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1 GENERAL INTRODUCTION

1, 1 IMPORTANCE OF THE STUDY

Interest on a study of development and
systematics of early life history stages of marine fishes

mgy be said to have originated as early as in 1865, when

the eminent Norwegian planktologist G.0. Sars discovered
that eggs of Buropean cod; haddock, etc are planktonic
and not benthic (vide: Russell, 1976; Ahlstrom and Moser,
1979), Subsequently, considerable attention was paid to
this subject in England, Italy, Germany and United States
of America (Ahlstrom and Moser, 1979). And, with
progress of research in fisheries biology of commercially
important species, it was realizcd that absolute
knowledge on development and systematics of early life
history stages of marine fishes is required to assess
their distribution and sbundance in space and time
(Ahlstrom, 1954;: 1966). Such a studv is an essential
prerequisite in order to undertake spawning surveys of
target species, aimed at estimation of biomass of the
adult stock, monitoring changes in exploitable stocks

and yields, explaininé causes for fluctuations in
strength of year—classes; foreccasting trends of

production, ete (Ahlstrom and Moser, 1976)., For



instance, in the case of European nlaice a correlation
has been found between abundance of carly life history
stages in plankton and subsequent recruitment to the
fighery and in the herring between spawning stock and
egg production (Russell, 1976). In Pacific sardine it
was found out that the rate of survival from newly
spawned eggs to the end of planktonic phase of life
during 1950 and 1951 was about one in one thousand
(Ahlstrom, 1954). Only if and when proper identities of
eggs, larvae, etc are cstablished will it be possible to
determine the above events and to point out as to
whether the brood resulting from s parental stock has
good or poor chances of survival. Hence, as pointed out
by Smith (1974) and others, the above studies in marine
biology and fisheries research constitute the most

important objective in guantitative plankton samplings.

Aparf from the above, studies on marine fish
eggs and larvae are important in identification of new
stocks of commercial potentialities (Ahlstrom, 1968 a)
and in evaluation of fish resources (Ahlstrom snd Moser,
1976). Also, in order to correlate distribution and
abundance of early life history stages of target species
in the environment in relation to prevailing parameters

there (Ahlstrom, 19543 1966), the studies are important.



In Coastal Aquaculturc operations as well
as in "sea ranchihg", one of the basic requirements is
to collect young stages of fishes from natural seed
resources areas for stocking in grow-out structures such
as net cages, pens; coastal ponds; etec as well as for
releasing them into the sea., For these purposes it is
imperativé that the characteristic features of early
life history stages of target species are known
adequately, by resorting to a study of their development
and systematics, Character variability of young stages
in aspects such as pigmentation, morphometric features,
etc occurring in different areas should be understood
proverly, so that possible confusion in their collection
and stocking could be avoided. Distinguishing features
of different developing stages should be studied and
documented, in order to segregate the most desired stage
if available sparsely, for bestowing special gttention
such as feeding with growth-promoting food organisms,
protecting from large-scale mortality due to adverse
hydrological and climatic conditions, etc., ‘Knowledge on
development and systematics of larval series would
facilitate observations on effect of certain ecological
ahd physiological conditions on the particular stage
and their impact. on growth and production, 4lse,

character differences between developmental stages
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occurring in natural state and those obtained by
artificial means such as induced brecding should be
knowvn and documented in order to find out, if any, the

role of such differences in subsequent development.,

Accurate identification and documentation
of fish eggs and larvae are important in fish taxonomy
(4hlstrom and Moser, 1976; 1979) such as for clarification
of taxonomic features based on ontogenetic differences.
The study is important for delineating spawning grounds,
breeding seasons, breeding migrations, parental care and
other similar behaviour of the species involved, aspects
which are vital in rational exploitation and conservation
of econonmically important resources in space and time.

In order to make an assessment of quality and quantity

of ichthyoplankton as a component of plankton biomass, to
determine general productivity in the region, to assess
fish resources and their potentialities in various areas
and to gather information on the whole spectrum of fishes

in the area, a study of early life history atages is

important,

As a biological indicator, eggs and larvae
brought by certain water masses have to be identified

and documented in sufficient detail. And, for use as

a general study material, as an experimental organism



in bioassays, in aspects of toxicology, embryology, etc,
a study on development and systematics of early life

history stages is important.

In view of these reasons, it has become
imperative to study early life history stages of marine
fishes with accuracy and document them in different
geographical areas, The International Symposia on Early
Life History of Fish, firsf held in 1973 (Blaxter, Ed.,
1974) and then in 1979 (ICES, 1979) have focussed
attention on the importance of this branch of fisheries
science. And, such publications on early life history
stages as of Uchida, Imai, et 2l (1958) and Mito (1966)
from Japan, of Russell (1976) from Britain and of Jones,
P.¥., Martin and Hardy Jr (1978), Hardy Jr (1978 a; b),
Johnson (1978), Fritzche (1978) and Martin and Drewry
(1978) in the form of a series of atlases from mid-
Atlantic Bight are substantial contributions in this

direction and need emulation in other parts of the

world as well.

For an account of historical background of
the study on development and systematics of early life
history stages of marine fishes in different parts of
the world, present status of this discipline and
potential future directions, Ahlstrom and Moser (1979)

may be referred to.
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1. 2 IMPORTANCE OF THE STUDY IN INDIA

India; a tropical peninsular country and
situated between abouq:go and 38° N and between Long 68°
and 90° E; has an extensive coastline of more than
6,500 km long, south of Tropic of Cencer. The coastline
is dotted with many estuaries; craecks, backwaters, bays,
lagoons, etc, offering good scope for Coastal Agquaculture.
About 1,800 species of marine and estuarine fishes are
known to occur in India, as against sbout 12,000 reported
throughout the world by Nelson (1976). Most of these
fishes are found along both the east and west coast of
the peninsula, in Bay of Bengal and Arabian Sea
respectively. A perusal of literature (gigg: section
1. 3) shows that among the above number not more than
150 species have received attention so far for a study
of development and systematics of their early life
history stages; forming herdly 10%. So much so,
ichthyoplankton surveys undertaken by agencies such as
UNDP/FAO (1974: 1976 b) are not able to state precisely
to which species most of the early life history stages
which they have surveyed and/or collected belong.

Hence, it is quite important and urgent that development
and systematics of early life history stages of as many

species as possible are known adequately. And, any



substantial attempt in this direction should be
considered as vital for contributing to our knowledge

in this difficult field.

A perusal of literature further shows that
among the few centres where some work on fish eggs and
larvae was carried out in the past along about 6,500 km
coast, it has not yet been possible to identify and
document early life history stages of a substantial
number of species in each centre, including many
commercially important ones. For instance, in Porto Novo
itself along south-east coast, among about 600 species of
fishes reported to occur (Natarajan,R. =and Ramaiyan,
unpublished), developmental stages of not even 10 % of
the species are identified and documented. And; even
among the species which have received attention, all
vital developmental stages arec not yet reported adequately
and variations if any of characters in stages occurring
in one locality from another are not brought out clearly.
This is important because geographical differences are
said to play some role in certain characters of early
life history stages. In view of such an inadequate
state of our knowledge, an attempt at a study of their
systematics and development in representative centres

constitutes an important step in widening our

ﬁnowledgc.



