss, as the slide
- was moved slowly, In addition te the parsllel lines eof
the micrometex, the squares of the plankton counting chamber
OB vhich the ova were spread, were found %o be helpful in
- avoiding duplicate measurements of the same ovem, Thus,
the diametexr of the evum may be defined as "the distance °
_between two parallel lines running along the two extremities
of the ovum perpendioular to the nﬂc lines™ (Antony Raja,
;:1964); As has been obsexved by Clark (1934), de Jong (1940),
Pradhu (1956) and Dharmamba (1959) this method was found
‘tc give satisfactory xesulis, A monooular microscope with
ﬂ ocular micrometer .. ': was used to measure the ova., The
gnificakion gave a value of 00,0156 mm to each micrometer
ivision (et:oéiin 10X and eyepiece 5 X), For easier
resentation the diameter of ova is describded in micremetex
: visions (m.d.) along with the ocorresponding millimetre
reions,

Different suthors had maintained difforent views

ing the number of ova te de measured from an ovaxy.
(1934) 4rev her observations kud on measuremsnts

200 ova, whereas Pradhu (1956) considered that mummtn.



02 at least 1000 ova were necessary $o mitigate the probabdle
sxzOR in the Tepressylatien a§ various groups of ova.
Pharmamba (1959) msasured 1000 ova from eaah overy.
bunang (1956) w;s of epinien that at least 2000 to 2500 ova
have to be measured in the advance maturing and mature
svaries, Workers like June (1953), Tuen (1955) and Howard
and Ianda (1958), however, sesn to have resorted to meesuring
lesser number of ova, roughly from 100 to 500, in their
investigations invelving a laxge mumbsr of overies, Anteay
Raja (1964) compaxed the frequenmaey distridbution odtained
from the measuremsnt of 1000 ova and the first 300 ova of
the same ovaxy of oil sardine, Sprdinells lopsgioeps and
found no statistically significant difference betwesn these
samples in any of the evaries to which tests vere applied,
Hence in the present study it was found reasonable to
restrict the measurements to 300 to 400 ova per ovary, ia
view of the laxge number of ovaries to be examined, Ova
iuuﬂz nuu:?;n.nu of 9% ovaries in different stages of
maturity vere taken for this stwdy.

Fox fcml:.ty studies 35 matuve females of 2. souta.
belon u stages IV, V gnd VI, ranging in size frem 126te154mn
,:1 length, vere analysed. From known weight of the ovaxy

5 pextion was removed and weighed. The ove in this sudsanple

a5 oarefully teased out in $0 & cownting chembex., All the

*
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Folked ova measuring above 0.5 mm (30 md.) diametsz vere
gounted undex $he micresogpe um the seane magnification
wied in ova dimmeter atﬂm. L.t.*‘m x §. and the sane
_osulax mierometex, “From the mumber of ova in the swkssample
the total number of o¥a in the ovary vas estimated by
_amltiplying the nusbexz of ova in the sudsample by the ratie
_of the sudsample Veight to evary weight.

For sex-ratio studies, sines the sex determination

y naked eye was rather difficult in fish measuring upte 100 mm,
the fish measuring above this only were taken into scoount,
-total of 3288 fish, 1740 during 1969-79 end 1548 during
97071, was ssalysed for this purpose.

_ The studies conducted hithexto on the eggs, larvas

m4 She early development on marine fishes of Indiavewe based

planktonic collections. But the present stwdy on the

: 1y development of R. aguia is ban& on the artificial

aing of the :in nales and females and subsequent fexrti.

ttmmm:m of the oggs. During the course of this

jigation attempts wexe made to collect the planktonio

and larvae of B. aouia frem the Palk Bay utilising the

ted facilities provided by the ownexs of a private fishing

based at Mandapam. Om 2nd of Naroch 1973, on & new-moon
s trip ves underiaken in Palk Bay and travling vas

t a depth of 10.5 meters off Nendapam, The first haul
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/a8 completed at 21,50 haw and the catoh consisted o
meumu of D. pouta, bpih males ané females in ripe and
sing stages, xmdhtﬂy, et E\.W hours, by gently
mam the ‘bouy. the eggs and milt were tranaferred
ﬁﬁtt s bucket containing filtered sea watex, Extreme
sare was taken not to contaminate the watex by the muous
sxuding from the bdelly. Noxe filtered sea water was ‘ndded
bo it and this helped in mixing of eggs and milt moxe freely,
o detailed observations could mot bs carried cut on
imﬁ due to the lack of faoilities. By next moraing tiny
pubryos were noticeable in the fertilised eggs which were

jat ing on the water surface. ZThe parent film could net

5o kept alive.
On reaching the laboratory at 09.30 hours on 3-3&913,
fertilized live oggs were transfex ed into fresh filtered

water in a slean, round glass teough of about 25 om
. Wt continucus ebsexvations were made and
arious stages in the developmeat of the embryo were
A t11l the death of the last larva at 48th hour after
. The time of fextilisation was fixed between
and 22,00 hours on 2.3-1973 and the fixst larva
oyt in the ladoratexy after 24 hours of imeubationm,
8% 24,45 hours o 3=35-1973, followed by the hatohing

'étaw ogss within s short duratien,
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: For age and growth studies random samples oollected
- from shore-seine and tm} a0t utm were used, Sinos
%he gill-net is & selegtive m.uwm collected from
that gear vers mot ﬁ,uc. A Sotal of 10362 fishes was
“analysed for this purpose. Prom shore-seine altogethex
94 samples totalling 8882 fish, on an sverage 4 ssmles
ueh consisting of about 95 fish every montk, wers colleoted
and measured during the pexied ipril 1969 te Maxch 1971.
mm the same period, from travl nets, 36 samples sach
gomsisting of 41 fish, totalling 1480, were measured, Trawl
amples were availadle only for 12 months altogethexr.
oughout this ltudy; the total length of the fish was
mescured in millimetre (mm) in fresh semdition vm the f1e14
4self. The age and growih e! the fish were determined by
Peterson's method of length frequency amalysis, For this,
length messurements vere grouped inte 5 mm sise groups
th the aid-point Fepresenting the particular sise group.
sise-groups were designated frem is to 5& end s to 10s
h the mid-points at 3¢ and €5 aliernstely. All samples
a month were pcoled to provide a monthly length frequency
ibution., The frequemocy in mumber was oonverted inte
ntage frequency. FProbability plet technique of Umseis
) vas alse used to detexmine the age and growth, For
the eumulative percentage frequency vas caloulated
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) the annusl perceniage frequeney and pleted in Probability
geaph paper to sext out the gnmusl medes,

3

Inexrder to see Mm any of the hard struotures
B+ acuta could be used for age determination, the oteliths
2 230 f1sh of different sises were Temeved and exanined.
§itta, the largest piece of the etelith complex, vas easily
pomoved from the fish, A Zairly deep out by a sharxp socalpal
| the skull through the posterior end of the operoulum,
gutting the otic capsule and subsequent removal of the flap
vealed the otolith situated longitudinally in the otde
psule. This was removed carefully by & pair of forxeeps,
saned in fresh watex, dried and kept in small glass tubes
ih labels. later, esch otolith was exsmined under mioxe-
e in reflected light. Ihe measurements of the otaliths
taken using an ‘oeular ;;emtaz. Iylol was used as
earing medium in wh:.eh thcr otolith vas immersed fox
nation of growth rings, The scales of D, gouis are
1y deciduous. So Q. systematic collegtion of scales
, & particular area was not possible and Rence this cowld
be used for age detexmination. Foxr sorting out the age
osition im the commercial catch the method followed by
pbridge (1952) vas adopted.

For the stulies on length-weight relationship and
#ive condition factor, the total length of fish measured
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ta nuu-mm and weight taken im grams vzn 0.t -
_asourracy were wtilised, 1634 gishes of B. aguts veme taken
fex Shis puzpese. Zhe tym wexe \m grovped uu
indeterminate - smalfex fishes measuring uwpte 100 mm, Vhexe
‘Ahe sexes vere met sasily differeatisble, and dsterminate -
‘;',:t:uhu measuring abeve 100 mm, where the sex differeantistion
m pessible, Nurthexz, among the determinate grovp, the
males and fomales were treated ssparately, During the year
 fzom April 1969 te Narch 1970, a total of 822 fish -

'35 indeterminate, 368 males and 399 females; and during the
segond year from April 1970 to Maxch 1971, e total of 812 fish -
26 indeterminates, 394 males end 392 females, were utilised
£ this study. Ueing the least-square method the regression
oxmulae Zor each of these categories wexe derived and these
eze compared for significanes by means of analysis of
somvarisnce. The length-weight relationship of D.hasseliil
was stutied based on 110 specimens collected from Cuddalexe,
an, Tutiosrin, Ksnyskumari end Vishinjam.

The welstive condition factex 'Kn’ of D, aguis vas
loulated using the forsula En = % 745 fishes belonging
both the sexes were analysed for this stuly, Using the
\gth-veight yelatienship foxmilae the caloulated whight ()
Ahe individual £1sh was determined. The relative conditien
or 'En' vas obtained hz dividing the obsexved weight by
ted weight foxr individwal fishes. The values thus
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shiained were furthex grouped acaoxding %o the sise of the
fish and the month of capfure and the mesn ‘In' vas ealewlated
from which the gecmetrjcsl mesn Vas found for each sise

group and for eaoh month.

The ttﬂyaiumummwnmm'm
sonfined mainly teo the data aollected from s few centres

such as Msndapam, Puiumadam, Muthupetiai and Eilakkaral

along the Gulf of Mannar ceast and Mandapsm, Dhargavalasal,
s\hanksrai and Panaikulam along the Palk Bay cosst, These
“’eun cover four types of gear, Damely, travl net at
Nandapam; shere seine st Panaikulam, Athenkarai, Dhargavalasal,
Mutbupettai and Pudumadam; gill net at Kilakkaral and bag

at Mandapam and Kilakkarai. These landing centres wexe
sited onoe in s week or fortnightly and catoh dats snd

sles were ocellected, Usually all the wnits operated on
day (if the nunber was small) or 10% “, the units operated
nusber of upits was large) wexe obhserved and the data
otal catch of rainbow sardine estinated, maltiplying
average oatch per unit by the tetal number of units

ted om the day. From the total ocatoh of the observatiom
the sverage daily ontoh was estimated which, in tuxm,
sultiplied by the total number ef fishing days im that

2 to got the momthly estimated ocatoh. Likewise the

data wewe golleoted for a peried of nesrly 7 years,
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fyon April 1969 to December ms. The inforamation en araf$,
- gear and mode of umﬂg were gathered from the loocal

~ fishexmen, .

|  Apaxt frem the gensral methodology desoxibed above,
some aspects which requive furthex slaberation ave givea
_in detail in the relevant sections in the text,
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SYSRENAZICS

The rainbow sazdines, oxr rewnd hexrings, belonging -
$9 the fanily Dussumieriidse are small elupeoid fishes
fairly widely distriduted in trepical and temperate seas,
inly in the Inde-Pacific xegisn. The Dussumisxiidae

oxs from the Clupeidas by the sbsence of shdeminal
s, thus having semevhat rownded rather ¥han keeled
s. Baxlier workers like Jexdan & Gildext (1883),
hex (1868) and Veber & de Beanfort (1913) considexed
round herrings as s sub-family of the Clupeidas, but
Jordan (1925) Shey are wsually given family status,
oz, Bvetevidev (1952) retained them in & sub-fauily
wpeidas, dut the absence of socutes in all bus one

y (9ALshzistella aseuaring) of rewnd herrings led
1 (1963) to consider that the evelution of this
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m pre-~dated the ovolution of 4he souted clupeid growpa
WA he feels that presence S absenge of acutes is of sueh
mtnmmumt tu-w}lmumn ”
Inparated from the dmﬂt at fanily level. The recemt
revision of the family Dussumieriidae was that of Bersin
11943) who recoguised twe sud-families, the Dussunieriinse
B¢ the Spratelleidinse. Vhitehead (1963) completely
levised the reoent reund herrings giving a family status

0 Dussunieriidae following Jemdan (1985).

PAMILY DUSSUMINRIIDAR

The latest deseription en the diagnestic charactere
tuon of Dussumieriidae has deen given by Whitehead (1963)
B follows, ‘

"Qupsoid fishes wsually with elonmgate, fusiform
a and rownded bellies. One or $we addominal soutes
Qontuu vith the pelvie fin; pre- ox pest-pelvie soutes
!M!Ol! abaent exoept for the former im one instance

, aestuarius); neithex the pelvic scutes nex,
pmuﬁ the pre~pelvig scutes axe keeled.

Anal fin normally equal teo or shorter than dersal,
denally hutx, Pelvies slightly !.a front, delow ox

1e behind dersal. Pectemals set lov ea bdedy. Anal
behind dersal.
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,, Moush terminal, lovex jaw more or lees projecting.
remaxillis small, dmty.ounuttulwcm of small
wmical teeth vhich gye often ddeidusus, Small, conieal and
wmetines AMu@gs; teoth on dentarxy, aleng lower edge of
axilla, on glossehyal, svprabasal (vhere present),
esopterygeids and palatine, A well develeped pesterior
wpra-maxilla ovexlapping distal tip of maxills and produeed
atniczly into a pointed shaft; a seocend, plate-like swpra-
nxuh sometimes present, lying betveen the shaft and the
mnt cdcc of the maxilla.

‘ Hyomandibular with tvo separsts oranial heads artiow-
sting with beth sphenctic and pterotis) ceratehyal with er
mm& indented ventral edge. Branchiostegal rays from six

Ei twenty.

3 Pesudobranchiae well develsoped; gill membranes separate,
from mm; €311 rakexs fine and u:}.muz but rarely

ﬁm than about forty. Pyloxic osecas mumersus. Adipose
E;uuo often ensirely cevering eye, |

Sensery cansls of head well-developed, with supexrfisial
fications extending on %0 pre-gpersulum, sub-erbitals,
and senstines on to mexilla, part of articulsxr and

Scales oycloid, oevering emtire bedy except head, often
decidusus} slongate axillary soales in sngle of ‘
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nl and pelvie fins snd elengate seslss on uwpper and
ebes of candal, Tertebras 30 ~ 56. |
Dussumisxiidne Sxe small, om sxilliantly silvexy

o8 shiefly found in ¥he Inde-Pacific region detvesn
Swies 40°F. and 40%S., but with & few species aleng
Pasifie nad Atlentie csasts of uﬂlmxtu; They
Sound in ¢ostal regions and in estuarine and tidal

s and, although rarely sxpleited by any laxge Lisherxy,
are acceptable in some places as feed fishes vhen

in suffieient numbew,”

- *"The Dussunieriidae fall inte twe very distinet growys,
Dussunieriinae, laxger fishes with mexre branchiestegal
 (14-19); and the Spratelleidinse, cemprising mpecies
zarely exosed 110 s, and bave 6 « 7 branchicstegal rTays.'

Branchiestegal xays 14 - 19; aduit sise 100 « 350 mm.;
polvie soute V -shaped; ne postexior cxanial fronte-
nelles in adults; oexatohyal not exoavated ventrallys
doxeal Tays 16 = 21 ..o0.. Dassusiexiinas
Branchisstegal »ays 6 « 7§ sdult sise 50 « 110 ma,)
polvie soute eften with 'uooum process; a pair of
w%m oxanial freatanelles in adulss of most speoies|

' mwu umam ventrally; dersal zays 11 « 16 ...
. ' apunmume



*Dussunioriid fishef, with 14~19 branedidtegal zays,
2128t seven Ve nine aftached to the eevatohyal vhese ventmal <
1s net excavated, Fre-maxilla Sesthed, teeth net decidueus;
Lla with a narrew M mwu. thu h;tl is
t half that of the maxilla at its widest peint; a seeond

)z Supra~-umaxilla present iv some onses., Ventral seutes
% exespt for a modified Woﬂ soute suxrounding the
6f the pelvies fins and semstimes a seosud Sxisngulsz,

Jike soute immediately hehind the pelvies.

Neo posteriex fentenelles in uﬂm Shis nm'uu of the
porculun no$ vertical dut ineclined fexwvemis, ventrzal
£ spexunlun not horrisental dut wising posteriexly.

A small, wsually 1istle developed, fleshy eminenee on
ro-veatzal angle of the cleithrun. Inter~opexeulum
oxposed in lateral viev,

sal xays 16 «-m‘»{; el § - 19, ZTxansverse im
11 - 15, Vextebzae 52 ~ 36."

, mma dersal hn; mmmm
mt; anal rays 1" - %ﬂ W paxtion of sube
esss Dussumieria




N
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B Pelvie fins behind dersal base; a single suprae
: maxillag ms;ts;m,mm.:m—

operoulun triangulax |

L

- "
esse LREEVEOUS

Genus DUBSUNIIRIA Valencisnnes

*Dussuniexis Valemeiennes, 1847, Hist, Nat.Poiss., 201467
(2ypes Dussumieria acuta Val,) Nentalbiang Bertin, 1943,
Ball. Inss. Qosgnsm. Ngnase, No.835317.

(Zype Bizumsva (Mansalbiana) alkuling Fowler, 1934)

- Body slengate, more ox lens Mzuum Snout pointed,
Jows oqual. Tve supra-mexillse, each sbout half the length

) 4he maxills. Proximal Balf of maxilla thickened aleng its
seal odge, distal half flat, tip of maxilla zounded, almest
Rize ventral edge bearing small ceniocal teeth, Premaxillas
bed. A single V-shaped soute surrounding base of pelvie

. Doxsal rays 17 - 21, anal rays 14 - 19, 20 - 34 gill-

)28 on lower part of fizst gillareh. Branchiostegals 14~ 20,
brae 54 - 56, Anal well behind the dorsal, whose

s is 1ittle nearex the oandal base than the tip of the

. Pelvie exigin belov middle of doxsal fin, A slight

shy eainence on the angle of the postexier margin of the
ithrus (Cleithral flap), not so developed ss in Spratelleldss,
m:o developed than that of Jixumeus. €111 filaments of
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and o accomdate this eminsnes. Ventzsl
,wnmmmmt

‘ (%563) maamd only sne species mamely
m te this, e :mut author recsgnises

L 40 the species of the Gemus Dussunisxia

notmum of the rainbew sardines of the Genws

Valensiennes hai been a oenfusing problem 40 many

z and recent vexkers on systesaties. Hovever

T .:mg.wnoaumtuur

" m Fowlex (1941) made it elear when
lepseides Bleeker undexr the syncnysy of

pa habanend, Fowlexr (1941) states

bas desorided snd figured o fish vhich he
the Gonus Dyssusiexis, though its entirely
BEN suggests the Atherinidas, ZThis is
’ zmﬁ pectenal, the opposed postexiex
and snal, and advanced ventzsl, The

s wnique in that 1% is welld premediva

rex the venixal, and somposed of a spins
| zays. It may be fownd as follews:
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Dussunieria pxodustissims ~‘Chotenawd, 1933, Bull. Inst,
Oceanegr. Monaco, No.62714, 2£ig. (tm) t 4
(gi1) zaker): 5 ~ 6 (nn.hl) 1 1933, Bull,. See.
Zool., Franoe, 58:1289; Gruvel and Chadamawd, 1937,
Nem. Inst, Bgypte; 38 1 3, fis. 3
Gruvel and Chabansud say it is mere elongate than
Pugsunieris hasseliil Bleekez, has more numerous g£111 rakexrs
(28 to 34 in place of 19 %0 24), also more numercus anal
pays (17 to 19 1in place of 16)".