India being a tropical country, speciation
in her waters has been taking place much more rapidly
than in temperate rcgions (Panikkar,N.K., 1952) and it
is found that in many cases groups of species constitute
combined fisheries. Although adults of most of these
are morphologically and/or meristically distinct enough,
their early life history stages are found to resemble
one another very closely due to the fact that in ontogeny
similarities do exist among species of the same genus
and/or allied genera. An illustrative examplg of this
kind is found among Clupeiformes (Bensam, 1979). And,
unlike in temperate countries, practical hurdles have
been experienced by workers in successfully carrying out
collections of spawners, effecting artificial
fertilization and rearing eggs and larvae under
laboratory conditions, in most cases. In view of the
above reason, fairly positive identification of eggs and
larvae of various speccies has not progressed so well
when compared to more comprehensive studies made -
elsewhere. And, although studies on development of
marine fish eggs and larvae have been undertaken by
quite a few workers in the past (vide: section 1. 3. 3),
the present state of our knowledge on this subject is
far from satisfactory, while considering the multiplicity

of species present. Hence, any additional contribution



on development and systematics of egrly life history

stages of marine fishes would certainly be important.

Tt may also be added that early life history
stages of quite a few culturable fishes along coastal
areas of India remain either unknown or only imperfectly
known at present, inspite of the recent thfust and
importance given for proper identification and collection
of young stages for commercial stocking in Coastal
Aqueculture. In order to remove such uncertainty in
identification and collection of young stages of target
species, it is important and urgent that development and
systematics of these stages of culturable fishes also

are known in sufficient detail.

As mentioned earlier, the principal
benefit from a study of this nature is that the results
can be used in undertaking spawning surveys and
forecasting to the fishing industry the trend of
production from importent resources., In United States
of America, California Cooperative Oceanic Fisheries
Investigations (CalCOFI) programmes on these aspects
have yielded valuable information on these aspects
to the fishing industry there (Ahlstrom, 1968 a;
Ahlétrom and Moser, 1976). Such an approach is needed

in management of marine fisheries resources in India

also,
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1. 3 REVIZW OF PREVIOUS WORK IN INDIL

The first comprehensive attcmpt at a
study of development and systematics of carly life
history stages from Indian Ocean region was by
Delsnan (1922 - 1938) frem Java coast. The above work
rernains as a stondrrd one of reference cven today.
Following this, many publications have emannted fron
India, n~dding to our knowlecdge on eggs, larvae,
postlarvae, etc of many species ¢f marine ~nd estuarine
fishes, In the follrwing review, publications dealing
with cerly lifc history stoges from east const of India
(Bay of Bengal) ond west coast (Arobinn Sea) are dealt
with separatcly. For the soke of casicr understanding
of the locnlities from where reports were made,
publications from northern sector =nd sruthern sector
in respect of cach coast are treated scparately. The
boundnry separoting northern and southern sectors is
determined approximately at Dnt 15° N. In cast coast,
the States of West Bengal, Orissn nnd most part of
Andhra Pradesh north of Nellore arc included in northern
sector; and part of Andhra Pradesh south nf Nellore
and Trmilnadu comprise the southern sector. In west
coast, the Statcs of Gujarat, Mohersshtra and Union

Territory of Goa are grouped in northern sectors
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and the States of Karnntaka and Keralo in southern
sector. Abstrocts of pepers mentinning mere occurrence
of eggs, lerveme, etc, without descriptions or figures

are not included for the purposc of the nresent review,
For o nore detniled list of rcferences on carly life
history steges of fishes from Indian rcgion till 1968, the
annotated bibliography by Jones and Bensam (1968) may

be referred to.

1. 3. 1 East Coast (Bay of Bengal)

(A) Northern Sector (North - East Coast)

Perhaps, the first ever publication
from India on marine fish eggs and larvae is that of
Bhattacharye (1916) on embryonic ~nd lorval stages of

Gobius ostericola, Petroscirtes bhattacharyae snd

Hemirhomphus limbatus from Chilka Loke, Nair,K.K,

(1939; 1940) described a few postlarval stages of

Hilsa ilisha =and Engraunlis telera rcspectively from

Bengal. Pillay =and Sarojini (1950) dealt with larval

development of Gobiopterus chuno from West Bengal,

Joncs,S.and Menon (1950-1953) studied@ the eggs,l-rv-c
and/or postlarvae of Setipinna phass (1950 a3 1951 c),
Hilsa ilisha (1950 b; 1951 a), Brachiurus pan,
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Cynoglossus lingua and C.cynoglossus (1951 b)) Coilia
&ussﬁmieri (1952), Tylosurus strongylurus, Polynemus

paradiseus, Ichthyocampus carce, Paragobiopsis

ostericolas and Cnllionymus fluviatilis (1953) from north

—cast const, Sarojini =nd Malhotra (1952) reported on

postlarvae and juveniles of Bleutheronema tetradactylun

from West Bengal and environs, Jones,3, end Pantulu
(1952 - 1958) studied metamnrphosing stages of

Muraenesox talabon and secme leptocepheli from Bengal

and Orissa (1952), leptocephali of Congrellus esnago

and Pisoodonophis hijala (1955) and larveae and juveniles

of Zenarchopterus buffoni, Bregmoceros mocelelandi,

Callionymus melsnopterus, Arnoglossus tapeinosoma,

Samaris macrolepis, Solea ovata, Heteromycteriss oculus,

Triacanthus brevirostris snd Parapegesus natans (1958)

from Beng2l and Orissa coasts. Sarojini (1957) gave
nn account of early larval stages of Mugil parsia from

Bengal; ond later (1958) dealt with identification of
the fry of five species of mullets from West Bengal,

viz, Mugil corsula, M,parsia, M,t~nde, M,cephalus =nd

M,cunnesius,

Ganapati and Raju (1961 a; by 1963)
described three types of spawn masses eggs =nd early
development of some unidentified muraenid =nd ophichthyid
cels from Waltair, Hair;ﬁ.v.and Dharmemba (1961)
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dealt with early development of ren ophichthyid egg,
also from the same locality. Chendra (1964) gave an
account of distribution and abundance of the larvae of
o few fishes in Hooghly Estuary. Rao,N.G.S.(1967)
dealt with distribution of larvae and juveniles of some
fishes in Mahsnadhi Estusry. Similar account on
occurrence =nd distribution of pelagic fish eggs and
larvae in Chilka Loke is given by Kowtal (1967). The
above suthor (1970) described eggs =nd larvae of
Nematalosa nasus from Chilka Lake., Rao,V.V.(1971)

described early development of Omobranchus Japonicus

and Cruenthus smithi from Godavari Estuary. Kowtal

(1972) gave an account of eggs and larvae of

Eleutheronema tetradactylum from Chilke Lake., From the

seme locality, Natarajan,AdV, and Patnaik (1973) studicd

cmbryonic 2and larval development of Liza macrolepis,

Ghosh (1973) dealt with larvae =2nd juveniles of Lotcs

calcarifef'from Hooghly - Matlah estuarine system.

Chaudhuri, Bhowmick, et al(1978) described eggs and

larvae of Mugil ccphalus obtained by artificial

fertilization from north-east coast. Kowtal (1979)
published a note on ocozing ovum, developing and-early

larfal stages of Pscudosciaena coibar from Chilka Lake.

Mukhopadhyay and Verghese (1979) reported on' a postlarve

Of:Lﬂtes~colearifog from Honghly Estuary.-




14

(B) Southern Sector (Scuth - East Coast)

In south-east coast of India, Nayudu

(1922) ‘reported on cmbryonic stages of Cypselurus from

Negapatem (Nagapatnam). Whitehouse (1923) gave size

ranges of the youngones of Teuthis jave, Gobius criniger,

Lut janus guinguelinearis, Lethrinus cinercus ond Equlla

edentula from Tuticorin. Aiyar (1935) described

development of the goby Acentrogobius neilli from Madras.

Devonesap (1937) described eggs and embryonic stages of

Hemirhamphus georgii from south-cast coast, Jones,S. -

(1937) dealt with development of Etroplus suratensis,

E.maculatus, Acentrogobius viridinunctatus,

Boleophthalmus boddacrti, Petroscirtes bhattacharyae,

Aplocheilus melastigma and Panchax parvus, from Madras.

Job and Jones,S,(1938) reported on the eggs and larvae

of Tylosurus strongylurus and a few postlarvae of

Hemirhamphus gaimardi, also from the same area.

Devenesan =and Chocko (1944) gove =n account of eggs and

larvae of Dussumieria hasseltii from south-east region.

Nair,R.V.(1946; 1947; 1948) dealt with lcptocephali of

Uroconger lepturus, Mur=enesox cincreus, Muraenn macrura

and Copgrellus anago from Madras and Gulf of Mannar.

Nair,R.V, and Bhimnachar (1950) described three types
of eel eggs and two types of eel larvae from the latter

locality. Chacko (1950) reported on occurrence of
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the eggs of sixteen species from around Krusadai Island
with notes on their characteristic features. Alikunhi
and Rao,S.N. (1951) gave an account of the metamorphoses

of Elops saurus =2nd Megalops cyprinoides from Madres.

John (1951) described the eggs, larvee =nd/or juveniles
of thirteen species of fishes belenging to ten families,
from Madras. Bopat =nd Prasad (1952) dealt with

postlarvae and juveniles of Caranx kalla from Palk Bay.

Nqir,R.V.(1952.b; c) renorted on s~me unidentified cggs

and larvae of clupeids, carangids, etc and on postlarvae

of Elops saurus, Tylosurus strongylurus, Hemirhamphus

raimardi, Trichiurus haumela, Ambnssis miops, Therapon

jarbua, Lactarius lactarius, Leiognathus ruconius, Gerres

Iucidus and Scatophagus argus respectively, all from

Madras. Rao,K.V. a2nd Basheeruddin (1953) noted the

occurrence of yrungones of Rastrelliger kanagurta at

Medras. Bapet (1955) assigned certain eggs to Kowala

coval, Dorosoma chacunda, Sardinells fimbriata, Caranx

leptolepis; etc from Mandapam area, with notes on

characteristics of cggs and larvae snd their distribution.
Vijayaraghavan (1955) reported on the eggs, larvae and

Juveniles identified as of Scomberomorus guttatus:

and described (1957) eggs =and larvae of Engraulis

grayi, Anchoviella tri, Decapterus russelli, Saurida

tumbil, Hemirhsamphus far, Cynoglossus bilineatus,
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and Triacanthus brevirostris, from Madras.

Kuthalingam (1957 - 1961) studied eggs, larvae =nd/or

juveniles assigned to Cynoglossus lingua (1957),

Megalnspis cordyla and Caranx mate (1959 =) Saurida

tumbil (1959 b), Triacenthus brevirostris (1959 c),

Solen elongata (1960 a), Sardinella lonciceps (1960 b),

Polynemus indicus (1961 2), Dussumieria acuta (1961 b)

and Mugil cephalus (1961 ¢), 2ll from Madras.

Rangarajan and Jacob (1960) dealt with development of

Symbranchus bengalensis from Porto Novo. Basheeruddin

and Nayer (1962) made a preliminary report on occurrence
of juveniles of forty marine fishes of Madras City =nd
tabulated their size range, major size group and food;
without descriptions or figures of juveniles,

Mahadevan and Chacko (1962) gave notes on eggs and larvae

of Dussumierip hasselti from south-east, Rao0,K.S.P.B.

(1963) described eggs and early development of Caranx
sp from Porto Novo. Subrahmanyam (1964; 1968) assigned

certain eggs and their larvae to Caranx hippos (1964),

C.,carangus and Selar kalla (1968), =2ll at Madras,

Sudarsan (1968 a; b) reported on the eggs =nd larvae of

Syngnathoides biaculeatus and Hemirhamphus quoyi

respectively from Mandapam. Rao,A.V,P.(1970) gave an

account of the larvae of Syngna%thus cyanopsilus from

Pulicat Lake. James (1971) noted early developnent of

Micrognathus brevirostris at Mandapsm, recorded

newly. Ramaiyan and Rao,T.V.S. (1972) dealt with
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an interesting postlarval bothid fish from Porto Novo.
Rao,K.S.(1973) reported on the eggs and larvae of Hilsa
kelee from Madras. Bensam (1973) described o few

postlarvee end juveniles of Sardinella dayi from Tuticorin.

Rao,K.S. snd Girijavallabhen (1973) dealt with eggs and
larvae of an engraulid =nd two carangids from Madrass
subsequently Girijavallabhan and Gnanamuttu (1975)

observed a postlarva of Rastrelliger, from the same

locality. Vijayareghavan (1973 a; b; 1974) gave an

account of the eggs and larvae of Hirundichthys

(Hirundichthys) coromandelensis, Acentrogobius ornatus

and Cypselurus spilopterus respectively from Porto Novo.

From the seme locality, Venkatarsmenujesm (1975 a)
described the eggs; larvae, postlarvae and/or juveniles
of =bout forty species of mearine and estuarine fishes
belonging to thirtysix Families and including early
life history and/or larval development of Ambassis
commersoni (also Venkatarsmanujam, 1975 b), Saurida

gracilis, Pseudorhombus javanicus, Parastromateus niger,

Gnathanodon speciosus, Carangoides malabaricus,

Chorinemus tol, Trachinotus blochii, Parspocryptes

rictuosug, Grammoplites scaber, Arthron hispidus and

Pseudobalistes fuscus. Venkataramanujam (19757a) and

Venkataramanujam and Ramamoorthi (1976) have also dealt

with seasonal distribution and abundance of fish ‘eggs
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and lorvae of Porto Novo weters., Rsmenathan (1977) end

Remonathan and Natarajan,R.(1979) studied eggs, larvae,

etc of Psettodes erumei, Pseudorhombus arsius, Bothus

myrisster, Brachypleurs novae-zealandiae, Synaptura

albomeculata, S,commersoniana, Cynoglossus macrolepidotus

end C.monopus, from Porto Novo., From the same locality
Natarajan,R. and Bensam (1978) revorted on eggs and

early larvae of Rastrelliger kanagurta.