Hence Fowler (1941) does not aomsidex this as a valid
#psaies and in the final anslysis be considers only twe
th"i‘i namely B. aouts and D, Mlm wnder the Genus
Pupsunieris. Dut Vndtehead (1963) brought all these species
wader the synenymy of D, aguta after examining the holotypes
2!01 throughowt the range of distridbution and established
Mthaﬂummmem.ﬁ.m under the Genus
T and stated that any variation im the charactexs

clearly be correlated with geegraphical distridution.

All the earlier and recsnt workers on this growp

zon Indian waters had recognised twe species from this area
bay, 1865, 1878 & 1889; Munxro., 19553 Misre, 1962,

« 19673 Naix 1975 and those worked on the biclogy of

' two speoies from Indian waters). Jones and Kumaran

) had reported D. hasseliii Blesker from laccadive
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Yohipelage, In the landing centxes alse these can be
anily distinguished by 3&!: body shape whiek indientes
be side by side sccuxrence of Shese two species in the
ame geographical ares.

Agocarding to Bleekex (1872) the main characteristies
2 the twe species of Dussunieris are as follews:

+ Dussuplexia aguls Valenociemnes
length of the body vithout caudal 4 times the head)
this length 4 < 472 times the height of body; length
of-huﬂ S t¢ 372 Simes the diamater of the eye.
- About 40 to 42 soales on a lengitudinal rew; oppesite
ventrals at the middle of dersal.

Length of body without cswdal 3 2/5 times the head;
this length 5 times the height of body. Iength of
bead 4 times the diameter of eys, about 52 sculss on
a longitudinal row; oppesite ventrals at the
' posterial middle of dexsal, |

| From the above desoription it is clear that 2. pouta

las shorter head and a brgier body thas D. hasselVii whieh,
ding to Dlesekex (1872), has- mexe elongated and

irical body vith a greater hesd sise. From the
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difference in seale mumbex it may alse be assumed that D.asuia
hss o shorter body 1@;} than that of D. hasselsi].

The present ayshex auné the course of his stuly on
the biology of D. aguta of Mandapam ares, on the sowdheast
coast of India, observed that two species of Dussumiszia are
distinot in this area which differ from esch other in many
characters, merphometrically and meristically. One species
has a shortex and brosder body and identified as 2. _aguta
and the othexr one is with a longex and oylindrical body
identified an D. hpsepltil. These two species cocur in same
areas oiﬁu: in mized schools or separately and are even
caught in the same met during fishing, From the body shape,
thece two species are clearly and easily distinguishadle in
sommercial cateh.

The soales in Dussunisris are highly deciduous and
it 18 very Aiffiouls evem %o got & correct count of he
dateral line acalas, VWhitehead (1963) after examining
specimens of all the nominal specieshithertofore desorided
sams to the conslusior that the scale counts are unreliable
for separating species and recognised only one species B.aguts.
In the present investigations, scals oeunt was not takem inte
sonsideration snd the main emphasis was in variations in
morphometrie and meristic characters. |
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: Muumota.mwﬂ,ww.utm
mttxmhip of their body-gmmw and two important

2. amuta

l» he maxillary length moxe
- than the snout length. The
_ maxilla olearly xeaching
' the front maxgin of eye.

The origin of doxsal fin
Y2 1ts oys diameter behind
the middle of body.

Yentral fin oxigin more
" than 3/4 diametexr of eye
- behind & vertieal from

. doxsal oxgin.

Depth of head more than
Je the slout length.

$h of bedy siightly

than head length,

pth of oaudal peduncle

Ays more than maxillary
) W

. half the pre~dorsal
.,

‘ h‘ of stomach far lour

D hamesdtii

The length of maxillary

squal te oF less than
the snout length.

Oorigin of dorsal fin clesrly
an eye diameter behind
middle of body,

Ventral fin orgin Y2 eye
diameter behind a vertioal
from dorssal orxigin,

Depth of head leas than
doubls She snout
length.

Depth of body zmch leas
than hesd length.

Depth of caudal peduncle
less than rarely equal to,
saxillary length.

Length of stomach more
than half the pre-dorsal

length,
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 Length of stomach caccum
asarxly double the maxillaxy
| ' j.‘,’ dength, o ’
length of osudal Tin almest  length of ocaudal fin
~ squal its head length and always less than head
slvays more than thrice its  length, and nearly thrioce
eye dismeter. its eys diamester,

. length of stomaoh cascum

j. Pre-pectoral length moxe Pre-pectoxal length thrice
than thrioce that of snout that of snout length.
length and equal te¢ thrice

the maxillary length.

Pre-anal length slightly Pre-anal length neaxly
less than three times bedy 5 3/4 times bedy depth.
tepth.

‘Nunbex of pyloxic csecas Rumbexr of pyloxic casoae
se - “' 34"'730 .

Bunbex of vextedrae 53-54 Numbexr of vexrtedbxras 59-“;

The range, mean, stendard deviation amd standard exrer
6 moxphemetrzic Dody proportions of D. agulp and

as8ltil veze studied of which twe characters wexe

sed in perosntage of total length and the rest in

age of standard length. JFour measurements namely
length, maxillary lemgth, eys diameter and depth of
were further stuied in percentage of head length alse.
tien to these, six meristic characters vis. numbsx of



. fin rays, ausbex of pectoral £in rays, usber of anal
2ays, musber of gill sackern, musbex of pyleric cnecas
%mannmwmw of which the

| thxes charaetexs wers analysed in ¥he sbeve line. The
s are given in Table | and vepresented muun: in
31, Figs, 1-23. The perceniage ocourrence of sach

s within the overlapping ratie of body propexticns are
in Table 2. It could bs seen that thexe is Ro IVeR-
2g between species in the proporiions of foxk 1@&.

TaBlE

A OF WORPHONNTRIC AND MERISTIC CHARACTNRS IN D. AQURA AWD
2. HASREISIL

8. ' Wﬂim
' Mdﬁ Nean £ o viation Bxrer

- , ‘ -

> 4 s 6 T

, 25 84,35 - 86,05 84,99 0.463T7 0.0977
 DassitAl 25 96,06 - 83,82 B7.45 0.5917 0.1183

, 26 T7.97 - 80.99 T9.72 0.8415  0,1683
, hesselidi 25 81.48 - 63,80 82.64 0.7257 0.1447




25.30 0.6861 0.1372
25,59 0.8709 0.1742

8.357 0.3812 0.0762
9.89 8.94 0.5062 0.%012

- 9.80 9.00 0.3907 0.0781
8-09 - 9‘89 3089 605092 0.10“8

6.50 - 8,04  7.03 0.4503 0.0901

51,06 - 55.93 53.82 1.1688 0,2338
54,95 ~ 59.3% 57.17 1.003% 0.2008

26,09 - 28,32 27.25 0.5326 0.,1065
25053 - 29:“ 2?:03 0-9499 ottm

56.70 - 62,61 $9.55 1.4504 0.2901
57.69 - 62,60 60,82 1.0550 0.2110
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able 1 (Contimued)
2 3 4 5 6 7
40, Pre-anal length s |
»
D. hasseltil 25  T6.11 » 80.00 7B.07 1,0204 0.2041
Depth of Head: , |
D. hasseltil 25 13.5¢ - 16,07 15.05 0.5628 0. 1126
Depth of Body: -
D. aoute 25 23,71 - 30.33 26,17 1.6357 0.327%
) .B_: w 25 19,15 = 22;?5 20.92 0.8578 Oa’?“
Bapth' of candal peduncle;
E.o m 2% 9.73 - 11.54 10.44 0.3786 0.0757
D. hasselbil 25 T.76 = 9.57 8.41 0.4588 0.0918
length of esudal fins
D. hasseltil 25 18,75 - 22,73 21,01 1.0568 0.2114
§. Length of stomachs
D. hasseltid 18 24.67 - 34.04 29.92 2.0036 0.4723
; . Length of stomach caecumt
D. aguta 18 7.14 - 10.68 8,95 0.9124 0.215%
D. hasseltii 18 15.04 - 21.37 17.71 1.7983 0.4225

Continued

———



29,17 = 35§71 33.09 1.3690 0.2738
32,43 ~ 57.46 34.94 1.5790 0.3158

52,14 - 359.13 35,60 11,8719 0.5744
3‘025 - 330‘5 34979' 1.6563 ’6¢3533

27,59 - 32,00 29,57 1.0370 0.2074
25.00 - 29.17 27.43 1.1652 0©.2330

62,50 - 73,91 68,46 2.9164 0,5833
54.95 - 630“ 58977 2:9959 Ot“sg

39009 hand 37.60 34*0‘ 1;385@ 003776
32.00 - 37.00 34,32 11,3684 0.2737

30.00 ~ 44.00 35.%6 33,7157 3.745'
54‘90 had 73:30 60.36 4c9629 90992‘

5’105 - 54.99 53460 9:5000 gt‘
59.00 - 60.00 59.24 0.4359 0.0872
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TABLE 2
Eﬂ 13 ﬁﬂl MORPHOMBTRIC AND MERISTIC CHARACTE

1321 AMD THE PRROENTAGE OGCURRENCE OF
iTh. ' THE QVERLAPFING RANGE

Anfhe  page Hmen
| & 5 & 7
25 - 28 -
%5 - 2% -
24,00 - 26.67 25 96 25 92
6.00 - 3,85 25 76 25 %2
8.18 - 9,80 25 100 25 84
6.96 -~ 8,04 2% 96 85 60
54,95 - 55.93 25 16 25 12
26.09 - 28.32 25 100 25 84
57.69 - 62,60 25 88 25 100
76,41 - 80,00 25 92 2% 100
N1l %5 - 25 =
N4l 25 - 25 -

Continued
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4 5 6 T

) #31 28 - 25 -

Ril 25 - 25 -

¥il 18 - 18 -

Bil 18 - 18 -

32,43 - 35,7V 25 72 2% 7€

length 31.14 ~ 358,46 285 56 25 96
ter 27.59 - 29,17 25 40 25 40
¥i) 2% - 25 -

352,00 - 37.00 2% 96 25 i‘ﬁo

¥il 25 - 25 -
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TABLR 3

:,'1:. 3%, !, AND XY OF MORPHOMETRIC CHARACTERS OF
| oA AP 2. MASANEX

:ﬁo :
i X Y | bl © 1Y

3 __4 5 i ] s
25 3397 2887 464823 335709 395020
25 3731 3263 569493 435705 498116
25 3397 2709 464823 295817 370795
25 3731 3084 569493 1389290 470829
25 2709 685 295817 18905 74754
25 3084 788 389290 25298 99057
25 2709 226,50 295817 2076.25 24710.00
25 3084 274.00 389290 3045.13 34378.75
25 2709 243.50 295817 2388,75 26558.50
25 3084 272,50 389290 73012.75 34196.50

Cont inved v
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Continued

5 ‘6 T 8

. 25 2109 202.50 295817 1652,75 22095.00

25 3084 215.50 389290 1884.75 27035.50
285 2709 1459 295817 PB5945 159416
25 Jos4 1766 589290 128062 223250
a5 2709 737 295817 21863 80401
25 3084 831 389290 28111 104549
2709 1615 295817 105397 176526
3084 1878 389290 144738 237344
2769 2112 205817 180048 230744
3084 2410 389290 238212 304496
2709 688 293817 19050 74978
3084 646 389290 17078 81414




p 5 6 7 s

! e e —
2709 469 295817 8879 51230
3084 463 389290 8743 58296
2109 71 295817 20569  T71956
3084 647 389290 17253 81880
2709  282.50 295817 3214.2%5 30816,00
3084 258 389290 270%.50 32411.50
1930 395 208524 8739 42650
204 669 286268 25429 85086
1930 173 208524 1693 18707
2244 399 286268 9209 51093

Continued e ——a
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& 5 ¢ 7 8

683 226,30 18905 2076.25 6246.50
788 274,00 25298 30%5.63 8769.75
685 243.50 18905 2388.75 6711.%0
788 272.350 25298 3012.75 8722.00
685 202,50 18905 1652.75 %586.50
788 215,50 28298 1884.7% 6900.00
685 469 18905 8879 12945
788 463 25298 8743 14862




' $HE ANALYSIS OF COVARIENOE TES? OF NomrgPHOMNTRIC

GHARAGTERS OF D. ALURA AND D. RASSNIRLX

k.3

"B'Values  Besults of cevariemoe

By H.L, = Eead leagthy

D, Do piffe it Diff- A%
ASEES haseel¥l exence the erexmw the
,  devel 1: o2~ Jovel
Ah - Poxk length 0.8443 0.8791 8 8% 8 1
ngth « Standaxd
‘ 9035”‘90‘3” KB B . "
©.2324 0,2090 1§83 g8 sg
0.0735 0,065% N3 8 1%
0.076% 0,0657T N8 i
0.0670 0,0510 N8 8 =g
0.5810 0.6099 N8 8 1%
otoral langh 0.2378 0.2%02 N8 1]
0.6717 Ql‘m K8 8 5%
0.8317 0.8136 X3 N8
0.1878 0.1944 X8 8 1%
0.1803 0.1334 &8 1% 8 1%
0.3578 0.23%% &8 1% 8 1.
0.0900 0,.0661 3 5% 8 1%
0.1875 0.2%84 38 1% 8 1%
C.0994 0.2073 8 5% B 1%
0.2971 0.2896 NS 8 5%
0.2794 0.2334 X8 s 1%
042912 0.2885 3 5% E8
0.6941 0,5828 X8 8 1%

3, = lmiﬁmt;

o
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gih (botk in % of 2,1.), cawdal fin length,
G depth of Dody, depth of candal peduncle,
and stomach cascum length (all in % of 8.L.).
& in perdentage of head length also does not
ing. Regarding the pre-dorsal lemgth, it
Shat the perosntage of everlapping is consi-
} snly 16% of D. aouia snd 12% of D. hasgelditsi
b overlapping range.

. $heee meristic charactexs, mwmber of pylerieo
her of vextebrae shoved clear variatioa

salies :&tﬁuﬁ any degree of overlapping.

#3111 rackexs vere almost equal im both the

s the actual values of different merphometrie
® two species were pletted in scatter

% III, Pigs. 1=11 and Plate IV, Pigs.1-5
£i%ted using the least square methed.
and the standaxd length were plotted against
m the rest of the charvacters against the
. Smewt length, maxillary length, eye

Ak of head were mm pleted against the
ns of X, Y, X% Y2, and XY are presented
y She significance of variation in the
mis of co-varianee test was mhyd. fox






ox of the twe speoies, The 'x'mmm
W‘t test of the slep and elevation of
ne of tN6 twve species axe given in Sadle 4.
setioed frem this table that the differense in
. betvesn the species was significant
a total length -« -wm length, standaxd

pth of head, standaxd length ~ depth of dedy,
Jength - depth of caudal pedumele, standaxd
Stemach length, standard length -~ stomach onecum
hoad length - maxillary length. The elevation
jons shoved significant difference ia all the
exoept ta- standanxd length « maxillary length,
= pre=peatoral lengih, »tandaxd length -
dength and head length «~ maxillary length. The
) these analyses fuxther showed that the 4differences
ihahpc as well as the elevatien of zegressions of
elen were nonsignificant omly in mespect of
428 nanmely standaxd length - maxillaxry length,
« pre«peotoxal length and standaxd length «
e  Regarding all other characters either the
olmtm of regressions showed nmumt
A1l Shese show that these twe speeies are
Finet from sach other and camnet bde grouped undew
e Eomos me-estadlishment of D, haspslthi Blesker
tron D, ‘asxta Valenciennes is highly justifiable.




PLATE II

Range, mean, standard deviation & gtandard error of
morphometric and meristic characters of Dussumiey} 1

gouta and D. hasseltid.

Fig. 1 Pork length in percentage of total length.
Fig. 2 Standard length in percentage of total length.
Fig. 3 Head length in percentage of standard length.
Fig. 4 Snout length 'Y X

Fig., 5 HMaxillary length P ’

Fig. 6 BEye diameter ' ’

Fig. 7 Pre-dorsal length ' *e

Fig. 8 Pre-pectoral length *

Fig. 9 Pre-Pelvic length o ’e

Fig. 10 Pre-anal length 'y ’e

Fig. 11 Depth of head ’e sy

Fig., 12 Depth of body ’o - '

Fig. 13 Depth of caudal peduncle . 9

Fig. 14 Length of caudal fim ., ’r

Fig. 15 Iength of stomach ’e ’e

Fig. 16 Length of stomach caecum ’e

Fig. 17 Snout length in percentage of head length
Fig, 18 Maxillary length Y vy

Fig. 19 BEye diameter X ’e

Pig. 20 Depth of head X '

Fig. 21 HNumber of gill rakers
Fig. 22 KNumber of pyloric caecae

Fig. 23 Number of vertebrae.

s
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PLATE III1

Scatter diagram, fitted with regressions, of :
morphometric characters of Dussumieris acutg and |

Fig. 1 tork length againet total length
Fig. 2 Standard length '

Fig. 3 Head length against standard length
Fig. 4 Snout length -

Fig. 5 Haxillary length ’o

Fig. 6 Bye diameter -

Fig, 7 Pre-dorsal length ’s

Fig. 8 Pre-pectoral length .y

Fig. 9 Pre~pelvic length »y

Fig. 10 Pre-anal length -

Fig. 11 Caudal fin length -
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Fig.
Fig.
Fig.
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Fig.
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PIATE IV

Scatter diagrans, f£itted with regressions, of
various morphometric characters of D. acuta

and D. hasseltil.