Apart from the above; obsefvations on
development and distribution of early life history stages
of marine fishes in Bay of Bengal, based on research
cruises, etc were undertaken as follows. Balasubrahmanyan

(1968) dealt with larva of Idiacanthus fasciola;

Balasubrahmanyan, Rac,K.S5.P.B. and Subbaraji (1969 a;

b) described larval and juvenile stoges of Hirundichthys

coromandelensig and Exocoetus volitans; Raju and
Genapati (1970) observed distribution of fish eggs and
larvae in the Bay; Balasubrahmanyan (1971) reported on
Gempylid-larvae; the same auther subsequently (1976) on
larval 'billfishes; Balasubrahmanyan and Nataraﬁan;R.
(1978) ‘on"larvae of Holocentrus sp; Peter (1979) dealt
with influence of envirommental changes on distribution

and esbundance of ichthyoplankton in the Bay.
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1, 3. 2 West Coast (Arabian Sea)

(¢) Southern Scctor (South - We st Coast)

The first report from west coast of India
on marine fish eggs and larvac is that of Panikkar,N.P.

(1920) on those of Etroplus suratensis =nd E.maculatus,

from erstwhile Malabar. Devanesan =md John (1940; 1941)

reported on eggs assigned to Rastrelliger kanagurta and

Kowala thoracatn from the same area, Devanesan and

Chidambaram (1941) studied two kinds of eggs and their

larvae identified as of Dorosocma chacunda ~nd Caranx

crumenophthalmus from Calicut. Gopinath (1942) dealt

with occurrence =and sersonal sbundance of the postlarvae
of fifteen species of fishes belonging to twelve
families as well as feeding habits of 2 few of them
along Trivandrum coast. Devanesan (1943) described eggs

and cembryonic stages of Sardinella longiceps from

Malebar area., Gopinath (1946) gave notes on larval and
postlarval stages of about twentythree fishes from
Trivendrum. Nair,R.V.(1952 a) reported on eggs and

larvae of Kowala coval from Calicut., Frem the same

locality, Seshappa and Bhimachar (1955) studied the

larvae and metamorphosis of Cynoglossus semifasciatus.

Also, from the some region, Chacko and Mathew (1955;
1956) dealt with eggs and early larvae of
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Decapterus russelli, Caranx crumenophthalmus, C.djeddaba,
C.kolla (1955) and Sardinella albella (1956). Neir,G.S.

(1957 a; b; 1961) gave descriptions of the eggs and
larvee of Ambassis gymnocephalus, Mugil cephalus and

Stigmetogobius javanicus respectively from south-west

region., Balakrishnan,V.(1957) made a brief note on the

eggs end larvae assigned to Rastrelliger kanagurta ,

from Vizhingem, Padmenabhen (1957; 1961; 1963) hes

dealt with development of Antennarius marmoratus,

Stolenostomus cyanopterus and Cypselurus comatus

respectively, from Trivandrum region. N=ir,R,V.(1960 =2)

reported on early life history of Sardinella longiceps

from Calicut., Balakrishnan,K.P.(1961; 1963; 1971)

described larvae of Cynoglossus semifasciatus,

Arnoglossus tapeinosoma, Bothus ocellatus, Laeops

guntheri, Solea ovata, Cynoglossus monopus and

Bregmoceros, all from south-west region. Bensem (1968 a;

b; 19693 19703 1971 a; b) studied eggs and larvae of

an unidentified mursenid eel, Opisthopterus tardoore,

Cynoglossus semifasciatus, Sardinella jussieu (S.gibbosa),

Kowala coval and Anodontostoma chacunda, all from

Cannanore, Balakrishnan,V, and Rao,K.V.N.(1971)

reported on a few postlarvae and juveniles of

Rastrelliger kanagurta. Balakrishnen,K.P. and Devi
(1974) reported on larvae of Solea heinii,‘ﬁxgggloasus
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puncticeps, C,brevis, C.cynoglossus and C.,lide from

Cochin area.

(D) Northern Sector (North - West Coast)

From north-west coast of India, Bal and
Pradhan (1945; 1946; 1947; 1951) observed occurrence and
geasonal abundance of eggs, larvae nnd/or juveniles of

mofe than forty fishes, belonging to about twentythree
Familics, at Bombay. Kulkarni (1950) described eggs

and larvae of Hilsa ilisha, from north-west region,

Nair,R.V. and Mohamed (1961) described some metamorphosing

stages of the eels Mursenesox talabanoides, M.talabon,

Uroconger lepturus and a few unidentified leptocephali

from Bombay. From the same locality, Masurekar (1967)

described eggs and developmental stages of Tylosurus

crocodilns, Bhatt and Bhargava (1973) dealt with the

development of the same species from Goa also.

In addition to the above, based
cruises off west coast of India, the following studies

were undertaken. Jones,S.(1958 - 1967) reported on
larvae and postlarvae of Xiphias gladius (1958; 1965),

Istiophorus glodius (1959 a; b), Gempylus serpens(1960 2),
Kotsuwonus pelamis, Neothunnus macropterus (1960 b),

Euthynnus affinis (1960 c), Auxis thazard, A.
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thynnoides, Sarda orientalis (1961; 1963), Scomberomorus

guttatus, S.commerson and S.lineolatus (1962), Pegasus

volitans, Dactyloptena orientalis and D.macracanthus(1967);

Jones,S.and Kumaran (1964 a) on larvae of Myripristis

murdjan and Holocentrus; Peter (1967; 1970 a) on larvae

of Rastrelliger; Devi (1969) on larvse of Pseudorhombus

elevatus; Silas and George (1971) on larvee and post-

larvae of the mesopelagic fish Vinciguerria nimbaria;

Siles (1974) on larvae, postlarvae and juveniles of

Rastrelliger kanagurta; UNDP/T£0 (1976 a) on cggs,

larvac and postlarvee of Sardinella longicepsy gnd Devi

(1979) on develcopmental stages of Psettina brevirostris

and P,iijimae, Also, Peter (1974) dealt with seasonal
variations of ichthyoplankton in Arsbian Sea in relation
to monsoons; and UNDP/FAO (1974; 1976 b) reported on

distribution and sbundance of eggs, larvae, etc,

Besides, contributions of a general nature
on one or the other aspect of development and systemntics
as well as distribution of early life history stages
of nmarine fishes from India are those of Jones;S.(l950)
on terminology of early developmental stages; Jones,S.
(1951) and Jones,S. and Bensam (1968) on bibliographics;
Nair,R.V.(1961) dealing with general remarks on Indinan
leptocephali; Jones,S. and Kumaran (1963) on distribution

of larval tuna in Indian Ocean as well as (1964 b3 c)
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early life history stages of Indian scombroid fishes

ond distribution of larval bill fishes in Indo-Pacific
respectively; Rao,K.V.(1964) on distribution of young
stages of Rastrelliger kanagurta in India; Peter (1970 b)

on density of fish eggs and larvae in Indisn Ocean;