Depth of head against stendard length

Depth of body .
Depth of caundal peduncle 09
Stomach length -
Stomach caecum length ’9
sSnout length against heed length
Maxillary length ’s
Eye diameter s
Depth of head "o
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' 4he six meristio eh;.racten studied the

fhusion of tmn;. such as dorsal fin rays,

says anal fin raye and gill rakers (total number)
soies vere analysed statistioally to test the
propoxtions, forthwith to determine whether there
ant variation between the two or not. The

rio omecae and vertebrae which do not show
?km:myzng were not sudbjected to this test,
mlem wag that given by Fisher (1950, p.87)
Follows 1 »

- (51 P)“"HS {

number of specimens of D. gcutp in various

. ;muﬂ:lm of the number in each count of
B. aguta in the total for that count fox

2. amuia (4,) end B, hesselttd (ap)s i.e.

veey/ gty

the total nusber of specimens of D. acute analysed.
the proportion of the number of specimens of

B> aguta examined, in the total number of
specimens of D. acuta (m,) and D. hasselti}

1-3
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Sher the chi-square values and their asscciated

f Preedon (D.F.) and the corresponding probability
tabulated. The naﬁ;ts of the analyeis of the
A$ioned four ehana{ora are presented in Table 5.

| In both the species 4 unbranched and 14 to

i rays are present, the toial range of all the

18 - 20. The frequency of ocourrence of the latter

Doreal fin counts _ Ko, fish

18 19 20 examined
| 1 16 8 25
Dasseltii 5 20 2 25

4 36 10 50

4 chi-square value was 5,04 to which the value
botveen 0.05 and 0.10 (Table 5), This shows that

3 are noneignificant and ocannot be considered as
eharacter for differentisting the two speocies,

In both the species one usbranched ray
11 « 12 gnd in D. hasseltii 1! - 13 branched
at. The range of total rays belomg 12 ~ 13 for

12 - 14 for 1. haseeltii. The frequency is given
shi-square value was calculated a8 1,22 to which
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ive is detween 0.2 and 0.3, and henoe no significant
{Zable 5).

el

—
Humber et\yacto:al fin rays No.of fish

exanined
12 13 14
19 - 25
3 20 2 25
92 39 2 50

rg: In both the species 3 unbranched rays and 12 - 14
are present, the total range being 15 -~ 17 numbers,

mey of ocourrence is given below.

Humber of anal fin rays Fo., of fish
15 16 17 exanined
13 9 3 25
12 1" 2 25
25 20 5 50

shi~square value was found to be 0.44 to which the
» 0,9. The variestions were found to be non-signi-
5).

B8~ <he number of gill rakers of the upper end
s of the left outermost gill arch was counted,
frequency for both the species is given below.
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Number of gill rakers No.of fLish
51 32 3% _34 35 36 37 °oxamined
- 1 10 2 1 25

- 2 8 4 1 25

TABLE 5

VALUES FOR 4 HERISTIC CHAKACTERS OF D. ACUTA
RIE1L AND THE LEVELS OF THEIR PROBABILITY

Degree ‘
Chi-square
" value ot Value of 'P!

freedon

R rays 5.04 2 Between 0,05 and 0.10 (N8)
£in reys 1,22 1 Between 0,2 and 0., 3 (K8)
mys 0«44 2  Between 0.8 and 0, 9 (N3)
(total)t.62 5 Between 0.8 and 0. 9 (§S)
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Phe chi-square value wvas found to be 1.62, to whioh
48 0.8 - 0.9 and hence the variations vere
sant (Tadle 5). |

1is reveals that the above mentioned four meristic
s do not show any significant variation between

aguis Valenciennes 1847. (Pl. V, Fig. 1)

souta Valenciennes, 1847, Hist. Hat. Rolss.,

: 467, pl 606 (type locality: Bombay, Coromandel)s

anter, 1849, jousn. Asistic Sog. Bengal, 18: 1268

rdon, 1851, Madras dowxn. Lit. Sgd.. 1T 145

ekex, 1853, Yerk. BalaY. Gengotsh, 25: 73(reference);

»r, 1865, Rejge Novaza, Fische : 330; Day, 1865,

s of Kalabax: 2263 Gunther, 1868, Cat. Figh.

(i, Mag., 7+ 466; Bleeker, 1366 - 72, Atlas Ishih.

Heexzland., 6:94, pl. (13) 271, fig.1; 1868,

3« Moded. Akad. ¥el. Austerdsm, ser. 2, 21275

isderiand. Ziidschr. Disxk., 4! 118; Day, 1878,

st sf Indda. pt.4s 647, pl. 166, fig. 4 Bleeker,
Yaxh. Akad. Met. Amaterdam, 18: 31 Maoleay,

Bxes. Jdba. Sog. Eey Seuth ¥ales, 2: 2783

shnex, 1907, Denksohy. Akad. ¥ise. ¥ein.

ate Ki.s I, 09.11 157; Bean and Weed, 1912,
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£roc. U,8. Nat. Mus., 421 5903 Weber, 1913, Biboga
Exped., Fische, 57: 3; vweber and Beaufort, 1913,
Fishes Jpdo-sustralisn Archipelago, 2: 21, fig. 133
Fowler and Bean, 1929, Prog, U.S, Eat. Mus., £2: 2;
Hora, 1924, Mem. Asiatic Soc. Bengal, £: 481;
Chabanaud, 1926, Service Ocesbogr. Peches Indo-Ching,
1 Hote:7; Vinciguerra, 1926, Apn, Mus. Civ. Stor. Na$.
Nat. Genova, ser. 3, 10: 6223 Fowler, 1928, Mem.
Bishop Mus., 101 30 (cepied); Pillay, 1929, Jourm.
Boubpy Hat. Hisk. S09., 33 (2): 355; {irans, 1929,
Sexvige Oceanggx. Peghes Indg Chine, 6 Note: 1224
Fowlem, 1929, Pxoc. Agad. Hat. Sgi. ghiladelphias
598; Deraniyagala, 1933, Ceylon Journ. Sgi., 51 823
Fowler, 1934, Prog. Acad. Hat. Sgi. Rhiladelphiam, 96+
69: Foxas, 1934, pbilippine Journ. Sei., 55: 251, pl.t
£ig.5 (scale)s Fowlexr, 1935, Prog, Agsd. lipt. Soi.
?hiladelphie. 893 130 1941, Bwll. V.S, lat. Hus. 13
(100x 5703 Bertin, 1943, Bull. Ingt. Ocesnogr. Monago,
Ho.83: 3, fig., 1 (scale) and 2j Liang, 1948, suart. d4.

Sajwen Hus., 1:2; Monroe, 1955, Marine and fresh uater
fish, Ceylons 28; Fowler and Steinits, 1956, Bull. Res.

Sowno. Isreal, 5 B (3-4):261,

aRAS elopsojdes Bleeker, 1849, Varh. Batay. Genootsgh.,
© 22112; 1868, Verel. lMeded. Aked. We%. Amstexdam, ser.
. 2y 21 294; Gunther, 1868, CJat. Fish. Brit.Mus. 71466,
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$4=165 A, 131 12-143 P. 11-13; v, 1 T3 G.RJO-S?;
53 « 54; Pyloric cmecae 30 - 44,

proentage of total length: fork length 84.33 - 86.03,
M lemgth 77.97- 80.99.

ntage of standard length: head 23,71 - 26,67,

- 3.89. maxillary 8.18 - 9,80, eye 6.96 - 8,16,

}9%.05 = 55.93, pre-pectoral 26.09 - 28,32, pre-pelvic
61, preanal 75.53 - 81.31, depth of head 16,76 -

of body 25.71 = 30,33, depth of caudal peduncle
candal fin 23,53 - 28,26, length of stomach

(empty and shrumken) and length of stomach ceacum
sspty and shrunken).

sntege of head length: smowt 29,17 - 35,71,
14 - 39.13, eye diameter 27,59 « 32,00 and.depth

2y length more tham the smowt length, the
" ®eaching the front margin of eye. Origin of
I oye diameter behind the middle of body. Ventral
we than 3/4 diameter of eye behind & vertical
£in. Depth of head more than double the snout
&oﬁ 8lightly more than head length. Depth of
F alwvays mors than meaxillary length, Length
dess than half the pre-dorsal length and the



- 60 -

%0 maxillary length. Length of caudal fin almost

head length and always more than thrice its eoye
Tre-poctoral J.engt% more than thrioce ite smout and
rice the ms.lhzyk length, Pre-anal alightly less
imes 1ts body depth. Maximum size 167 mm,

ish grey dorsally and silvery white below, A narrow
of silvery gray with a golden tinge extends

to caudal base. Ventral and anal fine white,
pale with dusky mergin on caudal edge. First rays

‘ pectoral dusky. ©Snout pigmented. Eye white,

¢+ East coats of Medileranean, ked Sea, Gulf of
of Africa, Madagasker, Gulf of Iran, India
 coasts ), Ueylon, Malay, Peninsula, Singapore,
Indies, .Phil,&;:pmes, Yhina up to Foochow.

al waters. (Pl. VI).

 hageeltis Bleeker 1850 (P1.V, Fig.2).

, hbasselsit Bleekex, 1850, Tijds. Nedexlapd,

1 422 (type locality: Batavia, Cheribon, Samarang,
)3 1852, Vexh. Batav. Uenootsgh., 243 133 1866-72,
kth. Ind. Neezlend.., 6195, pl.(13) 271, £1g.2;
Fishes of India, pt. 41647, pl.166, £1g.5;

A Britiph Indig, ¥ishes, 1: 599; Jorden and

» 1907, Bull. Bur. Fisher. 27: 236, 1908;
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Bean and Weed, 1912, Proc. U,3. Nas. Kus., 42: 5903

¥eber and Beaufort, 19513, Fishep Ipdo-Australiapn
Arohigelago, 2123 Ogilby, 1915, Mem. Sueensland jius., 3:
1343 1916, Mom. Queensland Mus., 5: 98; Fowler, 1918,
Sopelp, H. 58:62; 1924, Journ, Lombay Bat. Hist. Sog.
30(1): 39; Deleman, 1925, Ireubis, 6t 297 (young);
MeCulloch and Whitley, 1925, Mem. “ueensland Mus,,

8. pt. 2: 131; Fowler, 1927, 2reg. Acad, Nat. Sel.
Philadelphis, 79s 2563 Fowler and Bean, 1927,_Prog. ...
Npt. Mug., 71: 13 MeCullooh, 1929, Auvstralian Hus. Mem.,5:
373 ¥irant, 1929, Servige QOceanogr. Peches Indo-Chine,

6 Note: 122; Hardenberg, 1931, ipeubia, 13, live. 131003
Powler, 1931, Hong Xong MNat. 2: 1133 Chevy, 1932, Inst.
Qoeanoar. Indochine, 19 Note: 8; Herre, 1934, 2.1-.9.&2!

Herze Philippine jxped. 1931: 14; koxas, 1934, Yhilippine
Journ. Sei., 551 252, pl.1, fig. 2 (sozle); lLoxas and

Hartin, 1937, Dept. Asr. Comm. Hanila Tech, Eull., 6122

(reference); Herre and Myers, 1937, Eafiles Mug. Bull.,

Ho.13: 12; Fowler, 1938, List. Fish. Maluyas 24 (reference);

1941, Bull. V.S, pat. Mue., 13 (100): 572; Bertin, 1943,

- Eudd. Inst. QOceanogr. Monaoo,, Wo. 853:6, fig, 23 Schults
and wellander, 1953, Bull. U,S, pat. ¥us., §o,202:25;

- Mooro., 1955, idarine wpd Freshwater fish, Ceyion: 28;

 Rournanoir, 1961, jem. Inst. Sci. Medagasker. (F) 4184,

- Rig. 1,
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Dussumieris hesselti Vebex, 1913, Siboxe Exped., 21, Fische:
33 Hora and iukerji, 1935,‘§£§g ipdign Mus., 38318.

Dussumiexis elopsoides (not Bleeker) Gunthexr, 1868, Cgt. FPigh.
Brit, Mus., 71466} Meyer, 1885, Apal. Soo, BEspan. Hist.
Nat. Madrid, 141 42; Rlera, 1895, Oat. Fauns Filip., 1t
584; Jorden snd Evermann, 1902, Proo. U,S, Net. Mus. 251

328; Duncker, 1904, NMitt. Natur-hist. Mus. Hamburg, 21
1863 Fowler, 1904, Jowrp. Acad, Ngv. Sci. Philadelpbis,

ser. 2, 12: 5013 Jordan nnd Ssmle, 1906, Eull. Bugp.
Fisher., 26: 5(1907); Joxrdan and Richardson, 1907, Bull.
Bur. Zisher., 27: 236 (1908)3 1909, lMem. vmimeigie Mus.,
43166 (copied Jordan and ivermann, 1902); Fowlex, 1911,
Proc. Acad. nat. Sci. Philadelphie, : 205.

Blops javanicus (Kuhl and Van Hasselt ) Bleecker, 1866-72, Atlas.
| - ichth. jmd. Meerlapd., 6:95.
. Dupsunieria souta (part) Day, 1878, fishes of India, p3.41647.
%rﬁi;gnosis: q
D iv 14 - 163 4, iil 12-143 P, 1 11=133 V, 1 73 G.R.32-37T;
Vertebrae 59-60; Pyloric ceecae 54-73,

In percentage of total lsngths fork length 86,06 - 88,823
tandiard length 81,48 - 83,80,

In percentage of standaxd length 3 head 24,00 - 27.68; snout
.00 = 9,89} maxills 8.00 - 9.89; eye 6.30 - 8,043 pre-dorsal
95 « 59,333 pre-pectoral 25,33 - 29.46; pre-pelvic 57.69-62,60;
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Pre-anal 76.11 - 80.005 depth of head 13.51 ~ 16.07; depth
2"f body 19.15 -« 22,733 depth of caudal peduncle 7.76 = 9.573
1*euaﬁal fin length 18,75 ~ 22.73; stosach dength 24,67 -~ 34,04
_ (empty and shrunken) and stomach cemoum length 15.04 - 21,37
i'(‘ﬁpty and shrunken).

éﬁx‘ percentage of head length: snout 32,43 - 38.46; mexilla

if"-zS = 38.46; eye diameter 25.00 -~ 29.17 and death of head
54,05 - 62,16,

‘he maxillary length suusl to or lecs than snout length,
rigin of dorsal fin clearly en eye diameter behind middle of
b¥ody, veniral Fin oxigin V2 eye diameler behind a vertical from
doreal origin, depth of head less than double the smout length,
epth of body much less thaon heed lenzoth, cepth of caudal
eduncle lese than, rarely equel to, mazxiliaxy slength, length

al fin elweys less than head length and rearly thrice its
) diaueter, pre-pewtoral length thrice that of snout length

Pre-anal length nearly 3 3/4 times body depth., saximum
205 mn.

olour: Upper half dark greenich blue with a narrow lateral
i of silvery gray with a golden tinge extending from upper
#rculam to cpudsl base, Silvery white on sides and belly,
kal edge of caudal black, Dorsal and pectoral fins pale
the first ray dﬁsky. VYentral and anal fins white. Upper



PIATE V

Photographs of two species of Dussumieris

Fi‘“
Fig. 2 Dussunmieris hasselt
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surface of eye and head ememald green., Snout strongly
i igmented, Eye white.

Jistribution: East and weet coast of Indis, Ceylon, Burma,
;; ¥y peninsula, Singapore, Bast Indies, rhilippines, Formasa
Zaivan), China, Gueenefland and North East comst of
dustralia, Inhabits coastal waters. (pl. VI).

*hitehead (1963) in his notes on synonymy of
e 8pp. atudied mainly four characters, they are
a) body depth, (b) snout length, (c) gill rakers and
d) dorsal rays.

From the scalier disgram on the body depths of
ecimens measured by Whitehead (1963) it could be scen that
pexrcentage oif body depth in standaxrd length had a wide

from 18 to 30 percent. ihe present okservation showed
- $hat height of body is & differentlating chavacter of the
Ao spocies and the range is 23.71 to 30.33% in D. goutp and
§ 9,15 to 22,73% in . haggelfid (P1. II, Fig, 12). Hased
1# this if a demarceting line: is drewn at 23% in Whitehead's
gram, 3 clear differentiation could be observed below and
bove this line, The specimens plotted above this line form
_homogefus group with a limited range of variation which
agree with D. gouta according to the authors observation
Dussupierip from the Gulf of Mannar and the 2alk Bay.
larly the honogné@s group below the line also show a



limited range which is in full agreement with that of

2. hasseltil.

Regarding the snout length Whitehead (1963) came to
the conclusion that this cannot Berve a8 2o basis for distine
&€ushing the species. Even then s close study of the histo
grams of snout length in standard length, given by him,
reveals that those specimens whioh had differential homo-
genity in body height show sonme differences with respect to
snout length also. 1Imn the pressnt work it wae observed thet
the suout length of L. acuta i 7.56 to 8,85« and of
£+ hapeeltli is 8,00 to 9.89% in standard length with an
overiupping range between 8,00 und 8.85%. 76 of H. aeoutg
and 52% of L. hgeceltil came within this overlapping range
(Teble 2, and pl.II, Fig.4). This shows that there is slight
difference in snout length of the two species but not to the
extent to depend on as a specific character. regarding the
€ill raker counts, eventhough ¥hitehead (1263) observed
8light difference on few specimene such a C¢iffexence could
2ot be noted in the prezent stuly. The dorsal fin counts
also did not show any variastion a& has been observed by
Whitehezd, The present authox has studied severnl other
charscters wvhich show specific distinction between the two
8pecles and finally justify the zenes%abliahmsnt of D.hasselti].
Thue two e&peciee namely D. ggutg and L, hasseltil undier the
genne Dussumieris are recognised in the present work.



CHAPTER 4

FOOD AND FEEDING HABITS

4 great deal of work has been done on the food and
habits of fishes from Indian waters, some in

?”;ﬁ ¢ Others in detail, <The earlier workers from India
i8his 1014 include Hormell and Nayadu (1923) on

B la lengicepe, Devanesen (1932) on Sardinella

M Job (1940) on perches of Malabar coast,

s and Venkataraman (1946) on the food fishes

he west coast of Hadras Presidency and Devenesan and

am (1948) on the common foad fishes of Madras

: idenoy, while Chacko (1949) gave an uptodate resume

oxk on the subject, in his study on the food and feed-

; iqhztn of fishes of the Gulf of Mannar., Iater on

d studies were carried out in this field on a

¥y of commercially important fishes by Bapat and Bal
1952), Bhimachar and George (1952), Prabhu (1955),
1951, 1952), Bapat gt gl (1951), Vijayaraghavan (1950,
1951b, 1953a, 1953b), Halhotra (1953),Sarojini (1954),



- 67 =

Kuthalingam (1955, 1956), Karekar and Bal (1958), Tempi (1958),
Venkataraman (1960), James (1967), and Kagwade (1964 )

George et gl (1971). They disoussed the composition of food,
its seasonal variations, feeding in relation to avallability
of food organisms in the environnent, feeding habite in
relation to sexual oycle, condition of feed, Selectivity in
fecding and related aspects and drew general coniclusions
bearing vpon the bilology of the species eoncerned, For
example, based on the type of food consumed the fishes are
broadly classified as plankton feeders, carnivores, ommivores,
etc. Among the plankton feeders a few show preference for
phytoplankton and yet others prefer zooplankton., Again

among the carnivores some are piscivorous, while others are
cosmopolitan in their taste, A preference for a favourite
food item and consequent limitation of the fishes to strata
that form the habitat of these food items again lead to

such classifications as surface feeders, column feeders

and bottom feedexs.

Hdany have commented on the correlation between the
avallability of a favourite food item of & particular fish
8pecies and the occcurrence of the fishery for that species.
Nair and Subramaniasn (1955) studied the relationship between
the oil sardine, (§§£§ggg;;g,;g§gggg2§) fishery of the west

eoast of India and §;§g;;gg;§‘gg§gg;gg, a diatom, 4iccording
%0 these authors the peak of the oil sardine fishery ia
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reached during or immediately after the peak of Fragilarig
2ceanica bloan in these waters, and ocame to the conclusion
that "one of the major factors governing the fluctuation of
the 0il sardine is the availability of Fragilaria oceanica
which is its favourite food", Similarly a relationship has
been noticed by Seshappa and Phimachar (1955) between the

Halabar sole, nggg;gggnglgggggggigggg and 1.8 preferred
food item, g£rionospio pinngta, a polychaete, and while
referring to the movements of this fish into the inshore

waters they concluded "that food factor nlaye an important
role in the large-scale spperrance of the fish"” and "4t scems
particulsrly to favour polychaetes usually dominated along this
coast by Prioncspio Rinnata during the post mensoon months®,
Venketaraman (1960) related the abundance of silver-belly

and white bait fishery of the Malabar comst during monsoon
months to the abundance of their preferred food, the copepods,
vhose peak occurrence in the plankton in {this period led him
%o infsr that they contributed to a considerable extent to
the rich fishery of these two fishes. From all/it can be
inferied that the gtudy of food of & fish rourd the year is

- essential for an understanding of the biology and fishery of

the species.

btudies on the food and feeding habits of the Kainbow
8ardines belonging to the genus lucsumieris have been undere
taken by several authors, The species involved in the earlier
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work were Dussumieria haeseltii and D, goutg. Tham Ah Kow
(1950) studied the food and feeding habits of L. hasseltgi
in the course of hig investigatione on the food and feeding
relationships of the fishes of Singapore Straits, Among the
Indian workers Devenesan and Chidambaram (1948) made a
reference to the food of the rainbow sardines in general in
an account of the common food fishes of the Madras Presidenay.
Others who worked on this aspect of bilology are Devanesan
and Chacko (1944), Chacko (1949), Venkataraman (1960),
Hahséevan and Chacko ( 1962), Basheeruddin =na Hayar (1961)
and Srinivasa Rao (1964) in vussumieria hasseltii; and

and Seltharan (1949), Vijayaraghavan (1951 b) and Xuthalingam
(1961) in ms__sggg_g& acuta. Hair (1973) in his monograph on
Indien Sardines has reviewed the food and feeding habits of
2. acuta and D, hagseltil. These are largely qualitative
analyses of the food consiituents of the fish and a detailed
iaecount on the food of Lusgunierjg, both gqualitative and
Quantitative, is yet to be had. In the present work feeding
;}hbita of Rainbow sardines are studied in deteil with special
gmi'exenee to that of Dussumieria acuta, the most common
‘8pecles in the Palk Bay and the Gulf of jMannar, in the
Luemny of Handapam, on the southeast coast of India,



in general, the food items of Dussumierips acuts were
grouped into four main categories such as (1) Planktoniec
crustaceane both adult and larval forms (2) Iarval molluscs
(3) Larval and juvenile fishes and (4) Plant material.

Among the plaenktonic crustaceans ithe scrgestid,
lucifer was found to be the fovourite food item of L. zouta.
The young ones of the penaeid prawne ware identified as

belonging to 2Zepgeus spp. and 8p. dyside of the

order .ijysidaceae were represented by Hysis. 1Isopode were
identified to the genus Cymodage. Amphipods and ouphausids

vere wet vith as food item only occasionally. <Copepods

were represented by Oithona sp., Unlanus son., and
racalanue sp. Acetes was found ocoaslionally in the diet.
rva ‘

Borcellang/ formed one of the food items gquite frequently,

Planktonic larvae of crustaceans were quite common
in the stomach of rainbow sardine and souetimes they occurred
in large number in most of the stomachs. Among them the
most izportant forms werec the alima larva of Sauille
(stomatopod ), the megalopa larva of crabs (family Portunidae),
the zeea larvae of prawns, crabs including that of the pea
crab, rorcellang (family Porcellenidae) and the phyllosoma
lervae of lobsters, iysis stage of prawns (£engeus spp.,
and Hetopenaeus spp.) and larva of hermit crabs (Paguridae)
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Alse present in a few stomachs,

fhe crustacean remains included the broken appendages
: ts of the body parts of crustaceans which could
;tilntitiod. They were present in large number of

The juveniles and larval forme of the teleostean

b Wexe mot with in the stomach contents of D. acutg

t h menths, in large numbers. In most of the cases,
5 digestion or absence of head the identification of
fishee were not poesible. But, most of them which
Mentified were of the genws Stolephorus. In the

b ttuﬁy the fish larvae and juvenile fishes, both

184 and unidentified were treated under ome common
tshes',

Bivalve larvae were observed in two months &uring

4 from April 1969 to darch 1971 in the stomach
fishes. Gastropod, Spirgtells sp., and cephaloped,
eaoh of which accurred only once in the stomachs of
it firhes, were alco observed.

Plant materials', which include unidentified plece
£Xa88es and sea weeds, were prevent in the stomach
4 in oertain months, They were considercd as
 foed in view of the faot that they occurred
and were found in various degrees of digestionm.
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from the above observations it may be surmised that
Z. pouta is a zooplankton feeder especially feeding on
planktonic crusiaceans, both larval forme and adults and on
occassions, if avallable, fesding on bivalve laxvee, juvenile

fiahes, espeoially Stolephorus ep. and on rare occasions
on pleces of plant materials,

4,2

the stomach contents of U. gouts were analysed
separately for saech month, and graded by the method of 'Index
of preponderence' and the dats presonted in iables 6 - 46,
From the Gulf of Hanmar the samples were availambie in all the
months for the above period, while from the ralk Bay samples
could not be collected in .ay snd Vecember 1969, February,

Hay, <eptemlexand Uctober 1970 and vanuaxry 1471,

wuantitative ‘analysie of the stomach contents of . acuta from
the Gulf of Hannar during the period April 1969 to Meroh 19703

iuring this perdod 967 stomache of fishes from the Gulf
of Hannar were mnalysed and are presented in Table 6 to 17.
In ths sawples from this arca the number of stomachs in either
'little' or ‘empty' conditions were more em majority of them

wvere from the night catches only.

Lrustgceanst 48 n single food item duelfer guoined the
maximum index of 31,5231 and wae the predominant item in



flay and it wa® at its lowest in July when it got only
0.0008 indices, ducifer vas not found in the stomachs in
August, September, January and February. It formed an
important food item im all other months.

4mong crusteceans alims larvae of Sguills formed the
second important food item, next to dugifer. It had a
marimum of 13,48 percent occurrence in April, attaining an
irdex of 6,7989 ard waes the dominant food item in this
month, It was absent in July, August, Hdovember, January and
Februsry., The minimum occurrence of Ce95 pexcent wae noticed
4n the month of June when it gob an index of 0.0368.

4oea larva vas noticed in the stomach of D. geuta
in very small Auantivlies from April to June with o max Lmum
of 8,06 percent of Gcoourrernce in June. It attained |
ainimun Index of 60,0113 in Moy, while 1t wos gbsent from
July 1969 to Mareh 1970. | '

Hogalopa larve of crad was found to oceur ocily from
Hay to July with a maximug of 4.27 percent in Hay. #Hysis
Etage of prawns was prceent in the Btomach in the monthe
of llny, June, September and becember in Binor guantities,
Pagurid larva ocourred only in June and that too in small
quantities.



TABLE 6

RELATIVE IMPORTANCE OF FOOD ITEMS IN THE STOMACH CONRENTS
OF DUSSUMIEKIA AQUTA FROM THE GULF OF MANNAR

Location: Gulf of Mamnay  April 1969 Total Lo.of Fish: 71

Ye.cent- Porcepnte Yo

g:: Stomach contenis voﬁﬁﬁ. occﬁg;cncc ‘voéﬁﬂiuﬁxioa Rank
v) (0)

1. lucifer 6476 13.48 91,1248  2.6977 3
2. Alinma 17.10 13.48 230.5080 6.7989 2
3. ‘Zoea 0.12 t.12 0.1344 0.0040 9
4. ‘Fishes' 3.95 4.50 13.8250 0.4078 5
B, Fish scnles 0,07 2,25 0.1575 0.0046 8
6. Crustacean remains 1,02 4,50 4,5900 0.1354 6
7. Digested matier 66.98  44.94 3010.0812 88,7819 1
-8, 'Plant materials' 1,05 337 3.5385 0.1043 7
4

9. Sand grains 2.95 12,36 36,4620 1.0754

Total 100.00 100.00  3390,4214 100.0000
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TABLE 7

RELATIVE IMPORTANCE OF POOD ITEMS IN 1HE STOMACH COBTENTS
OF DUSSUMIERIA ACUTA FHOM THE GULF GF HANNAR

-

Iocation: Gulf of Hannar Hay 1969 Total Ho. of Fishs 148

Fercent-

§§: Stomach contents Pe:;sntn ogizrx- Vo “?Z%%‘“x1oo Rank

volume ence

(V) (0)

1. iugifer 24.42 21,65 528,6930 31,5231 2
2. Alima 5.72 7.12 40.7264 2.4283 5
3. Zoea 0.22 0.86 0.1892 0,013 10
4. Loepalopa 1.78 4.27 7.6006 00,4532 7
5. Uopepod 0.07 1.99 S.1393  0.0083 11
6. iysis larvae 0.02 0.29 C.0058 0.0003 13
7. Young praws Q.56 3+99 2.2344 0.1332 9
8. Crustacean remains 19,94 20.23 403.3362 24.0518
9. bivalve 0. 04 0.29 GL0116 G,0007 12
10. 'fishes? 15.02 8.26 124.0652 7.3973 4
11, Fish scales 1,02 3.70 3.737TC 0O.2228 8
12. Sand graive 4.45 T.41 32,9745  1,9661 6
13. Dirested wmtierx 26.75 19.94 533.3950 31.8035 1

iztal 100,07 100.00 1677.1582 99,9999




-5 -

TABLE 8

BE.ATIVE IMPORVANCE OF FOOD ITEMS IN THE STOMACH COITENTS
OF DUSSUHIEKIA ACUTA FROM THE GULF OF HMANUAR

Iocation: Gulf of Harnar June 1969 Total No.of Fish:144
Percent- Percent- .
gi’ Stomach contents age sge Vo -Z%%xioo Rank

volume OCoULT™

(v) ©5°

1. Lucifer 22,37  18.48 413.3976 14,0507 2
2, Alima 1.14 0,95  1.0830 0.0368 6
3. Zooa 0.42 8.06  3.3352 0.1151 4
4. coniopa 0.18 0.47  C.0846 0.0029 11
5. dyeis larvae 0.03 0.47 0.0141 0.0005 13
6. Isopcd 0.04 0.47 0.2188  0.0006 12

- 7. Copepod 0.12 3.32 0.3984 (0,0135
- 8. bupagurid larvee 0.13 2.37 0.3081  0.0105 9
9. zorcelisng livac .04 0.47  0.0188 0.0006 12
110, Youny prawns 0s28 2,37  0.6636 0.0226 7
Ej!. vrustacean rewaing 13,67 22.28 304.5676 10.3518 3
12, Fish cggn 0.09 0495  0.0855 0.0029 19
A3, 'Fiches! .27 0.95  1.2065 0.0410 5
'Piert materials' 0,04 0.47  0.0188  0.0006 12
Digested matter 59.96 36.97 2216.7212 75.3428 1
16. Fich scales 0.22 0.95  0.2090 0.0071 10

- T

Total 100.00  100.00 2942. 1808 100.0000




TABIE 9

RELATIVE IMPORTANCE OF FOOD ITEHS IN THE STOMACH COHTHNTS
OF DUSLUAIERIA ACUTA FROM THE GULF OF HANNAR

Locatvicn: Gulf of Haennary duly 1969 Total Lo.of Fish:126

?eraent_ Porcent-

g%: stomach contents vi?gma oiggzrw Vo 15%% 100 Eank
(V) 03’
1. Iucifer 0,06 1.1 0.0666 9,0008 6
2. Hegalopa 0.06 1.11 D.0666 0.0008 6
3. vopenode 0.62 1.11 0.,6882  (.,0079 4
4., 'Plant wmaterials'  0.31 1.11 03441  0.0C40 5
5. Fish scalem 0.80 2.22 1.7760 0.0204 3
6. card graive 1.61 3.34 5.3774 G.0618 2
T. Zigeated mmtter 96454 90.00 8688.6000 9Y9.9043 1
Total 100.00 100.00 8696.9139 100.0000
TABLE 10

Ff’iaés..ﬁﬁ Lk’ﬁ%-&wﬁ UF FOOD ITMM; It THE ;..(3 WUl SuidinTs
i f U?)tdmi-m i giiﬂ:}fé; ﬂ¥% By, ‘S.e.vr‘:: {»g' LF J» ALL“ a- .i,a;&

Ioceation: Gulf of iHonnar. Sugust 1969, f%&lv #0.0% lish: 65,
. Fergente Yerceintm
ii‘ Stomach contonte age ase Yo -§gz100 Hank
‘ volume QCCUL Y-
e
(V) (0)
1. 'Plant materigls' 1.54 1.89 2.9106 ¢.03%01 2

2. Vigeoted mattor 98,46 98.11 9659.9106 99.9699 1




TaBLE 1

RELATIVE IMPORTANCE OF FOOD ITEMS IN T8 STOMACH COLTHNTS

OF_DUSSUMIERIA ACUTA FROGM THE GULF OF MANNAR

Ilocations Gulf of Mannar. Secptember 1969, Total No,of Fish: 59

; Percent-
g;: stomach contente ig%;:it” a§§§§x~ ¥0 ?{%% x100 ERank
(V) (¢)
1. Alima 1,69  2.90 4.9010  0.,0835 4
2. 'Fishog! 17.83 14.49 259,0812 4.4117 2
3. iysis larvae 0.04 1.45 0.0580 0.0040 6
4. Fish sonles 0.15 1.45 0,217% 0.0037 5
B. 'Flart saterials' 0.04 1.45 0.0520 0.0010 6
6. Crustacvan remains 1,35 7.25 9.7375 0. 1667 3
T. Vigentod matter 78,84 71,01 5508.4284 95,3324 1

Total 99.99 100,00 5872.5316 100.0000
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TABLE 12

RELAYIVE IMPORUANCE UF FOUD IYEMS IN THE 5704ACH COHTSHTS
OF LUSSUAINRIA ACUTA FROM THE GULF OF HAGNAR

Lecation: Uulf of Mannar. October 1969. Totol Bo.of Fish: 65.

- Fercent-
fo: Stomach contents P:E%E::' °§§§rx' VO —w2x100 kank
nCe
(v) ()
1. iucifer 21.38  15.05  407.2590 14,6128 2
2, Alima Ce89 1.19 1.0591 G.0380 9
3. Acstes 2.40 3.57 8.5680  0.3974 6
4, Young prawns 0.04 1.19 0.0476 0.0017 11
5. dycids _ . 0.26 2.38 0.6188  0,0222 10
6. Forgelleng larva 0.78 3657 2.7846 0.0999 7
7. EZuphausild Lsxva 0.85 3457 30345 0.1089 8
8, Fizh sonles 2.24 4.76 10.6624 0.3325 4
9., Crustoecean remaino 8.18 16,67 13643506 4,39235 3
10. sigeated matter 61,78 25,72 2206,.7316 79.1756 1
11. Sand srains 1.20 8.235 3. 99€0 0.5587 5

Yosal 100.00 100.00 2737.2322 100.000
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TALIE 13

KELATIVE LMPORTANCE OF FO.0 ITEMS IN THE STOMACH CONTANTS
O DUSSUMIERIA LOURS ¥TOM UUE GULF OF i AR

{ location: Gulf of jianmar, Lkovember 19€9. %otal o, of tish: 42,

Yarceute
3 35 P
Stomsoh contents fe;;gut ase Vo -;9 2100 Fank
wevonaaen oontonts ‘g’gi . TETRTRL 55 oo 200 ' A ¢)
ence

() (0)

imeifer 2.59 5445 8.9255 C.1179 4
¥ish scales 2.96 545 10.2120 0. 1348 5
Vigosied mattexr 87.04 86,20 7502.8480 99.0722 1
dSend grains 7.41 6;90 51,1290 0.6751 2

fotal 100.00 100.00 7573.1245  150,0000
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TABLE 14

RELATIVE IMPORTANGE OF FOOD ITEMS IN THR STOMACH CONTRNES
OF DUSSUMIERIA ACUTA FROM THE GULF OF MANNAR

location: Gulf of Hannar. December 1969. Total No.of Fish: 79.

; Percent-
4! Stomach contents i:;é;: - og%_ Vo =@ x 100 Rank
(v) (0)
1. iugifer 21,28 22,00 463.1600 12.3917 2
2, 4lina 0.29 2,00 Ce5800 0.0153 §
e lysids 0.06 2.00 0.1200 0.0032 7
4. Copepods 0.06 2.00 0.1200 0.0032 7
$. dysis larvae - 0.14 2.00 0.2800 0.0074 6
6, 'Fighes! 5.43 6.00 32.5800 0.,8624 4
7. Urustacean remains 6,76 16.00 108.1600 2.86z9 3
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TABLE 15

RELATIVE IMPOBTANCE OF POuL ITEMS IN THE STOMACH CONTENTS
OF DUSSUMIRRIA ACUTA FROM THE GULF OF HANNAR

location: Gulf of Hannar, January 1970. Total No,of Fish; 59.

Percent. Percente 7
81, . R I
Stomach contents age ; x100 Rank
Ko. volume  ooourx- Vo =vo
(v) ence
(0)
1. Spirate
igas?toped) tedd 2,00 2.8800 0,0311 3
2. Digested matter 96,52 96.00 9265.9200 99.9249
3. Sand grains 2.04 2.00 4.0800 0.0440 2
Total 100.00 100.00 9294.0000 100.0000
TABLE 16

RELATIVE IAPURTANCE OF FOUD ITEMS IN THE STOMACH CONTENTS OF
DUSSUMIERIA ACUTA FROM THE GULF OF MAHNAR

Location: Gulf of Mannar. February 1970. Total No,of Fishs 74

: Percentw

Perconte- v
. ag . --9*~1100 Bank
51, Stomach contents age e VO

v
No. volume oCcourYre £ Vo
(V ) encey
{0)
1, Digesied matter 99.10 97.62 9674.1420 99,9779 1
2. 8and grains 0.90 2.38 2.1420 0.0221% 2




TAELE 17

RELATIVE IMPORTANCE OF FOD ITHAS IN THE 57 GAACHOUBWENTS
ERIA ACUTA FROM THE GULF OF MANNAR

Iocation: Gulf of Mennar. March 1970. Total Neo.of Fishs 35.