Bensam (1972) on identification of Clupeiform eggs and e
early larvae; Reo,T.S.S5.(1973) on sbundance of larvae

in oceanic and intermediate zones of Indian Ocean;

Bensam (1979) on taxononmic problems in identification

of Clupeiform eggs and larvae; ond of Ahlstrom and Moser
(1979) on achievements made in systematics and development

of carly life history stoges with suggestions for future,
including for India.

l. 3. 3 Renarks

A perusal of literature has shown that
studies on marine fish eggs and larvae in India have
been carried out rather discontinously =nd ath irregular
intervals, mostly from Calcuttn (also Bengal or West
Bengal), Chilka Lake, Waltair, Pulicat Lake,'ﬂadras;
Porto Novo, Mandapam and Tuticorin alnng east coast,
and Trivandrum and its environs, Cochin, Calicut,

Cannanore, Goa and Bombay along west coast, all mostly

L SR e e —
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limited in space and time. It may also be seen, even
based on a liberal assessment, that the number of species
which have received some attention for a study of
their eggé larvae; etc does not exceed 300, forming
about one species each in Elopidae, Megalopidae,
A}bulidap; Moringuidae, Symbranchidae, Solenostomidae,
Atherinidae, Tripauchenidae, Sillaginidae, Lactariidae,
Pegasidae; Antennuriidae; Ephippidae, Acanthuridae,
Scatophagidae, Coryphaenidae, Gempylidae, Kurtidae,
Psettodidae, Xiphiidae, Trlacunthldae° two each in
Dussumierldae, Dorosomidﬂe, Plot0851dae, Anguillidae,
Muraenid=e, Congrellidae, Ophichthidae, Belonidae,
Bregmocrotidae, Fistulariidae, Sphyraenidae, Scorpaenidae,
Platycephalidae, Dactylopteridae; Siganidae;
Periophthalmidae; three each in Muraenesocidae;
Cichlidae, Pomacentridae, Callionimidae, Trichiuridae;
Stromateidae, Tctrogpntidné; four each

in Apogonidae, Lethrinidae, Blennidaec; fivé each in
Syngnathidae, Pleuronectidae, Mullidae, Theraponidae;
8ix each in Polynemidae; Istiophoridae, Cynoglossidae%
seven in Synodidae; eight in Centropomidae; nine in
Tachysuridae, Hemirhamphidae, Exocoetidae; ten in
Mugilidae, Bothidae; twelve in Gobiidae, Sciaenidae;

fourteen in Leiognathidae; nineteen in Engraulidae,
Carangidae; twenty in Scombridae; twentyfour
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in Clupeidae; etc, However; adecuate attention in a

comprchensive manner was received only by about 160 ﬁ
species present =long the coasts of India, thus the

number of species the eggs and larvee of which are known

partially or fully, constituting not morc than 10 %.

This is in sgreement with the remarks of Smith (1974)

that enrly life history stnges have been described only

in perhaps less than ten percent of marine fishes known,

Also, in most of the species dealt with
in India, the entire life history stages are not yet
known; but only one or n few stnges of eggs, larvae,
postlarvae and juveniles are described. In sone
cases, identifications have not yet been made accurately
and convincingly (vide: Jones,S., 1962;'Nair;ﬂ.v;;
1960 n; Bensom, 19733 Sil&s; 1974), while in others
(Bal and Pradhan, 1945; 1946; 19473 1951;$Cﬁhbko; 1950,
Basheeruddin and Nayar, 1962), only occurreénée 6f eggs,
larvae and/or juveniles is ‘reported, without
accompanied by adequate deseriptions nnd/or figures
of the early life history stages reported, thus meking
such reports and identifications unhelpful and ineffective
for future workers., It is needless in this connection
to stress that any first report . on a2 hitherto
unidentified early life ‘history stage should be’
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supported by enough description ond illustrations.

One principal reason for the imperfect
gtate of our knowledge on early life history stages of
marine fishes from Indian waters is the lack of
adequate information on distribution, biology and
spawning of the ichthyofauna of the regions concerned.
But; with rapid prngress being made in recent years
on these aspects, the situation is gradually chenging.
It may not be out of place in this connection to
mention that the results of International Indian Ocean
Expedition on zooplankton studies(IOBC, 1970) have
shown that fish eggs mnd larvae are sbundantly
distributed in many localities in the Ocean, Also;
the zone towards enastal area is reported to_be quite
rich for eggs and larvae of commercially importané
marine fishes (Rao,T.8.S8., 1973). As such, thére is
urgent neced for intensification of studies on
development. and systemstics of rearly life history stages
of different species, particularly with rcference to
commercially 'importent ones,. This is all the more
important because only after having knownh fully well
the various early life history stages that it will be -
practicable to formulate and implement various resources

assessment and production forecasting programmes,
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1, 4 SCOPE OF PRESENT WORK

In Porto Novo, situated in south-east coast
of India on northern bank of Vellar Estuary (Plate I,
Figure 1), morc than six hundred species of marine and
estuarine bony fishes, belonging to about 120 Families
are known to occur (Natarajan,R. and Ramaiyan,
unpublished). Only a few reports on development and
systematics of early life history stages of some of
these fishes have been published till mid seventies from
this region (Rangarajan and Jacob, 1960; Rao,K.S.P.B,,
1963; Ramaiyan and Rao,T.V.S., 1972: Vijayaraghavan,
1973 a; b:; 1974), A concerted effort to study
development, distribution and seasonal sbundance of eggs,
larvae, etc was first made by Venkataramanujam (1975 ajb),
Venkataramanujam and Ramamoorthi (1976), Ramanathan (1977)
and Ramanathan and Natarajan,R.(1979). But, much more
work still remains to be dome on these aspects in respect
of many more estuarine and marine fishes of this locality.
Realizing the above fact; collections of early life
history stages made for a period of about two years,
from August 1977 till June 1979 off Porto Novo and at
the mouth of Vellar Estuary (Fig 1) have been used in

the present study; and the development and systematics

of twentyfive species belonging to sixteen genera and

thirteen Families are dealt with in the present thesis,
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Of these, fifteen species have been dealt with for the
first time and the othéf cases relate to early life
history stages which are either not yet described from
Indian waters or from Porto Novo or are described
because earlier accounts available are not quite

adeguate,

1., 5 PLAN OF THE THESIS

The thesis is presented in three secctions,
The first one deals with importance of the study with
particular reference to India at present, a review of
work undertaken in the country so far, scope of present
investigations and plan of the thesis. While attempting
a review of literature, it was at first thought desirable
to comment upon merits/demerits of each work as well as
to point out gaps, if any. But, even at the outset it
was realized that such an attempt without adequate
material at disposal for comparison and contrast is not
justifiable. Hence, the chapter on review of literature
is only in the form of a perusal, pointing out general
gaps as remarks (vide: 1. 3. 3), rather than evaluation
of each publication. In the second section is given a
brief note of Porto Novo Coast, its major ichthyofauna,
method of collection of material used, gencral guidelines

for identification and terminology of life history stages.