51, Stomach contents Pe:'ga:nt- “:;:ﬂ*' YO «-mxmo Rank
Ko, volume a:::::s— z
(v) (0)

1. 'iiehes!’ 2,67 2.17 57939 0.1510 €

2, lmoifer 5.43 8.70 47.2410 1.2313 4

5. Alics 7.33 .70 C3.771C 1.6622 3

4. korgellapg larva 0437 4,35 1.6095 0.0420 7

§. Amphipod 0.07 2.17 0.1519  0.0040 9
- 6, Young prawns 017 2.17 03639 (.0096 8
' 7. Crustacean remains 9,13 17.39 158.7707 4.1383 2

8. Digected mattexr  70.83 50,00 3541,5.00 92.3081 1

9, Sand grains 4.00 4.35 17.4000 0.4535 5

fotal 100.60  100.00 3836.6069 100.0000
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Uther items which were observed in the stomach in
small quantities with limited oocurrence were euphausid
in Qotober with 3,57 percent oscourrence, amphipod in Maroh
with 2.17 percent oocourrence, isopod in June with 0.47 porm
ecgurrence, and Mypis of Mysidacea in October and December
with 2,38 percent and 2,00 percent socurrence respectively.
Agetep wae noticed only in Octobex, when it had an occurrence
of 3,57 percent. These food iteme were not noticed in mnonths
other than those mentioned above.

Copepod ocourred from Hay to July and in December and
$he maximum occurrence of 3.32 percent was noticed in June
| When it attained an index of 0.0135. Similarly Porcelisns
¥as found to ocour in the stomach in June (0.47%), October
{3.57%) and Maxoh (4.35%).

Toung prawns were observed in the stomach of p, acuta

Nay, June, October and March with a maximum occurrence of

99 percent in May. They attained the minimum index of

0017 in Qotobex.

Crustacesn remains were found to occur in considerable
atities in the stomach during the months from April to June
Septenmber, Octodbex, Deocember and in March and ranked second
to Inmcifer) in May. They ocourred maximum in June (22,2084)
.litsinoé, & highest index in May (24.0518). A minimum
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ocourrence of 4,50% was noticed in 4pril, while they werxe

absent during the monthe of July, August, Hovember, January
and February,

‘Mollupcs'  Among the Bolluscs, bivalve larvae showed O, 29%
of occurrence in Hay and were not observed in any other
nnnths.‘ Similerly s single gpecimen of the gastroped
Spiretells was found to occur once (2.00%) in January.

'Flshes': Next to crustaceans, 'fishes' gs an important item
of food, ocourred frequently in gertain months in large
quantities. They were noticed in the stomach of D, acutsg
from April to June, in September, December and March, with
maximum (7.3973) and miniesunm (0.0410) indices in May and

June respectively, A Baximum ocourrence of 14.49% was
aoticed in September.

Fish eggs were found to 6@@&: in the month of June in
rexy emall quantity and was absent in the stomach in all
yther months,

2lant materials': During Mey 1969 and from October 1969 to
laxch 1970, plant materials' were totally abeent in the

tomach. In all other months their occurrence ranged from
s Binimum of 0,47% in June to a maximum of 3.37% in April,

Fish scales and sand grains were frequently found in
he stomach of p, 80uta. Except in August 1969 and from
ssember 1969 to March 1970, fish scales were absent in the
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stomache. A maximum oocurrence of 4,76% and & minimunm

of 0.95% were noticed in October and June respectively,
Sand grains were noticed in 8ll the months other than June,
August, September and December 1969. The frequency of
occurrence ranged fren a minimum of 2.00% in Januvary 1970
to & maximum of 12,36 in April 1969.

The percentage occurrence of digested matter and
the index it attained in ench month was noticed to be very
high. It bad a meximum occurrence of 98.11% in August 1969
and a minimum of 19,94% 4n May, The digested matter had
the maximum end minimum indices in February 1970 (99.9779)
~ and 4n Hay 1969 (31,8035) reapectively.

Quantitative analysis of the stomasch contents of D,
from the Falk Bay, during the peried April 1969 te March 1970.

The data collected from the Palk Bay side for a peried
of 9 months during April and Jume to NHovember 1969 and
January and Harch 1970 were used for this study. The details
are presented in ZTables 18 to 26. in important feature
noticed in these Sauples wae that there were fewer stomachs
in either 'l1ittle’' or ‘empty' oonditions, as compared to the
Gulf of Mannar Bamples. This is because the majority of the
| sample® were collected from the day oatches,

&n imgifer was present in the stomach in all the
- monthe except May, December and February, when no samples were
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available for observation, Imocifer ranked first in the
order of abundance in July, August and November attaining
indices 80.4379, 35,9860 and 37.6374 respectively., It
ranked second in April, June, September and October., A
maximum value of 42,30% occurrence was observed in July,
while April ranked second (31.42%). The minimum occurrence
of 4.49% was noticed in January 1970 when it attained a
ainimum index of 1.089%.

Alime was notioced in the stomach in all the months of
obsexrvation except in iugust. The peak of the abundance was
in March, when it formed the second predominant food item
next to crustacean remains and attained an index of 21,2067,
The occurrence percentage of alima ranged from 2,86% in
April %o 20.00% in Ootober. Among the food items alims ranked
third during October and November,

Zoea .waB present in its stomach in minor quantities
in June and August 1969 and January and March 1970, A maximua
eccurrence of 14,93% was noticed in March, when the index was
9.35741 and & minimum of 2,25% occurrence in January gziving an
index of 0.1086. In June and Auguat the percentagze ocourrence
was 2.27% and 6.45% respectively,

Hiegalopa occurred during June, September, October,
 November end Jeanuary end constituted 0.5368, 0.0048, 0.2549,
f e.4?82 and 2.7310 4ndices respectively. A maximum of 8,99%
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TABLE 18

RELATIVE IMPORTANCE OF FOUL ITEMS IN THE STOMACH CONTENTS
OF DUSSUMIERIA AQUTA FROM THE PAIK BAY

Locatidn: Palk Bay. April 1969. Total No.of Figh: 19,

Pexcent- ' -
Percent- v
: g’a" Stomach contents :i“m “:5;;,. vo ,—Z?%"me Rank

oS

1. Imcifer 27.89 31,42  876.3038 27.1506 2
2, 4lima 2,11 2.86 6.0346  0,1870 4

3+ Crustacean remaine 40,26 37.14 1495.2564 46,3277
4. Ligested matterx 29.74 28.58 849.9692 26. 3347 3

Total 19600@ ‘O0.00 3227n 5‘640 ‘00-0060

May 1969, no sanples
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TABLE 19

RELATIVE IMPOKTANCR OF FOOD ITEMS IN THE STOMACH COKTENTS

OF DUSQUMIERIA AQUTA PROM THE PALK BAY
location: Palk Bay. June 1969, Total No,of Fish: 18.
o Peroent- o
- mn Percent. "
, Stomach contents ~ g4 ag Vo x100 Rank
Ko, volume oef:g:— é%g
(v) (0)
. 1. Iuoifer 27.67  27.27 754.5609 29.0930 2
Megalopa 3.06 4.55 13.9230 0.5368 4
. Hyeis larvae 0.61 4.55 2.7755  0.1070 6
Zoea 2,22 2,27 5.0394 0.1943 5
'Fishea' 0.28 2,27 0s6356 (.0245 &
» Crustacean remains 14.44 18.18  262.5192 10,1217 3
Digested matter 48.38 31.81 1538,5678 59,3367 1

Total 100.00 100.00 2593.6184 99,9999
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TABLE 20

RBLATIVE IH?GR?AHQE OF FOOD ITEMS 1IN THE STOMACH CUNTENTS

OF RR1A ACQUTA FROM THE PLAK BAY
Iocation: Palk Bay. July 1969. Total Ho.of Fish: 13,
Percent. N
3%: Stomach contents i::‘ézt QEEE?. vo z 0 100 Rank
(v) (0)
1. lagifer T1.15  42.30 3009.6450 80,4379 1
2. Alima 0.23  3.85 0.8855  0.,0237 5
5. 'Fighes' 3.08 3.85 11.8580 0.3169 4
4. Fish scales 0.08 3.85 0.3080 0.0082 6
- % Crustascean remains 17.00 38.46 653.82C0 17.4745 2
>

6. Digested mattexr  8.46  7.69  65.0574  1.7388

Total: 100.00 100,00 3741.5739 100.0000
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TABLE 21

RELATIVE IMPORTANCE OF FOOL ITEMS IN THE STOMACH CONTENTS
OF QUSCUMLERIA ACUIA FROM THE PAIK BAY

| Location: Palk Bay. Avgust 1969. Total No, of Fish:s 12.

Percent=
a‘: Stemch contents i;%‘::t. oggt:;u- Yo Zg-g 2100 Rank
(v) 1%

* incifer 36.25  25.80 935.2500 35.9860 1
2. Young prewna 2,08  6.45  13.4160 0.5162 4
3. Zeea 0,83  6.45  5.3535 0.2060 5
| 4. Phyllosoms 0.42  3.23  1.3566 0.0522 6
. §, Fish scales 017  3.25  0.5491 0.0213 7
Orustacean remains 32.92  25.80 B849.3360 32.6802 2
Digested matter 27,33  29.04 7935.6632 30.5381 3
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TABLE 22

RELATIVE IMPORTANCE OF FOUD ITBAS IN THR STOMACH CONTENTS
OF DUSSUMIERIA ACUTA FROM THE PALK FAY

Locetion: Palk Bay. Septeater 1969. Total Ko.of Fish: 29,

: Percente
Peroent.
gg: Stomach contents age aegg;r- Vo jz%%‘E?OO Rank

volume ence

(v) (o)
1. Incifer 51.28 28.35 886.1624 36.2255 2
2. Alima 4.1 6,67  27.4137 1,1206 4
3. Perceliana larva 0.04 1,67 0.0668 00,0027 9
4. Young prawns 2.86 3.33 Y.5238 (0,389% 5
5, Megalopa 0.07 1.67 0.1169 0.0048 8
‘6. Pish scales 0.86 6,67 5.7362 0.2345 6
7+ Crustacean remains 32,03 31,66 1014.0698 41,4540 1
8. Digested matter 27.32  18.33  500.7756 20.4711 3
9. 8and grains 1,43 1,67 2,388t  0,0976 7
Bt | 100,00 100.00 2446.2535 99.9999
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TABLE 23

RELATIVE LAPORTANCE OF FOOD ITEMS IN THE STOMACH CONENTS
OF DUSSUMIERIA ACUL4 FROM THE PALK BAY

looationt Palk Bay. October 1969, Total No.of Fish: 17.

g:': tomach contents vgg;me o e?' Yo —-—szge 100 Rank
anoce
(v) (0)
1. Jucifex 20.34 20.00 406.2000 19.2901 2
3. Hegalopa 0.94 5.71 5.3674 0.2549 6
5, *Fiphes' 4.31 2,86 12,3266 0.5854 &
6, Crustacesn remains 12,13 25,71 31,8623 143101 4
7. Digested matter  44.06  22.86 1007.2116 47.8%17 1

Total 100.00 100,00 2105.7397 100.0000




TABLE 24
- RELATIVE IMPORTANCE OF FOCD ITPMS IN THE STOMACH COUTENTS
OF DUSSUMIBRIA ACUTA FROM UHE PALK BAY
Iocation: Palk Bay. November 1969. Total Ho.of Pigh: 35.
ta Perocent-
- Porcent- r
‘;%: Stomech contents age 288 = yp ;g%%zioe Rank
A volume ence
s W) (o)
1. Imcifer 29.35% 24.30 T13.2050 37.6574 1
‘3. Copepod 0.15 0.93 0.1395  0.0074 10
3. Bupagurid larve 0.15 1.87 0.2805  0.0148 9
‘#. Porcellanglarva  0.0% 0.93 0.0279  0,0015 11
$. 'Plant usterials' 17.94  13.08  234.6552 12,3833 4
8and grains 0.44 1.87 0.8228 0.0434 8
Crustacean remains 24,62 26.17 644,3054 34,0013 2
Digested matter 3.67 5.74 13.7258 0.7243 6
Total: 100.00 100.00 1894.9388 100.0000

smber 1969, lio sample.




TABLE 25

BELACIVE IMPORLANCE OF FOUD 17943 1B THR 900 405 ONT NS
UF YUSSUMIEETIA ACUT: FROGM TIHE PALE BAY

location: Palk Bay. Januvaxry 1970. Totul lio,of Fishy 23,

81, . Purcente Percentage ;
30' Stonach ceontents a7e OCCUrT= o g%g %100 Rank
¢ volune ence
V) ()
1e Imcifer 3457 4.49 16.0293 1,0894 3
- 2. Alimg 1,52 337 5.1224 (.3481 10
3. feczlona 4.47 8.99 4G. 1853  2.7310 4
4. Mysis lnyva .43 337 1.4491 0,098% 15
5. Mysids G.26 2.25 Ce5850  G.0398 16
6. imphipods 1.G9 5.63 6.1367 0.4171% 9
Buphavsid 2.13% 4.49 92,5637 C.6500 7
Bupagurid larva 0,65 337 2.190% 0.1489 13
Forceilana larva .22 t.12 GCe2464  0.0167 17
Vopepods 0.81 Se57 2.7297 0,188% 12
Loea 0.71 2.25 1.5275  0.1086 14
Toung prawns 1.56 337 6.6052 0.4489 8
Acetas 6,96 2.25 15.6600 11,0643 6
'¥ishes' 3.48 1.42 3.8976 0.2649 11
'Plant materials' 28.57 14.61 452,0177 29,3605
Crustacean xemains %,17 23.59 853.2%03 57,9880 ]
» Digested unaltor 6,00 12.36 74,1600 5.0400 3
Yotal 100.00 100.00 1471.4264 100.0002

1970, Ho sample.
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TABLE 26

KBLATIVE memmas OF FOOD ITEMS IN THE STOMACH CONTENTS
‘ {IEEIA ACUTA FROM THE PALK BAY

location: Palk Bay. March 1970. 1Total lio.of Fish: 34.

Percent. Fercent-

31: stomach comtents " age ~ a8 Vo Z¥8 x100  Rank
once
(V) (0)
1. Imgifer 14,10 14,93  210.5130 10.7986 4
2. Alima 21.31  19.40  413.4140 21.2067 2
S, Zoea 12.24 14,95 183.7432  9.3741 5
4. Nysis larva 0.34 1,48 0.5066  0.0260 7
5. Fieh egzs C.45  4.47 2,0115  0.1032 6
6, Crustacesn remains 24,83 29,85 741.1755 38,0198 1
7. Digested matter  26.73 14.93  399.0789 20.4714 3




occurrence was noticed in Jamuary. Mysis stage of prawns
were found to oocur in the stomach in June (4.55%), January
(3.37%4) and in HMarch (1.49%). Eupagurid larvae were present
in the stomach of J. gouta in very small quantities in
hovemher and Januwary only and the resyeetiﬁe percentages

of occurrence were 1,87 and 2%,%57.

During certain months euphausid, esmphipod, mysid and
Acetes were present in the stomasoh in limited cuantities.
Buphuside occurred in Octobexr (2.86%) and January (4.49%) only.
foohipods, myslds and jgetss were procent only during
dJasnary aend among these food items amphipods showed maximum
ef 5.63/4 ocourrence, vwhereas the occuirence of mysids and

Acetes were 2,254 amch.

vopepod occrxred as food onliy during Hovember and
January to the extent of 0.935# and 3.37%. Lorceligng was
present during September, November and January and the
occurrence ranged from 0.93% in liovember io 1.67% in September

with 1,12% in January.

Young prawns were observed in the stomsch during
fugust, Soptewber, Lovember and January. The maximunm
occurrence of 7,48% was notised in November and a wminimum
3.33% in September. In August they ranked fourth and during
Septemper and November they came down to fifth rank ameng the
food ltems.
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Crustacean remains were found to ooccur in considerable
quantities in the stomach in all the months. Ite ocourrence
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 Maxrch (38,0198). In July, August and Novembex
it was the second predeominant item, while in June and CGcotobexr
it ranked third and fourth respectively.

HMolluscs:s dolluscs were not found in the stomach of D.acuta
eclieclted from Palk Bay side during the period.

tFishegt - Juvenile fishes were observed smong the food items
during the months of June, July, Cctober and ¢anuary. A
neximum of 3.85% of occurrence was noticed ir July ani the
minimum occurrence of 1.12+ in Jaruary. Hut the maximum index
of 0.5854 was observsed in uctober. TFish sges were noticed in
the stomach, only in fishee collected during #axch, when ita

incexz showad a value of (,1032 with an occurrence of 4.47%.

‘Plent materigle': 'flant materials' occurred in the siomachs
only during lovenbex and January, vhen they stiained 12.3833
and 29,3605 indices, respactively. ‘Ihey attsinc the second
renk in January, next to crustaceaa remzius, -nd fourth rank
in Rovember, In all other menthe, other than Iloveubexr and
Januvary, they were sbsent in the stomach,

Fieh scales were cbserved in the siomuch of L. gouts
during the months from June to September with & maximum



of 6,67% of ocourrence in Jeptember and a minimum of 3,23%
in August, 3and graine were noticed only in September and
Novembexr to an extent of 0.0976 and 0,0434 indices.

Digested matter was Lfound to occur in all the monthe
and its pexcentage of occurrence ranged from a minimum of 3,74
in hovember tc¢ a maximum of 31,81 in June. It dominated
amcugst all other food items during June and October when it
renked first with indices, at 59,3367 and 47.8317 respactively
and obtained third rank in all other months gxcept in

Novenber, when it ranked sixth in the order of ahundance,

Yuantitniive analysis of the stomach contents of u. ut
from the Gulf of Hwnnar durine the neriod April 1970 to > _farch
1971

Juring thie period samples were availatle from the
Gulf of Junnar throughout the yesr. uUetails of the analysis

of the ctomach cortents are given in tables 27 vo %8,

Leteceans: lucifer occurred ae food in the stomach of

- B. pcuta durirg Apxil to June and December. Its occurrence

- ranged from a minimwm of 9.35% in Eeueﬁber to 31.02% in day,

- During day it ranked first in abundance amonget the food 1£smu.
:iIn other three monthe it had only the third rark., The maximum

%iinéax of 66,1341 was obmerved in Hay.

£lisa vas found to occur in 2l1J the months other than

October, January and idarch. Maximum and minimum oc-uriences
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TABLE 27

RELATIVE IMPORTANOB OF FOOD ITEMS IN THE STOMACH CONTENTS
OF DUSSUMIERIA ACUTA FROM THE GULF OF MANNER

Locations Gulf of Hannar. April 1970. Total No.,of Fish: 40.

Percent. PFercent- v
Sl Stomach contents age age vo ZVo=100 Bank

No. volume oOceurr-
V) @)
1. lucifer 8.38 12,66 106.0908 4.4545 3
2. Alima 5.5 15,19 77.9247 3.2719 4
3. Young prawns 0.28 3.80 1.0640 0.0447 7
4, 'Fishes' 31.56  18.99  599.3244 Z.1643 2
5. Porcelldmg larva 0.28 5.80 1.0640 0.0447 9
6. 4mphipod 0.06 2.55  0.1518 0.0064 9
- Te Squid 0.16 1.26 0.2016 0.0085 8
8. 'Flant metertals' 0.69  2.55  1.7457 o0.0735 6
_ 9. Crustacean remains 1,41 8.86  12.4926 0.5245 5
1

10, Digosted matter  52.06  30.38 1581.5828 66 4072
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TABLE 28

RELATIVE IMPORTANCE OF FOOD ITEMS IN THE STOMACH CONTENTS
OF DUSSUMIRRIA AGUPA FROM THE GULF OF MANNAR

Iocetions Gulf of Mannax. HMay 1970. Total No.of Fishi100.