—
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The third and main section contains the
results of present work on development and systematics
of early life history stages of species studied. All
species belonging to a particular Family are arranged
under it, including a mention of important genera and
species in Indian waters, commercial importance and
annual production, as recounted by Silas (Ed., 1977).
In order to present s comprehensive and coherent account,
each species is treated separately, irrespective of the
station and time of collection of the stages. However,
the date and/or time of collection of each stage are
recorded in the text. In dealing with each species; a
note on its distribution in India, importance and
publications on its fishery and biology is given,

This is followed by a description of the development of
early life history stages. Every éffort was made fo
identify the material "with complete certainty* (Ahlstrom
and Moser, 1976) upto specific level, based on data
available and picces of evidence at disposal. Notes on
systematics '‘including comparison with earlier work on

the species are given. In the subsection 'General

Remarks', salient findings as a result of thc priesent

study are highlighted and commented upon.

The main scction is followed by a résume
and references cited in the text. A list of publications

of the author is incorporated in the Appendix,



2 MATERTAL AND METHODS

2. 1 PORTO NOVO AND ITS ENVIRONS

Material for the present study was drawn
principally from plankton samples collected off Porto
Novo (Figure 1). Porto Novo is situated at Lat g
30' N and Long 79° 46‘_E.in south-east coast c¢i India
(Fig 1, inset), bordering Bay of Bengal on its west and
on the northern bank of Vellar Estuary. The latter is
a true estuary, open to the sea throughout the year.
Water masses in the area have a wide range of biotopes,
such as neritic, estuarine; backwater, mudflat; mangrove
swamp, etc. The estuary is subjected to semidiurnal
tides, the amplitudes of which reaching about one metre
upto a distance of about 16 km from the mouth. During
North - East monsoon rains from about October till about
December, the estuary is filled with freshwater; and
during other times of the year the water is mostly

brackish or neritic. From the estuary backwaters extend

in southern direction for zbout 12 km and become confluent

with Coleroon Estuary (not shown in the figure). About
5 km south of Vellar Estuary mouth there is another
connection to the sea. Width and depth of the

backwaters differ from place to place ranging from
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PLATE I

Figure 1, Map of India showing location of Forto Novo

in south-east coast of India(inset) as well as stations
in the sea and Vellar Estuary, from where eggs, larvae
and juveniles of marine and estuarine fishes weré
collected for the purpose of present study. A: Location
of laboratories of the Centre of Advanced Study in Marine
Biology, where the studies were carried out; B: Location
of station at about 15 metres depth off Porto Novo from
where routine collections of planktoh were made for
eges, lafvae, postlarvae, etc: C: Location of station

at the mouth of Vellar Estuary from where fry net
collections were made, forming minor pa;¢&of the

material used in the present studies.
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about 30 m to about 450 m in width and from 1lmto 3 m
in depth. Bottom is mostly clayey with isolated but

extensive beds of the edible oyster Crassostrea

madrasensis, the mussel Perna, clams and cockles Anadara,

Donax, Meretrix, Katelysia, etc. Apart from these, a

wide variety of fishes, crustaceans, etc are also
present. ILuxurient growth of mangrove swamps dominated

by Rhizophora and Avicennia is another ecological

feature of this region.

2. 2 ICHTHYOFAUNA OF PORTO NOVO

As per a recent checklist by Natarajan,R.
and Ramaiyan (unpublished), coastal waters of Porto Novo
harbour about 600 species of marine and estuarine fishes,
belonging to about 120 families and many of them
contributing to valuable fisheries almost throughout the
year, During North - East monsoon period however,
fishing operations are usually suspended, due to inclement
weather conditions., More important of the fishes are
Elasmobranchs, Clupeiformes; Mugiliformes, Pleuronecti-
formes and Perciformes. Among Elasmobranchs, species

of Scoliodon, Carcharinus and Dasyatis are more common,

Sardinella, Thryssa and Stolephorus spp constitute

Clupeiformes in the locality. Mugiliformes are
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represented by Mugil and Liza spp and Pleuronectiformes

by species of Cynoglossus, Psettodes, etc. Family

Sciaenidae is composed of the genera Johnius, Pseudo-

sciaena, Otolithes, etc, mostly in demerssl catches,

The catfishes consist of Tachysurus and Plotossus; the

scombroid fishes of Rastrelliger and Scomberomorus;

the ribbon fishes of Trichiurus and Lepturacanthus; the

goatfishes of Upeneus; eels of Anguilla, Ophichthys and

Muraena; carangids of Caranx, Chorinemus, etc; silver-

bellies of Leiognathus and Secutor; gobies of

Acentrogobius, Ctenogobius, Boleophthalmus, etc: and

perches of Lethrinus, Lutianus, Epinephelus, Lates,

Therapon; etc; etc.

2. 3 COLLECTION OF MAT®RIAL

Early life history stages of eggs, larvae,
postlarvae, etc of the various species utilized for the
present study were obtained from daily plankton
collections made in the sea at a station situated about
2 km off the mouth of Vellar Estuary (Fig 1, B), where
depth is about 12 to 15 m. Plankton net used for
collections was made of No 20 bolting silk having a
mesh of about 0.1 mm. The net measured 1.5 m long

and 0.5 m wide at the mouth. It was towed in surface
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waters fora duration of about 15 minutes between 06.00

and 07.00 hours and the plankton thus collected wes
brought to the laboratory for study. Vast majority of
early life history stages used for the prescnt thesis
is from plankton collections made in the abovesaid
locality; and unless otherwise mentioned in the text,
all collections denote to the above cnly.

In addition to the gbove, fish fry
collections were made with velon screcns of =zbout 1 mm
mesh size operated in shallow areas of Vellar Estuary
mouth (Fig 1, C) for larvae, postlarvae and juveniles
available there. A few juvenile stages were also
obtained from trawlers opersting in the sea south-east

of Porto Novo, at a dist=nce of about 5 - 7 km,

2. 4 METHODS OF STUDY

Eggs from plankton collections were

examined under a binocular mieroscope in living condition,

Each type of egg was separated based on such
characteristic features as diameter of eggs, presence,

absence or number of oilglobules, vacuolation or

segmentation of yolk and vigmentation pattern of embryo.