Peroent. Fercent-

" Y :
gﬁ: Stomach contents vgg:" o:g:zr- Vo ?gﬁgxioo Rank

) (o)
1. Ilmgifexr 49.96 31.02 1549.7592 66,1341 1
2, Alima 4.84 5.71 27.6364 - 1.1793 §
3. Megalopa 1.47 3.67 5.3949 0.,2302 &
4. Zoea 0.3% 2.86 1.0010 0.0427 8
5. Copepod 0.30 5.31 1.5930 0.0680 7
6. Hysis larva 0.10 1.63 0.1630 0.0070 11
7. Bupagurid larva 0.02 0.41 0.0082 0.0004 12
8. Acetes 0.18 1,23 0.2214 0.0094 10
9. Young prawns 0.27 2,04 0.5508 0.0235 9
10, 'Fishes® 10.76 6.53 70,2628 2.9984 4
I1. Crustacean remains 18.68 30.20 564.1360 24,0738 2
12, Digested matterx 13.06  9.39 122,6334 5.2332 3
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TABLE 29

RELATIVE IMPORTANCE OF FOUD ITEMS IN THE STOMACH CONTENTS

OF DUSSUMIERIA ACUTA FROM THE GULF OF MANNAR
Location: Gulf of Mannar. June 1970. Total No.of Fish: 62.
Percente
Percent.
. age
gé‘ Stomach contents v:f:;. °§§§f’" Vo ;g%%x’OO Rank
(V) (0)
1. lucifer 5.9 11.67 69.205% 2.0417
2. Alimg 7.03 8.33 58.5599 1.7277
3: Zoea ‘ 0.47 5.00 2-3500 000693
4. Young prawns 0.47 1.67 0.7849 0.0232

5. 'Plant msterials' 2.97  3.33  9.8901  0.2918
6, Crustacean remains16.41 23.33 7582.8453 11,2953
1. Fish ezgs 0.63 3.33 2,0979 0.0619
-8, Digested matter 66,09 43.33 2863.6797 84.4890

e B - BN I T - N S

Total: 100;0‘0 " 99, 99 338904’09 99*9999
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TABLE 30

 RELATIVE IMPORTANGN OF FOOD ITBMS IN THE STOMACH CONTENTS
: OF DUSSUMIRRIA AQUTA FROM THE QULF OF MANNAR

_Iecation: Gulf of Mammar. July 1970. Total No, of Fishj 70.

Percent-

Percente

1 age —-VQ,V

- ;:‘ Stomach contents v:f:” ecsgz.r- VO  —zygx100  Rank

(v) (0)
1.22 2.08 2.5376 0.0340 4

Fish scales 3.56 4.17 14.8452 0. 1989 3
Crustacean
yemains C.67 2,08 1.3936 0.0186 5
Digested matter 88.89 83.34 7T7408.0926 99,2973 1
Sand grains 5.33 6.25 33.3125 0.4465 2




TABLE 31

RALATIVE IMPORTANCE OF POOL ITEMS IN THE STOMACH CONTENTS OF
LUSSUMIERIA AQUTA FROM THE QULF OF MANNAR

Location: Gulf of Mannar. August 1970. Total lio. of Fish: 85.

Percent— Porcentw

age : ...,,%,V Eank
gg' stomach contents vg%:m‘ oCcoUXrY= Vo s 100

ence
v) (0)

1. Alima 0.65 1.85 1.202% 0.0159 6
2, wocea (urab) 3,16 5.36 16,9376 0.2236 2
3. Huphausids 0. 11 .85 0.2035 0.0027 7
4. ¥ish scales 0.65 3.70 2.4050 0.0317 5
5. vrustagean .

remains 1.41 3. 70 5.2170 0.0689 3
6, Digested matter 92.61 81.49 7546.7889 99,6228 1
7. Sand grains 1.41 1.85% 2.6085 0.0344 4

Total 100.00 10G.00 7575.3630 100.0000
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TABLE 32

RELATIVE IHPORTANGE OF FOOD ITEMS IN THE STOMAGH CONTENTS
DUSSUMIERIA ACUTA FROM THE GULF OF MANNAR

Iocation: Gulf of Mannar, Septembex 5979. Total No,of Fish:i54

o . Peroent
i Fexrgent
g* Stomach contents age 8% v ZVex100  Bank

volume ence
(V) (o)
Alima 3.03 6,67 20,2101 0.4662 4
'Fighes® 25.13 18.33 460.6325 10.6262 2
« Crustaocean ,
remains 4.87 6.67 32.4829 0.7493 3
’;, 'Flant naterials' 1,74 1.67 2.8557 0.0659 6
5. Digested matter 63.55 60,00 3813.0000 67.961¢ 1
Fish sceles 0.53 3.33 1.7649 0.0407 7
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TYABLE 33
RELATIVE IMPORTANCE OF FOOD I'HMS IN THE STOMACH CONTENTS
OF DUSSUMIERIA ACUTA FL.OM THE GULF OF MANNAR
location: Gulf of Mamnar. Ociober 1970. Total Ho.of Fishi76.
- Pezaent—‘§°:;:n§" v
No, Stomach contents ':i:“ oocurre VO 7v05100  Rank
ence
(v) (o)
1. ¥ish scales 1.02 4,17 4,.2534 C.0472
2, Digected mattexr 98,30 91,66 9010.1780 99.9214 1
3. Send grains 0.68 4,17 2,8356 0.0314 3
LABLE 34
. RELATIVE IMPORTANCE OF FOOD I/SMS IN THE STONMACH COITENTS oF
DUBSUMIZRIA ACUTA FROM THE QULF OF MAINAR

_ Iocation:@ulf of Mannar. November 1970. Zotal No.of Fish: 49,

Percent. Peroent-

iz:Stemaeh contents ?gggnﬂ a32§:r~ Vo ?Z§§z1ee Rank
- (V) 183
_}, Alime 0.69 2.33 1.6077T 0.0308

8. Aoetes 0.69 2.33 1.6077 0.03508

b Crustacean remeins 16.0% 18.60 298.1580 5.7095
P+ Digested matter T7.86 62.79 4888.8294 093.6172

o= U

Yotal 100,00 100.00 5222.1483 100.0000
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TABLE 35

RELATIVE IMPORTANCE OF FOUD ITEMS IN THE STOMACH CONTENTS
OF_DUSSUMIERIA ACUTA FROM THE GULF OF MANNAR

Location: Gulf of Mannax December 1970 Total lo.of Fish:T78.

Perocent- Percent-

gt: itomech contents vgg:ﬁg eeagf VO 1{%%‘100 Rank
ence
v) (¥)
1., Lucifer 8.33 9.53 79.3849 2.0174 3
2. Alima 1.33 2.38 3.1654 0.0804 5
3. Zoean 0.33 2.3%8 0.7854  (.020C T
4. Fish scales 0.67 2.38 1.5946 0.0405 6
‘5. Crustacean remaine .00 26.19 654,7500 16,6389 2
6, Ligezted matter 60,67 52,38 3177.8946 80,7589 1
Total 100.00 100.00 29%55.0441 100.0000
TABLE 36

 BELATIVE LMPORAICH GF OUD ITEWS IN THS STOMACH CONIENTS OF
AlsFIA ACUTA NG THE GULF OF MANFAR

Iocation: Gulf of Mannar. vanuary 1971. Total No. of Fish: 83.

-

Percent Fercent-
1. ) ] age p oy
o, Stomach contents vgﬁumg ooourr- VU ?§§%x1°° Hank
' ence

(v) (0)
1. Crustacean remaine 4,52 6.06 27.3912  0.3045 2
2. Digested matter 85.48 93,94 9969.3912 99.6955
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2ABLE 37

RELATIVE IMPORTANCE OF POOD IVEMS IN THE STOMACK CUNTENTS
OF DUSYUMIPRIA ACUTA FROM THE GULF OF MANNAR

locations Gulf of Hannar. February 1971. Total Ko.of Fishi70.

Percent. féxcent=

81, . age
iQ’Stomaah contente v:g;n‘ oc Yo ?E§§-xtoo Rank

: ence

(V) (0)
Copepode 0.59 2,50 1.4750 0,0323 5
Isopeds o.21 2.50 0.5250 0.0115 6
Crustacean remaim? .71 22.50 488,4750 10,7075 2
Sand grains 5.88 5.00 29.4000 0.6445 4

TAGLE 38

RRLATIVE 1%?@31&333 OF FUOD ITBMS IN THE STOMACH CUNTEKTS OF
DUSSUHIERIA ACUTA FLUM Til: GULF OF (L. iR

weation: $ulf of HManvar., MNarch 1971. Totsl nc. of Fish: 24.

n Percent- Percente
. o

dtomach contents e age O
,‘ vijg;me OCCUr Y= Yo Z 0 %100 Rank
ance
(v) (o)

1. Digested maittor  100.00 100.00 10000.0000 100.0000
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5.80 4in April 2,04 in Hay and 1.67 in June. In all
r months it was absent,

Crustacean repmains occurred ae food from April to
enber and KHovember to February. Its ocourrence ranged

a minimum of 2.08% in July to o maximum of 30.20% in

- It attained the maximmm index of 24.0738 in May whexreas
mbexr stood second when the index was 16,6389, It secured
sscond rank amongst the food iteme during May, June and

iBos:  Hollusos were absent in the stomach of L. gcuta
poted from the Gulfl of Mamnar during the period April 1970
} March 1971 except for a samall squid occurred only once
+26%) in a fish in Zpril.

'Zighes': Juvenile fishes occurred as food in the stomach
2. goutp during April, Hay and coptembex, Iis importance
 food can be understood from the faot that it ranked second
in importance amongst the food items Juring April and

tember., It attained the maxiwum index (25.1643) during
dpril with a maximum occurrence of 18,99%. In May it showed
only 6.53% of ocourrence whereas in Sepismber 18.337 was
poticed, Fish 2zgs were present in the stomach ounly in June

¥ith ~.3%2% of occurrence.

exi *: Plant materials were noticed as food only
quantities in 1970 when they showed an ocourrence of



2,53% in April, 3.33% in June and 1.674 in Jeptember. In
no other months plant materials were noticed in the stomachs,

Fish scales were observed in the stomach during July to
Docember when their ocourrence ranged from 2,38% in December
t0 4.65% in November. dand grains were noticed from July to
Decenber 1970 and February 1971,

Digested matter dominated over all the food items in
~ all the monthe of observation except on May. Its occcurrence
 ranged from a minimum of 9,39% in May to 100% in Harch.

- Suantitative analyeie of stomach contents of L. acutg from
- $he Palk Bay centres duy the psriod April 1970 to Maxch

Data collected for n period of 8 months during April,
June, July, August, November and December 1970 snd February
? and Harch 1971 were avallable for observation from the Palk
Bay during 1970«71 period and the details of the study sre
presented in Table 39 to 46,

Eustaceanss  Iucifor was found L0 0ocur in all the months
f’an& its occurrence ranged from a minimum of 2,1%% in Hoveuber
;}!979 Yo a maximum of 37.08% in June 1970. Based on the index
. it oblained in each month 1t can be ceen that it renked first
. in July, December and February whem the respective indices

_ were 52,5908, 57,3962, and 44,3880. During June (33.5454)
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and August (25.5731) it runked second. It yanked third im
April (9.7475) and fourth in March (16.1319) among the food
items during the respective months, It obtained a minimum
index of 0.0183 in November when it had only the seventh
rank.

Alima occurred as food during all the months other
than June and August. It ranked first in the order of
abundance during November whem the index was 75.5208
with o maximum of 38.30% of ocourrvence, In March it had
third rank with the index 17.4014 and 16,17% of occurrenae.

ihe minimum occurrence was noticed in Fabruary (1.53%).

Joea was present in the stomach of D. ggutg during
&pril, June, August and Novembexr 1970 nné Februwary and
ferch 1971, 1It® occurrvence ranged from 2 minimum of 0.76%
in Februaxry to & nmaximum of 11.88ﬁ‘1n April, and the index
for ihese months weie 0.0036 and 4,4150 resvectively.
Megnlopa larva of crab éeeazreﬁ only in four months -
'Hovember, December, Februery and March. Its occurrence was
6.38% each in November and December, 0.T76% in February and
5.88% in March. The marimum index was noticed in Hareh
(0.5653).

Phyllosoma loyva of lobster was present during August
and Merech with e maxzimug oecurienoe in the formexr wmonth

(5.41%). Hysis stage of prawns was present only in March
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TABLE 39

RELATIVE IMPOKTANCE OF FOUWD ITsMS IN THE STOMACH CONTENTS
OF DUSSUMIERIA FROM THE PALK BAY

Locations Palk Bay. April 1970, Total XNo,of Fish: 50.

welliie

T Percent=

s Poercen age v

1. Stomach contente 858  socurr- VO -vgxwo Rank
No. volume ° o Z

(v) (0)

“ mﬂii'g 10.73 17982 ’9102686 907475 5
2, 4lima 7.94 9.90  78.6060 4.0072 6
3. Loea 7,29 t1.88 B6.€052 4.4150 §
4. Poxcellepg larva 0.73 1.98 1.4454 0.0737 7
6. ‘'Fishes' 9.79 8,91 87.2289 4.4468 4
7. iish scales 0.04 0.99  0.0396 0.0020 9
(8 Cruntmcesu 25.94  22.78  590.9132 30.1240 2
9. Digested metter 37.39  24.75  925.4025 47.1760 1

Total 100,00 100,00 1961.5979 99.9998

Nay 1270 No samples
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TABLE 40

RELATIVE IMPORTAHCE OF FOOD ITRMS IN THE SUOMACH CONTENTS
OF DUS: ACUTA FROM THE PAIK BAY

Location: Palk Bay. June 1970, Total No. of Fish: 50.

Poeroente
Percent-

gl' Stomach contents  age %69 Vo ?5?%2‘00 Rank
9 volume g&:ﬁ

ce

(v) (0)

1. Ivcifer 28,14 37,08 1043.4%12  33.5454 2
2. Zoea 0.3C .12 0. 3360 G.0103 6
%3¢ TOULL ¢lawns 0.5C 2.25 1.12%0 00362 5
4. 'Sishes! 1.7 112 1.9040 e 0612 4
B, Crustacean remaims 26.36 26.97 710.9292 22,G8557 3

Total 100.00 100.00 3110.5054 100.0000
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TARIE 41

EELATIVE IEQGWA}?GE OF FOOD ITEMS IN THE STOMACH CONTZENTS OF
: RIELER AGUTA FrOM THE PALX PAY

Iocation: Palk Bay. July 1970. Total Ho. of Fish: 17,
Percente-
Percent- age
gt"“temaeh contents age Ocourx~ VO -Z%r%i G0 Hank
¢ voluze ence
(v) (0)
1. fuwcifer 47435 35.33 1578.1755 52.5508 1
2, ilima B 24 10.00 32.4000 11,0797 4
3. Orustacean 24,12 56.67 884.4804 29.4743 2
4. Digested mater 25.29  20.00 505.8000 16.9552 3
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TABLR 42

RELATIVE IMPORTANCE OF FQQD ITEMS IN THE STOMACH CONTENTS OF
DUSSUMIERIA ACUTA FLOM THE PALE BAY

Iocation: Palk Bay. August 1970. Zotal lo. of Fish: 15,

Pe te Percent-
g%: Stomach contents ':%z eegju%:- vo Z"g‘g‘ 100  Fank
(v) (o)
1. Imcifer 29,67 21,62 641.4654 23.5781 %
2. Zoea 0,353 2.70 0.891¢  0.0323 5
%. Young prewns 1,67 5.41 5.0347  C.3221 4
4¢ Phyliosona 1.67 5.41 9.0347 Ce3321 &4
B, Porcell@na larva 0.35% 2,70 0.391¢ 0.0328 §
6 Sruchecean . 5400 20,75 1010.8200 37.1542 2
7. Ligostes uatter 32.%33  32.45 1046.4619  30.5579 1
sl op
Totels 100,00 100,00 2720.5987 100.0000

Boptenter and October 1970 Yo =amples.

%:z?
-
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TABLE 43

RELAIVE IMPORVANCE OF FOUT ITUMS IN THE STC ACH CONTINTS
OF DUSSUMIERIA ACUTA FROM THR PALE BAY

Locetion: falk Bay. Hovember 1970. lotal No., cf Fishs 19

51, Stozach contentro g,xc,ag_fﬂréﬂnt* Ve -§Q3100 Rank
Bo. volume ogggirn ZYo

(v) (0)
t. jucgifer 0.27 2.13 0.5751  0.0183
2. woea 0.0% 2.13 0.1065 0.00% 8
e allue 61.34 38.30 2368.4720 75.52083 1
4. iegnlopa 0.42 6,33 246796 00,0854 5
5. iish egge 0.53 4.26 2.2578  0.0720 6
6. 'vlart materials' 1,05 6.38 6.6990 0.213 4
7. crustacean remains 20,84 25,5% 532.0452 16.9647 2
8. ~igeuied matter 15.00 14.89  223,3500 T.1297 3

Yotal 100.00 100.00 3136, 1852 99.12949
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TABLE 44

FULALIVE LArURLAHCE OF FOOL ITEMS IN TuB STOMACH CONTRHTS OF
DOSSUIITUNIA AJTTA Ihod 208 raAlK BaY

Locabtion: 2alk Bay. Vecember 1970. ZLotal No.of Fishy 29.

ZOreenle

gé:Stcmneh oontents ?gggeatuoczggxa Ve 15%%x1a0 kank
volune ence
) (V) o) B
1. lugifer 50.95 27.66 1409.2770 57,3952 1
2. Hdegzalopa 2.04 6.38 13.0152 0.3t 8§
3. supasgurid larva 0,14 2.13 0.2982 c.0t2% 8
4. ilina 1.14 .25 4.8450 0.1573 &
5. acetes 0.14 2,13 .2982  ¢,0121 8
6. 'Fishes' 0.23 2,13 0.4334 0.0200 7
7. '2lort uaterials' .54 10.64 58.9456 2.4007 4
8 Crustacean 7.59  19.15  145.%485  5.5197 3
9., Dbigested wotlisr 32,23 25.53 8c2.3319 35.5118 2

T T D RPAA P ———

Total 100.00 100.00 2455.345%5  100.0000

. danuaxy 1571 ) o samples.
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TABLE 45

RELATIVE IMPORTANCE OF FOOD ITEMS IN THE STOMACH CORTENTS
OF DUSLUMIRRIA AGUEA FROM THE PALK BAY

location: Palk Bay. Februery 1971, Total No.of Fish: 53.
81, Stomach contents I-‘o:;:at- .?:;?n t_VG -—-Y?Q:ﬂoo Rank
No, volume OCOUIT~ £V0
ance
(v) (o)
fe Iucifer 35.33 26,72 944.0176  44.3880
2. Copepod 0.54 5.35 2.8890 0.1358 (4
'3, HMegalopa 0.08 0,76  0.0608 0.,0029 12
4. Alinma 1.44 1,53  2,2032 0.103 8
! Zoea 0.10.  0.76  0.0760  0.0036 11
6. Young prawns 0.38  2.29  0.8702  0.0409
.7, Bivalves 0.69  5.35  3.6915  0.1736
c 'Fighes' 12,21 7.63 93.1623  4.3805 4
/9. Crustacean 25.21 25.19 635.0399 29.8598 2
‘Plant materials' 0.58 00.76 0.4408 0.0207 10
Sand grains 2.21 3.05 6.7405 0.3169

Total 100.00 100.00 2126.7421 100.0000
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TABLE 46

RELATIVE INPORTANCE OF FOUU ITEMS IN THE STOMACH CONTENTS OF
DUSSUMIEBRIA ACUTA FROM THE PALKL BAY

Location} Palk Bay. Maxch 1971, Total No,of Fish: 56.
81. .. Pexrcent- Percent- Yo
xe: Stomach countents s.ge sge Vo 1§g5~x100 Bank
volume  occurrence
v) (0)
t. lucifex 14,67 20.59 302,0553 16,1319 4
2. Alima 20.15 16.17 325.8255 17.4014 3
3. HMegalopa 1.80 5.88 10,5840 0.5653 6
4, iosa 0.80 4. 41 3.5280 0.1884 7
Porcellana 1ayva 0430 2,20 6.6600 0.0352 10
Mysids 0.19 C.74 0.1406 0.007% 11
' Phyllosoma .11 0.74 0.8214 0.0439 9
Hysis larva 0.09 0.74 0.0666 0.0036 12
Jupogurid larvs .09 0.74 0.0666  0.,0036 12
Young prewns 0.83 1.74 1.4442 0.077% 8
'Plant materials’ 2,31 5.15 11.896% (,.6354 5
Crustacean remains 32,44 25,46 825.9224 44,1102 1
2

Digested matier  25.22  15.44  7%33.3968 20.7966

Total 100.00 100.00  1872,4079 100,0001
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and the percentage of ocourrence was 0,74. Pagurid larva
was noticed in the stomach of D. aguts only im two months,
December and March, Euphausids, mhipods. and isopode
vere completely absent. [ysis of family mysidacea was
present only in Harch. Agetes showed 2,13% of ocourrence
in December and was absent in all other months. Copepod
was found to ocour only in February and the percentage of
occurrence was 5,35, Progellsms was observed in three months,
April, August and March apd the respective occurrence
percentages were 1,98, 2,70 and 2.20, The maximum index
noticed was 0.0737 in April. Young prawns were observed
as food &ur;ng the monthe of June, August, February and
March and the percentage occurrence ranged from a minimum
of 1.74 in Hareh to a maximum 5.41 in August. The maximum
index (0.33%21) was in August and the minimum (0.0362) in

June,

Crustacean remains were found to occur in the stomach
of U, peuta in all the months of observation from the Palk
Bay centres during the period 1970-7T1. The occurrence ranged
from a minimum of 19,15% in December tg a maximum of 36,67%
in July. It obtained first rank amongst the food items
during HMarch vwhen the index was 44.1102 with an ocourrence
of 25.46%. During April, July, August, November and February
its rank was second and during June and December the rank
was only thixd.
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i Mollusce: iolluscs were represented only by bivelve larvae
Guring the month of February and the ococurrence percentage
_was 5,35 and the index 0.1736.

5 ’ 8': Juvenile fishes ocourred in the stomach of
;}Ea;ggﬁg from the Palk Bay centres in April, June and
1§Bnecmber 1970 and Febrmary 1971, and the percentage of
ftaeu:xenco in these months were 8,91, 1.12, 2,15, and
;7.63 respectively. The maximum index was noticed in April
- (4,4468) and the minimum in December (0.0200). Fish eggs
jwera noticed only in April and lovember with & meximum

- osourrence of 4,26% in Novembex.

'Rlant materigls': 'Plant materials’ were observed in the

~ stomach during November and December 1970 and February and
March 1971, HMeximum ocourrence of 10.645% was noticed in
December and minimum of 0,76% in February. It occurred
6,38% in November and 5.15% in March.

Fieh ecalez were noticed only during April and November

~whereas sand grains were present only during February.

Vigested maliter dominated among all other food items
Guring the months of April, June and August when it ranked
first, It occurred in the stomach in all the months and the
pezceniage of ocourrence ranged from a minimum of 14.89 in
Hovember to a maximum of 32.43 in August, HMaximum index was
noticed in April (47.1760) and minimum in Nevember (7.1217).
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PLATE VII

Month-wise average volume points of siomach i

samples during 1969~70, 5

Monthewise average volume points of stomach
contents of D, acuta in day and night samples
during 1970=T1.

Month-wise percentage occurrence of some
selected food items of D, geuta for two years,

lngifer
Alima

Loea

Young prawns
Srustacesn remaing
*Fishes®

'Plant materials®.
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4.3. DIURNAL VARIATION IN FEEDING HABITS

During the course of this investigation a significant
variation in the feeding intebity of Dussumieria acuta
between da; and night was noticed, For this study samples
collected from shore-seine, trawl net and g1ll net were
used. Since the exact time of capture was not available,
the samples were generally grouped into two majorxr
categarié%, day samples and night samples., The day sample
comprised of those fishes caught during the day time
between 6 a.n %6 p.m and the night samples referred
to those fishes caught in the night, mosily in the early
morning before the sunrise.

A total number of 874 fish from day catch and 1373

fish from nigh% catch were analysed for this study during

the period April 1969 to March 1971, The percentage
" ocourrence of stomachs in various degrees of fulness in
day and night samples were calculated and the resulte are
presented iﬁ'?abloc 47 and 48. From the volume points
alloted to each stomach, according to its degree of fulness,
the average volume poiunts were caloulated for esch month by
dividing the total volume points attained by all the fishes
for the month by the total number of fish examined in that
month, The fishes with the empty stomachs were also
incorporated in this caleoulation. The average volume points

thus caloulated for day and night samples in different months
are presented in Plate VII, Figs, 1 and 2.



TABLE 47
PEKCENTAGE OCCURRENCE OF THR STOMACHS OF DUS.UL ‘
FULHESS IN DAY AND WIGHET SAMPLES (APRIL 1969 TO MARCH 1970)

ACUT4 IN VAKIOUS DEGREE OF

is’fnll

1

| Gorged Full % 3 full i- full ‘'Iittle' BEmpty  No, of
Months Time % b % % % % . % fhish
(1) (2) (3) (4) (5) (6) (7) (8) (9) {10)

Highﬁ ———— a—— adented 41n 13 58082 5‘
May Day 8.80 T«20 9.60 8.80 22.40 34.40 8.80 125
Hight : - — e e 47.83 52.17 23
June Day 16,3 18,18 18.18 16,36 23,64 3.64 3.64 5%
Hight e —— ——— 0.93 1.87 T1.03 26,17 107
July Day 23.08 38.46 15.38 — 15.38 7.69 — 13
ﬁi@t e— —— ———_ o——— 0&79 63-49 35:72 ‘26
September Day 4,65 16,28 13.95 6.98 18,60 37.2% 2,33 43

Continuned




Table 47(Contd.....)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
October Day 6.06 21,21 15.15 15,15 15,15 2t. 21 6,06 33
Hovenbexr Day 17.14 22.86 8.57 22.86 17,14 8,57 2.86 35

Night — 2,38 —— —— 4.76 57.14  35.71% 42
December Day 27.70 5.55 22,22  11.11 16.67 16,67 18

Night  —ma ——— J— 32,79  67.21 61
February Day No sample

Night — —an e 55.41  44.59 T4
March Day 8.00 6.00 4.00 8.00 12,00 48.00 14,00 50

Night —— — 5.26 78.95 15,79 19
Total 1167




TABIR 48

PEIUENTAGE CCCUBKENCE OF THE SYOMACHS OF DUS.UMIY

AQUTA IN VARIOUS DEGREE

OF FULNESS Ii DAY AND DIGHT SAMPLES (APRIL 1970 10 MARCH 1971)

dorzed Full w;fmsx 3 full % full  'Little'  Empty  KNo.of fish

Month Time % % % % % % %
(1) 2) (3) (4) (5) (6) {7) (8) (o) (10)
April Day  19.70 16.67 3.05 10.61 22,735  24.24 3.03 66
Night  4.17 == — - - 62.50 33,33 24
Night - w— — w——n - 56,15 43.75 16
June Day 1.5 6.67 8.11 16,22 12.16 51,35 4.0% 74
Night — — — —— - 28,95 71.05 38
July Day t7.65 23.53 11,76 — 17.65 29,41 — 17
Wight — — — - 1.43 62,86 35.71 70
August Day 6.67 6.67 13.33 6.67 26,67 40,00 - 15
Hight — 1.18 o o 1.18 51.76 45.87 85

(Continued)
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Table 48 (Contd....)

R T

&
(1) (2) (3) {4) (5) (6) (7) (8) (9) (10)
Uctober Day Jdo sample
Night = - —— — — 57.59 42.11 76
Noveuber Day 5,26 21,05 15.79 15,79 31.58 10.53 — 19
December Day 39.29 17.65 5.82 5,38 17.65 5.88 11.76 17
Hight ———- 2922 —— — be56 3.1 61,11 90
Januery bay o cample
Hight f— — - - - %735 62,65 8%
February Day 4.62 4.62 12.31 9.23 23.07 41.53 4,62 65
ﬁight — bt - ——— - 41 ¢38 580 62 ’58
HMorch Day — - 12,50 10.T1 30.36 42,86 3.57 B6
Total 1080

\
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During the year April 1969 to March 1970 (Plate ViI,
Fig.1) 4t moy be noticed that the monthly average volume
points of the night samples ranged from 3.28 in Decenmber to
8.95 in March and in the night samplee from 17.77 points in
April to 65,38 points in July. Thie shows that the monthly
averuges were less than 'trace' condition (10 points) in
night samples and above 30 points in day sample, except for
April and HMarch. No day samples were available in February.
During the subsequent ysor, April 1970 to sMarch 1971 (P1., VIII
Pig.2) the average volume in the night samples ranged from
2,89 in June to 10.4! in April, whereas in the day samples

the points varied from 22,14 in March to 59.33 in September.
In the night samples, except for April, the average volunme
was less than 7 and in the day samples except for June,
February and iarch it was above 30 (no day samples in January
and Qctobe:). This shows that there is a clear variation

in feeding intensity of D. goutp between day and night.

Z. acutg ocaught in the night had their stomacha
completely shrunken with thick walls and prominent internal
folds and most of these contained no food items and were
. completely empty. The stomachs with e condition of feed
f,’l&ttl&' contaired trace of highly digested and macerated
; Baterinls where the identity of food items had comoletely lost.
; S8tomachs with higher conditions of feed wore very rarely
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noticed., Contrary to this the fish ocaught in the day

time had stomachs with various degrees of fullness, Only
very few slomache were empty and those designated as 'little’
had their walls showing the signse of dilation by softening
of the stomach walls and smoothening of the intexrnal folds.
the food items present inside were fresh and were clearly
ldentifiable. Thie indicated that the fish hes Juat
comuenced to feed, It may be emphasized that while the
category 'little' in the night samples is the erd point

0l the process of digestion, that of the day (morning

hours ) samples ie the commencement of the feeding activity.

yring the period, april 1969 to .lnxch 1571 Samples
from night catch were available in »1l the wonths, ixecept
for iebruary 1970, Octobexr 1970 and Jeruvary 1971 day

sauples were available in =all other mcrths.

Throughout the pexiod 1% was observed that the
percentege of empiy stowach wae vary lov in day s:mples,
whereas it wa3 very high in night sampleas (fable 47). In
the day semples during the fir:t yesr the smpty stomach
ranged from e minimum of 2,33 in Septemder 1969 to 1£.67%
in December 1969, In April, July asmd susust 1969 and in
Januvary 1970 empty ctomachs weis completely absent in day
samples, The percentage of empty etomachs in the day

samples for the whole year was only 6.05% (Table 49). In
the night samsles, :uring this period, the empty stomachs
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ranged from a mimiwum of 15,56/% in Ssptember 1969 to a
maximum of 67,21% in December 1969 and empty stomachs were
present in all the months without any exception (Table 47),
end 1t gave a value of 35.64% for the year (Teble 49). The
percentage of 'little' stomachs in the day samples dvuring
this period was 29.37 (iable 49) which ranged from 3.64%
in June 1369 to 69.23% in April 1969. In the nixht samples
the percentage of 'little' stomanch was 62.69 and ranged

from 32,79% iun December to 83.05% in donuvaxry 1969,

Puring the subeequent year, april 1970 to darch 1971,
(Table 48) in the duy samploc the emniy stouachs ranged
from & minlmum of 3.03% in 4pril 197C ‘o a mexiaun of 11,76%
in Vecember 1970, with a value of 2.57.+ for the year
(¥zble 49). Hmpty cSowachs were conudevely abicnt in day,
July, iugust, September and Lovembexr 1970. In the night
sauples Juring this period the em@ty shonachs ranged from
a winimum of 33,33% in Aprdl 1970 to a maximum of 71.05%
in Jure 1970 (Lsble 48), with a valve of 50.61% for the
vhele year (Tabie 49). Impiy stomachs vere obcerved in
all the months in nighi saunles during this period., The
percer tage value of 'litile' stomachs in day sauple was
30.14 which ranged from 5,88% in vecember te 51.35% in June,

In the night samples for the vear 47.55% stomachs were in
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TABLR 49

PERCENTAGE OCCURKENCE OF STOMACHS IN THREE MAIN CATEGORIES
OF FUINESS SHOWING THE DIURKAL VARIATION IN FREDING ACTIVITY

IN DUSUUMIERIA ACUTA FOR THE PERIOD APEIL 1969
TO MARCH 1974

| 955 Night
Yours Degree of B9.0 exrocent= "No, o? '”ggiiééﬁfﬁ“
fullness fish age fish age

1969-70 Bmpty 27 6.05 257 35.64
'Little* 131 29.37 452 62.69
74 full and
above 288 64.58 12 1.67
1970~71  Bmpty 12 2.57 330 50.61
tLittle! 129 30.14 310 47.55
¥4 full and

above 287 67.29 12 1.84
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the category of 'little' (Zable 49) which ranged from
28,95% 4in June 1970 to 62,86% in July 1970 (Table 48).

In general, in the day sample only 6.05% stomachs
during the firet year and 2.57% stomachs in the second
year were empty, whereas the rest gontained fresh food
items in various degrees of fullness (Table 49). In the
night sample (Table 49), 98.33% stomachs during the first
year and 98, 16% during the second year were either 'empty'’
or 'little’. Sineo the 'little' astomachs of the night
samples contained no fresh food components other than
some pulpy digested matter, it was inferred that, in effaect,
in the night samples, the fishes with both these categories
of stomachs - (*little’' and 'empty') were not feeding in
the night, It was observed in the night samples that, only
1.67% fishes during the first year and 1,.84% fishes during
the second year had stomachs with various degrees of fulness,
These low vilues revealed that the feeding activity of
B. gouta was negligibly low in the night and even if any
occurred, could only be accidental.

The occourrence of such a diurnal variation in the
feeding intensity of D. goutp suggests the possibility of
the illumination being linked with the feeding habit of this
fish. From the qualitative analysis of the stomach contents,
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it was evident that the fish fed mainly on orustaceans,
éspecially Imgifer, alima, scea, megalopa, ete., and other
than crustaceans they fed mainly on 'fishes' of which
Stolephorus sp. was the dominant one. They also ingested
some 'plant materials' but no diatoms were observed in the
stomach, BSuch a composition of the diet sugsests that the
fish prefer some food items to others and in order to

pick up these favourite items from among the myriads of
planktonic items around them, D. acuta, make use of the
day light 1llumination and has adopted & habit of day
feeding.

4.4. COHPARISON OF THE STOHMACH CONTENTS OF DUSSUMIER
AQULA FROM THE GULP CF MANUAR AND THE PAIK BAY.

For a comparison between the stomach contents of
L. gouta from the Gulf of Mannar snd the ralk Bay, data
were gvallable for most of the monthe, during the two year
period from April 1969 to March 1971. IFrom the Gulf of
ilannar area, though samples were available in all the
months, only empty stomache or stomachs with some digested
matter and acoidental inclusions were available during
August 1969; January, February and October 19703 and
January and February 1971. This can be attributed to the
day feeding habit of the fish and the non-availability of
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the day samples during these monthes. 5o in effect, these
months were not taken into acocount in this comparative study
of the food of fishes from these two different localities,
Also, during the other months, fewer day samples were
available from the Gulf of Mannar. Hence fhe varieties

of food items and their relative abundance were much less
during certain months and for the same reason almost in

all the months the digested matter ranked first in order

of abundance. From the Palk Bay, except in May and October
1970 and in January 1971, in all other months samples were
aveilable for comparison and since majority of them were
from day oatches their stomachs invariably contained
varieties of fresh and identifiable food items. In short,
data for actual comparison of food of D, ageutg from the
Gulf of Mannar and the Palk Bay was available only in April,
June, July, Septembex, October and November 1969 and in
Narch 1970 during the first year (April 1969 to March 1970)
and in April, June, July, August, November and December 1970
and in February 1971 during the second year (April 1970 to
 March 1971), In this comparison sinoe the general categories
like digested matter and crustacean remains wvere only
unideniifiable remnants of food items, and others like fi;h
~ scales and sand graine were only scoidental inclusions they
~ Were omitted and only identifismble foo. items were taken
into consideration.



A comparative scocount of the percentage of occurrence
of various food items observed in the stomachs of L. acutp
from the Gulf of Mannar ané the Prlk Bay in different months
from April 1969 to March 1971 ie presented in Tables 50 and 51,
The following ocomparison is made in texrms of abundarce based

on the index of preponderence,

During the first yesr, (Table 50) im ipril 1969,
alima was the dominant food item in the diet of U. acutg
from the Gulf of Mannar and Lugifer ranked second im
abtundznce, In the stomachs of fish from the Palk Bay, during
this month, the same two items, Iucifer and alima vere
observed, but the former dominated,

In the stomach of fish from both the Gulf of Mannay
and the Palk Bay Lucifer was the predominant item during
dune 1969 which was followed by zoea in those from the Gulf
of Mannar and by alima and megalopa in those from the Palk
Bay. In these months the varietiss of food items were
greater in the Gulf of Mennar samples than those from the
Palk Bay.