After separation, cach type of egg was transferred to
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s large container having filtered sea water, in order to
study various stages of development. Representative
stages during development were sketched by studying the

live eggs in cavity slides under a monocular microscope

and with the aid of a mirror type camers lucida.
Formalin preserved samples were also utilized for this
purpose; and.are indicated'as such in the text.
Wherever possible, the process of hatching was observed
under a binocular microscope by keeping eggs in

embryo cups. Characteristic features of larvae and
postlarvae were also recorded in live condition; while,

for making camera lucida drawings, these were fixed in

2 ¢ formaldehyde in order to prevent shrinkage in
higher concentrations.

While rearing eggs and larvae, growth of
micro organisms which cause mortality was minimised by
filtering sea water, keecping them in sterilized vessels
and by adding Streptopenicillin at a concentration of
25 mg/100 ml of water. For feeding the larvae, fresh
phytoplankters and zooplankters were isolated from

plankton., Skeletonema, Coscinodiscus, Thalassiothrix,

etc as well as small sized copepods and nauplii were
not consumed well by the larvae. It was found that
most of the larvae hatched out in the laboratory died
within about four to six days after hatching.
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In the case of larvae and postlarvae
collected directly from plankton, rcpresentative stages
of each species were studied under microscope for their
characters, pattern of pigmentation, myotome or vertebral
counts, etc and sketched with all thesc details i
immediately on fixation in 2 % formalin. Lebour (1921)
has pointed out the importance of myotome counts as
reliable characters in identification of fish larvae;
and hence great attention was paid to this aspect. The
number of myotomes in preanal region could be counted
precisely in all lsrvae and postlarvae. But, the number
of myotomes in vostanal region in early larval stages
could not be ascertained fairly accurately because
myosepta towards caudal end became rather indistinct and
notochordal vacuolations appeared more prominent than
myotome boundsries, thus obliterating the latter.
However, in later stages of larvae and in postlarvae,
myosepta became quite distinct, thus facilitating the
determination of myotome boundaries in postanal region
also. In specimens hsving excessive pigmentation on
body and in advanced nostlarval condition approaching
juvenile phase, myotome boundaries =nd vertebrae could
not be delineated adequately. Such specimens were
treated in Potassium hydroxide, staincd with alizarin

dye and cleared in glyccrin, to facilitate counting of
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the number of vertebrse. For compsring larval myotome
number with adult vertebrac, the urostylar segment was
treated as the last one, both in larvae snd in adults.

Attempts at rearing larvac and postlarvae
collected directly from plankton by feeding them with
phytoplankters, zooplankters and/or yolk of chicken
were not successful, in all cases,

Length of larvae, postlarvae and juveniles
given are total length extending from tip of snout or
lower jaw, whichever was longer, to tip of larval finfold
or tip of caudal fin, as the case may be. Standard
length from tip of snout or lower jaw till the end of
caudzsl peduncle is slso given, in some cascs,

Since most figures presented in eleven
Plates follow one after another in a scrial manner and
from one Plate to the next; the specific number of the
Plate in which a particular figure is placed is not
mentioned in the text. In a few instances however, due
to necessity for adjustment of space a few figures
are placed in Platcs different from the previous ones,
In these cases, the specific number of the Plate in
which the figures are placed is also mentioned in

the relevant place in the text, preceding the number of
figure. Number of the Plate is recorded sbove

explanation to figures given oppogite to it.
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2., 5 GUIDELINES FOR IDENTIFICATION

Although in recent years a fcw modern
techniques have been sought to be employcd in solving
some intricate taxonomic problems in development of
fishes, the procedures already in vogue remain as the
basic guidelines for identification, particularly among
species and in areas which are not explored adequately.
These and other characters are recounted by Ahlstrom and
Moser (1976) and are used with advantage in the present
study. Also, Ahlstrom and Moser (1979) have rightly
pointed out that our ability to =zolve difficult
identification problems can be enhanced by improving the
gquality of specimens, by critically evaluating various
characters, by discovering new diagnostic features; ete.
While formulating guidelines for identification of early
life history stages in the present study, such a principle
was followed. And, the guidelines followed are recounted
belows: -

(1) Occurrence of early life history stages
in plankton and of spawners, spent; mature and/or

recovering stages in fishermen's catches, as

circumstantial evidence.
(2) Similsrities between ripe ovarian eggs
of the species concerned and planktonic eggs in early

stages of development. Size range of ripe ova and
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that of planktonic eggs in some fishes remain almost the
same without "swelling un" on coming into contact with
sea water unlike others which do swell up in water and

as development progresses, thus altering orizinal overall
egg size. However, even in the latter category, the

size of ripe ova remains unchanged azs'yolk" -nd gids in
identification of free eggs.,

(3) Shape of eggs, such as spherical,
ellipsoidel, etc,

(4) Prescnce or absence of ornamentation
on egg capsule(chorion).

(5) Presence or absence of oilglobulej if
present, thc number, diameter,‘pigmentation, etc; as well
as its location on yolksac in newly hatched larva,

(6) Presence or absence of vacuolation or
segmentation in yolk; if present the naturc thereof such
as fine, moderately fine, coarse, etc; colouration of
yolk, pigmentation, etc.

(7) Extent of perivitelline space.

(8) Pigmentation pattern of embryo.

(9) Nature of arrengement of muscle fibres,

such as crossed, parallel, etc,
(10) Number and disposition of myotomes
(myomeres), myosepta and/or vertebrae in relation to

location of vent (anmus) during larval development,
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(11) Disposition and shape of alimentary
canal such as straight, coiled, etc.

(12) Changes in proportions of precanal,
postanal, predorsal and postdorsal in relation to length
of larvaec; and changes in body form during development,
based on "series method" (Schmidt, 1905).

(13) Structure and shape of body.

(14) Charecteristics of hecad, shape and
position of mouth (Vetanachai, 1974).

(15) Appearance as well as disposition of
paired and unpaired fins (Ahlstrom and Moser, 1975).

(16) Sequence of changes in important
characters duriﬁg larvsl development (Ahlstrom and Ball,
1954).

(17) Number and disposition of spines and
rays in fins,

(18) Comparison of larval and postlarval
features with adult characters (Bertelsen, 1951;
Bertelsen, Krefft and Marshall; 1976).

(19) Comparison and contrast between stages

of similar size range and/or developmental sequence of
closely allied species and/or genera.