Vuring July 1969 the number of actively fed fish was
very low in the Gulf of Manrar samples, The number of food
items and their abundance were poor and amongst these,
copepod wae dominant, In the diet of the fish froa Palk Bay,
though the varieties were few, Lugifer dominated in this
month, juvenile fishes ranking second,



TABLE 50

A COMPARILON OF THE PERCHLT.GR OOCUERENCR OF YARIOUS FO.D IVS4S OF DUSLUMIEK ACUTa
fhud Tl GULE OF HANNAK ARG 218 PALK DAY IN DIFSAR .0 (IONLHS FOL THE PERIOD
APRIL 1969 TO MAKCH 1970

Months/iocality

;?ﬁ: Food items April May June July August September

G.M. P.3, G.M. P,RH, G.M. P.B. G,M. ».B, G.M., P,B. G. M, 2.B,

1. Imgifer 13.48 31.42 21.65 — 18.48 27.27 1.11 42,30 - 25.80 . 28,33

2, Alimm 13.48 .86 7.12 - : o, 95  4.55 o 385 e — 2.90 6.67
3. Zoea 1,12 ww 0,86 - 8,06 2,27 o — — 6.45 — —

4. Hegalogpe ' — - 4,27 0.47 4.55 1.11 . — — — 1.67
5. Phyllosoma —_— - —_— - - e — - e 323 -
6. Hysis — — 0.29 - 0.47 4.55 wu - - - t.45 —
7. Buphausid I — S — — = am - - . -— -
5 Ruppamad R = = 23T e e e an e —
9. Amphipods @00 o~ - = ae - — - — -~ - -~ —
| 10. Isopod — — [ 0.47 — - - a——— -— — -—
t1. Copepod — -— 1439 ww 3.32 - 1,11 —— — — — —
12, Mysid — - — — — - — — -— - —

Continued




Hnnfha/hoeality

gt: f?::. - Vet ober lovember Lecenber Jamuary Februaxry Harch
G.M. #.,B. @.,M. P.B. G,M., P.B &.4. P.BE. ¢.H. P.B, G.M, ?.B
1. Iucifer 19.05 20.00 3.45 24.30 22,00 == == 4,49 -— — 8.70 14,93
2. Alima 1.19 20,00 = 13,08 2,00 =~ «= 3,37 — — 8.70 14.40
Je 4oea — - —— -— — e ww 2,25 — -— —-— 14.93
4. Megslopa — .71 e 6.55 - e 8,99 - — — ——
5. Phyllosome — o - - w— wes am — - — — —
6, Mysis —— — - — 2,00 == = 3,37 — — — 1.49
T. Buphausid 35T 2,86 — - - 4,49 — —— -— —
8. Bupagurid ha - — 1.87 - e - 3,37 - —— — —
larve

9. Amphipods — - - — — w= == 5,63 -— — 2.17 —
10. Ieopod - - — — -— e e — - - — —
11. Copepod — — - Ce93 2.00 == = 3,37 — — -— —
12, dysia 2,38 «= - - 2,00 == «= 2,25 — - — -—
srmn Continued



Honthe/Tocality

gﬁ: Food items April May June “‘Jnly, August September
Ogﬁa E’.E &‘Q I‘}i. J?-B. Goﬁo POB‘ Q’QKQ fgﬁ. G.ﬂ;. .1 ™ GQ M. 90Ba
'3, M w———" — ——— - “— e —— o - e — ——
14, § - ——— o 1 I/ A— w— - — - e 1,67
arva

15. Young prawns - - 3,99 - 2.37 e e — — 6.45 - 3,33

16, Crustacean ~ . :

17. Bivalve - — - ——e

18. Gastropod — e -— — — - — e — — -
lares

‘9‘ 'Plah% —— ——— ——— 0. - '.11 —— 1.8 —— 10 ——
patorials’ 37 47 9 45

0. ﬁiﬁiﬁ’é 44,94 28.58 19.94 -- 36,74 31,81 90.00 T.€9 98.11 29.04 71.01 18.33

2%. 'Pighes’ 4.50 — 826 0,95 2, 27 = 3.85  owm — 14.49 —

23. Fish scale 2.25 -— 3,70 = 0.95 4,55 2.22 3,85 3.23 1.45 6,67

24. Send graine 12.36 - T4l - - — 3,34 - — —— — 1.67

Cont inued
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i

Months/Locality
81, . :
‘No, Yood iteas .\ ier November  December  January . Pebruary Naroch
@M, P.B. TG.M. P.B. .M. P.B. G.M. P.B. O T.B TR ?.B.
’3. m ) 3.’7 - —— - - — —— 2.25 — - w—— ——
4. Zorgellama 3.57 = -~ 093 —  — =~ 142 — = 4,53 -
15. ¥ larva
- m L M- —— L] - L b » L2
orewas 119 7.48 3.37 2,17
16. Crustacean o » —— - ; - — ‘ »
romaing 16-67 .71 — 26,17 16.00 23.59 17.39  29.85
larva
| 4 2.00
19. 'Plant - w— T was1%, 08 w—— — - 14,61 . —— - —
material’
20. Dlgeeed  35.72 22.86 6.2 3.74 48.00 - 96.00 12.36 97.92 -= 50.00  14.93
2?; 'fiﬂheﬂ‘ ——— 2086 — - 6.00 e d —— "‘2 "'"" ke 2.1? ——
24, Sand grains 8,%% 6.90 1.87 — . 2.00 -~ 2.358 — 4.35 —

G.M: Gulf of Mannar:

P.B =

Palk Bay
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The stomach contents of fish from the Gulf of Mannar
revealed juvenile fishes as the most dominant item of food
in Septeuber 1969, whereas in this month 1t was [ugifer that
dominaced over 31l other items ir thre Jiet of the fish from
the ?alk Pay, In both these locslities slima ranked second

in the order of abundance.

During October 1969 in the fisk from both the Sulf of
Mannar and the Palk Bay lucifer was the predominant item of
food, which wag followsd by alims in thne latser looality.

incifar was the only food item moticed in the diet of
fishea from the ulf of Hannar during licvember 1969, while
there was a great variety of iters iu the stomach contents
of fish from the Palk Day, of which lucifer was the most
predoninant item, followed by alima and 'plan® materials' in

the ordier of gbundsnce,.

in the dict of fish from both the uulf of iennar and the
Palk Bay, during Jarch 1970, alinma was tho dominmant item and
was Yollowed by imeifexr in both these locslitiesm. Zoea had e
thixd rark in the Palk Bay samples and this place was occcupied
by juvenile fishes, in the Gulf of Mannar samples,

In the subsecusnt year (April 1970 to HMarck 1971)
(Table 51) during April the stomach of fish from the Lulf of
Mannar contained 'fiches', and fish from the Palk Fsy had



N

- 139 .

Jucifer as the dominant food items . In the former locality
‘fishes' were followed by Imcifer and alime, while in the
latter case it wae 'fishes', zoea and alima that followed
Jucifer in order of asbundance.

In the diet of fish Irom both the Gulf of Harnar and the
Palk Bay Jumgifer wss the most dominant item during June 1970,
Alima ranked second, nex:i to Imeifer in the foot of the Guif
of Mannex samples and this place was ooocupied by 'juvenile
fishes' in the Pelk Bay samples.

Zhere were fewer food items during July 1970 in both
the localities. In the Gulf of Mannar samples alima and zoea
were the only items ¢f which the formex slizhtly doninated
- over the latter and in fish from the Palk Bay the iteme noticed
~ were lucifer and alima of which Jucifer was the predominant one.

| during fugust 1970, coes was the dominent item in the
 f00d of the fish from the Gulf of Munnar while Iucifer dominated
dn the dilet in fich trom the Palk Fay followed by young prawns

and phyllosoms.

In the stomach of fish from the Gulf of Mennar alima and
dostos were the only items obuerved during Lovember 1970 and
héy ware edually ranked, In {he Pzlk Bay samples during this
sonth the items wore more and amonget them alims vas the mosd

redominant one.
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lncifer dominated as the important food item in the
dist of the fish from both these lecalities during lscember
1970. 1In the Gulf of Jannar samples alima was secord in
aburdunce next to fucifer eoxd this place was occupled by
'plaat wateriale' in the Palk Lay sanples. During this month
there was a greater variety of food iteme in the stomach of
fish from the rsalk Buy aa compared Yo the fish from the Gulf

o kannar.

iarvirg Februory 1971 too, a greztexr variety of items
was noticed in the Palk Bay eamples than in those of the Gulf
of fMannar. In the latter case, alima, >opepod and isopod, in
order of sbundunce, wers the only itemms, Irn the diet of fish
from the ralk Bay in this uonth, Iucifer wae the most
predominant item. Juvenile fichee ranized next to lucifer.

Tho paxticulars given sbove ou the édiet of . agy
from thie Culf of Marnsar snd the Palk Bey at the same peried
indiecnte that the mejor food constituenis were essentially
~ same in both these localities, The relavive importance of
jtany given item al one place wes probably due to the sbundance

g of that item in the envivonment there.



TABLE 59

A CUMPAHISON OF TiB £SRQENIAGE OC.URRENCE OF VARIOUS ¥OUD ITE4S CF DUSUUMIERIA _ACUTA
FRUH YHE GUL¥ OF MANNAR AUD 4dB PALK BAY IN DIFFFKENT MONTHS FOR THE PERIOD

AZKIL 1970 70 HMAKCH 1971

Honths/Locality

21. Food - April May dune - July Aunragt Septembey

% items G.M. P.B. GoM. F.B. G.H. 2.5, G.H. P.B.  G.M, P.B.  G.M. D.B.
t. Incifer 12.66 17.22 31,02 = 11467 37.08 == 33,33 — 21,62 -— -
2. Allmm 15.91 9.30 5.7 =~ 8,33 - 2,083 10.00 1.35 — 6.67 —
3. <oea - 11,88 2.86 o 5.00 1,12 2,08 - 5.36 2.70 — i
4, Hegalopa == o—— G IR Y A— — — - — — — - -
%. Phyllosoms - e — — - — - — Gadl —— U
6. Mycis - — 1.63 o — — — - —— — - J—
7. Fuphavsid - - - - — —— — - 1.85 — -— -
8 fwpegurid __ _ op - . - -— -
9. Amphipod 2.5% = —— - T — - - — —en - -
10. Isopod - -— — - -— - J— —-— — - - "
11. Copeped - ——— 5¢31 ~= — - — - —- - - —
12, Wysid — — — - — — — — — —— w—

Uontinued




51 (Contdeee...)

Montha/Locality
ﬁ‘ Food items Octobex Kovembex mwu .
1. Imoifer —_— - - 2,13 9,53 27.66 = — = 26,72 == 20,59
2. Alima — e 2,35 38.30 2,38 4,25 = - 7.50 1,55 - 16.17
3. Zoes - - - 213 2.38 e - —_— e 0,76 - 4.4
4. Megalopa - em em 6,38 e 6,38 o= e=  am 0,76 == 5,88
5. PhylloSOmR == == -— — - — . U — - .= 0.74
6. Mysie - -~ —_— e — - - -— = 0.T4
7. Huphausid -— — — -— - - S -— - —
8. Bpegurid L b b o 243 e= am e e = 0.T4
9. Amphipod — -— -— — — - -— - SR — -
10. lsopod - - — —— — — - - 2,50 - -— —
11. Copepod — — - - — - — - 2,50 5.35 = —
12, Myssd N — -— -— - — - —_— - - 0,74




il

”l : ( muwa’
Montha/Locality
HO. 6.M. P.B. @M. P.B, G.M. P.B, Q.M. P.B. G.H P.B. GH PR
13. m —— —- 1, 23 —— m— P pr— — - - - —
14, Porcellana 3.80 1.98 —— o — - ——— o ——— 2.70 — -
larva

15. Young 3.80 = 2,04 = 1.67 2.26 e - — 5edl — —

prawns
16. Grustacean : :

remaina 8.80 22,78 30,20 = 23.33 26.97 2.08 36.67 3.70 29.73 6,67 -

larva
13, sqm 1 .26 —— o -—— — - —— —— —— —— Tr—, -
19. 'Plant

materiale’ 2.53 - —— - 5:.33 e . PR w— w— 1.67 —
20. ﬁ:g:g:od 30,38 24.75 9.%9 43.33 31.46 83.34 20.00 81.44 32.43 60.00 —
211; 'Fiah‘s. 18.99 B¢91 6053 e —a— 1012 aad — -—_—— - 18.33 ——
25¢ th 30&1@ haniiead 0.99 g — hend ——— 40 17 - 5’070 — 34 53 ——
240 W m — b — —— ——— b d 6.25 ——" "85 hand 3933 A




iy S £ .

Zable 5’ (Umﬁd» san )

Monthe/Locality

91, Food
Yo, itenms October November December January February Maxch

G.4. P.E. G.M. P.B. G.i. P.B. G.M, P.B. G, P.B, G. M4, P.B,
‘5. m A—— —— 2’33 e -ty 2,13 - — o T — ———
1‘. X —— —— e —— -~ - —-—— -~ —on —— - 2.20

larva

16. Crustacean : ( 6
17. gm“ —_— em e -— - —_— e= - 5.35 — -
9. I::.%:;LM! - - - 6.38 - 10.64 — — — 0.76 - 5.15
20. Dlgested  91.66 — 62.79 14.53 52,36 25.53 95.94 = 60.61 20.00 100.00 15.44
21, '‘Fighes' — — — — - 2.13 — — — T.63 — ——
23, Fish scale 4.17 --= 4.65 14.8% 2,38 — - — — — — ———

24, Sand graing 4.17 o= 9,30 = 4.76 — — - 5400 3,05 — -

G.M = Gulf of Mannar; P.B = Palk Bay

\



4.5, YSAR TO YEAR VARIATION IN THE FOOD OF DUSSUMIBRIA ASTRA
FROM APRIL 1969 TO MARCH 1971.

A comparison of the analyeis of stomach contents of
Pussunierig acuts for two conseoutive years, April 1969 teo
Harch 1970 and April 1970 $o March 1971 was mede during this
study., For this purpose the samples from the Gulf of
Hannar and the ralk Bay were pooled together ponth-wise,
eince there was no qualitative difference observed in the
diet between samples of U. pquta from these two locelities,
The percentage ocourrence, the pergentage volume points and
the index of preponderence obtained by seach food item were
caloulated separately for the years montioned above, The
resullas are prezented in Tables 52, 53 and 54 respeciively.

in both the years orustaceana were the group that
constituted the mmin food of this fish. During ithe first
year JLucifer wus present im all the months except in February
1970 whereas during the second year it was cbsent ir three
~months in Yeptember end October 1970 and Januery 1979
'f?l. V11, ¥ige. 3). Juring the first year meximum ooccurrence
was noticed in December 1969 with May 1969 iankiﬁg second,
frhettas dnring the second year these places were zscured by
_¥ay 1970 and Docember 1970 (iable 52).

Alima, like lLugifer, waes found %o ocour ir almost all
. %he months of both the years except August 1969, February and




October 1970 snd January 1971 (Pl. VII, Fig.4). In Haxch
during both the years the occurrence was almost same
(15.64% ard 15,07# respectively). During the first year
maximum occurrence was in Harch 1970, whereas the maximum
during the seconc year wae in Novembex 1970 (Table 52).
This seems to indicate that alima is an equslly important
food item of L. aguts, as Lucifer, and was consumed in

laxrge quantities whenever available.

Zoea wes observed in smaller gquantities in April to
June, August, Jenuary snd March during the first year and
in all the months other than September, Uctober 1870 and
Jarusry 1971 Juring the second year (P1l. VII, Fig.5).

Megalopsa, compared to zoem, was observed in 7 monthe
during the fir:t year with the absence in the months of
April, August and December 1969 and February and karch 1970.
But curing the seocond year only in 5 months, in Moy,
Eovember, December 1970 and February and March 1971, it was
observed among the food of D. aguta. In both the years it
wae absent during April (Table 52).

Mysis stage of prawns occurred in May, June, 3eptembexr,
December, January and March during the year 1969-70 while 1t
was present only in two months - May and derch -~ during the
subsequent year 1970-T1.
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Eupagurid larvae were present only in Novembex 1969,
January, March and December 1970 during the first year
and only in ilarch 1971. 1t ocourred only in very few

numbers,

luring the first year cuphausids were present in
three months - June, Jotobar and January; but in the next
year it was present only in August. Amphipods ware observed
in January aund March during the first year, whoress they
occurred in iarch only during the second year. IsSopods
were present only in one month of each year i,e. June 1969

and Februaxy 1971,

Hyaid was present in Ostobex, December and January
during the year 1969-70 while it was observed only in Maroh
of the yeax 1970=71. Agetes occurred in two months -
October and Januery -~ during first year snd in three months -

Hay, licvember and Deceuber - during seccord year,

Copepod was noticed in May to July and Kovember to
January in 1969-70, while it occurred only in May and
February in 1970-71. pPorcelleéna showed a higher occcurrence
during the first year than in the sscond year by appearing
for five months in the first and three months in the second

yoax,

Young prawn was represented in 8 months during first

‘year and 6 months during secoud yeaer. The pexcentoge



oocurrencge was a2lco higher in first year than in the second
year (P1., VII, Fig. 6). Maximum occurrence ¥as noticed in
May 1969.

Grustacean remains were observed in high perceniages in
the stomach of L. gouts in all the months except February 1970
during first year and October 1970 duxing seconc year. The
maximum occurrence in ihe first year was noticed in June, dut
$his had only sovcornd renk in the second year. Iay, in second
year, had the maximum occcurrence of crustacean 1emains which
wae second in rank during the first year., (n an average, the
perosutage occurrence of crustacean remains was little higher

during second year ther the first yoar (1. VII, #ig. 7).

fmong mollugces, bivalve larva was represented in both
the year, in May 1969 ard February 1971 wish e high percentage
. of ocourrence in sscond year, The occurrence of one Spiratella
| in January 1970 and one sgquid in April 197C wena;ansidexed
only as accidental.

t7ishes' occurred in April to July, Septeitver, Uclober
llﬁd December 1969, in Janusry and March 1970 in the yoox

. 1969-70, and in April to June, leptember and Pecember 1970 and
é!hbtuary 1971 in the year 1970-T71. [hough the juvenile fishes

@goourred in more months of the first year than the second year,

%he percentage of occurreace wes comparatively Ligher during



- 149 -

the second year (P1, VII, Fig. 8). The maximum occurrence
vag observed in May during the first year, while the maximum
during the second year was in September, t appeared that
this item was preferred by the fish and was consumed in
large quantities whenever availsble. The fish egss wore
noticed in the stomach of D. gcuts in June 1969 and Harch
1970 during the firat year, whereams in the second yoear they

were prasent in April, June and November.

The 'plant matoriale' were present for seven rmonths
in each year, lwuring May and October of both the vears it
vag not represented. In 1969.70 it wae absent in Decemberx,
Fedbruary and Maroch also, while it was present in these months
~ durding the second year. Similarly. during the year 1970-7%
it was absent in May and Qctober ana additlonglly in