(20) Spination on head, type of caudal
fin, time of formation of pectoral fin rays, etc

(Ahlstrom and Mosecr, 1976).
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Russell (1976) while dealing with
jdentification of eggs, larvae, ctc of British marine
fishes, departed from some common methods followed by
earlier workers and relicd mostly on pigmentation which
hc stated was the best diegnostic character. He did
not give much importsnce to such meristic characters as
myotomes, vertebrae, fin ray counts, etec, for
distinguishing young stages of various species, It may
be noted in this connection that in temperatc waters
such as in Britain, the number of spccies belonging to
a genus or family is considerably lecss than in tropical
regions; without much overlapping characters including
pigmentation pattern. On the other hand in tropical
waters, as noted earlier, similaritics between young
stages of allied species arc found to be many, with
quite a few overlapping characters., Hcnee, in order to
make fairly accurate and rcliable identification of
early life history stages of marine fishes in tropical
regions, in addition to characters such as pigmentation
pattern, it becomes essential to reinforce evidence
from other sources as well, such as morphometric;
meristic and other data. Nevertheless, difference in
pigmentation has scrved to distinguish betwcen early
stages of closely allied specics when other characters
were not of much value. In the present work, depending

upon neads these have been taken into account suitably,
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2. 6 TERMINOIOGY OF EARLY LIFE HISTORY STAGES

A perusal of literature on early life
history stages of marine fishes shows that various
authors have used different terminolozies for describing
developmental stages, such as Yearly czg", "late egg",
"prolarva', “yolksac larva", “preflexion larva',
“pogtlarva®, "prejuvenile", "juvenile”, etc (Hubbs,
1943: Jones,S., 1950; Ahlstrom and Counts, 1955;
Ahlstrom, 1968 b; Bzslon, 1971; to mention only a few).
Recently, Balon (1976 a) has proposed terms like
“"cleavage eggs'’, ‘propterygiolarvaﬁ, cte. But; Richards
(1976) disagrecd with the above and suggested only
simplified and cstablished terms and definitions. He
has pointed out that most scientists follow the
terminology used by Ahlstrom (1968 b) and Moser and
Ahlstrom (1970) and that the terms proposed by Balon
(1976 a) cannot be applied particularly to developmental
stages of marine fishes which exhibit s grecat deal of
diversity. Balon (1976 b) however, did not accept the

above contention of Richards (op.cit).

Russell (1976) while describing eggs and
planktonic stages of British marine fishes, voints out
that the tcrms “larva™ and “postlarva” used by carlier

workers arc quite convenient, The term "larva“® is
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used by Russell (op.cit) to refer to the stage bearing
yolksac, this stage becoming terminated when volk is
completcly absorbed, marking the end of larval period.,
The stage extending from this condition till the one in
which the specimen resembles adult in most vital
characters such as general body form, meristic counts,
etc is designated as "postlarva" by Russell (op.cit).
The term "prolarva® used by certain authors and the term
"yolksac larva” by others correspond to the term "larva®
used by Russell. In the atlases on carly life history
stages of fishes of thc mid-Atlantic Bight by Jones,P.W.;
Martin and Hardy Jr (1978), Hardy Jr (1978 a; b),
Johnson (1978), Fritzche (1978) and Martin and Drewry
(1978), terms such as “larva® and “prejuvenile® are used.
Of these, the term "larva“ may be said to correspond to
the term "postlarva" used by Russell., The latter author
voints out that postlarval sequence of development in
marine fishes has no sharply demarcated terminatiﬁn and
that certain adult characters are already formed before
the specimen has lost some other larval characteristics
such as pigmentation. According to Russell (op.cit) -
since the process of metamorphosis in marine telecosts

is gradual involving scquences of development during
which the specimen continues to change; the use of the

term ®postlarva’ is justified. In view of the above
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reason, in the precent thesis, the term postlarva® is
used. The term 'prejuvenile® is used in litersture

for highly modified pelagic devclopmental stages such as
Tholichthys, Ptax, etc which arc neither postlarval nor
juvenile in character and are strikingly different from
juvenile condition (Ahlstrom, 1968 b). Such stages werc
not encountered during the present study; and hence, the
question of usage of the term “nrejuvenile® in this

thesis does not arisc.

In the course of present studics it was
observed that during juvenile phase of development also
the specimens differed from adults in such features as
morphometric proportion, colouration, etc. In other
words, during juvenile development also some adult
characters were observed to havc not yct developed,
although other featurcs were already formcd. Hence, as
in the case of postlarva, juvenile scquence of development
also mey not be said to have a sharply demarcated

termination at an early age or size, but the

developmental processes of certain characters may be

dclayed till the specimen becomes older and rcaches a

fairly large size. In view of thc above reason, use of

the term " juvenile® iz followed to the phase of life
history in which many adult characters arc established

but certain developmental features still persist.



3 STUDIES AND DISCUSSION

3. 1 SYSTEMATIC POSITIONS OI' SPECIES

Nomenclature of fishes dealt with in the
present work and their placement in Familics as well as
other taxe are largely as per the classification followed
by Nelson (1976). However, with regard to Fanmily
Chanidac, although Nelson (op.cit) relcgates it to
Order Gonorynchiformes, most workers arec known to place
it still in Order Clupciformcs or its equivalent, in a
varicty of ways. Ontogenetically, thc only species in

this Family, Chanos chanos bears closest similarity to

development of Clupeiform fishes (vide:s Delsman, 1929 b;
Chaudhuri, Juario, ¢t al, 1978; Liao, Juario, et al, 1979).
Hence, in the present account Family Chanidae is placed

in Order Clupciformes. Nomenclaturc of Subfamilies in
Family Clupcidac is as followed by Whitehead (1972) and

in other Families as given by Nelson (1976).

Phylum Chordata
Superclass Gnathostomata
Class Ostcichthycs
Subclass Actinopterygii
Infraclass Telecostedl

Division Taeniopaedia



Superordcr Clupeomorpha
Order Clupeiformes
Family Clupcidac
Subfamily Dorosomatinae

Nematalosa nasus (Bloch)

Subfamily Clupeinae

Sardinella clupcoides (Bleceker)

Sardinella sirm (Walbaum)

Sardinella fimbrists (Valenciennes)

Sardinella albells (Valenciennes)

Subfamily Pristigasterinaec

Ilisha melastoma (Schneider)

Ilisha megaloptera (Swainson)

Family Chanidae

Chanos chanos (Forssk2l)

Family Zngraulidae
Subfamily = Engraulinae

Thryssa dussumieri (Valenciennes)

Thryssa hamiltonii (Gray)

Thryssa mystax (Schneider)

Stolephorus tri (Bleecker)

Supcrorder Acanthopterygii

Order Perciformes
Suborder Mugiloidei



Family Mugilidae

Liza dussumieri (Valencicnnes)

Liza macrolepis (Smith)

Liza tade (Forsskial)

Suborder Polynemoidei
Family Polynemidae

Polynemus sextarius (Bloch and Schneider)

Suborder Percoidei
Superfamily Percoidae
Family Sillaginidac

Sillago sihama (Forssk8l)

Family Gerreidac

Gerres oblongus (Cuvier)

Gerrcs setifcrus (Hamilton)

Family Theraponidae

Therapon jarbua (Forssk2l)

Family Iullidae

Upencus (Pennon) bensasi (Temminck and Schlegel)

Family Centropomidae

Lates calcarifer (Bloch)

Suborder Acanthuroidei
Family Siganidac

Siganus javus (Linnaeus)

46
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Suborder Scombroideci

Family  Scombridac

Rastrelliger kanasurta (Cuvier)

Order  Scorpacniformes
Suborder Platycephaloidel

Family Platycephalidae
Subfamily Platycephalinac

Platycephslus indicus (Linnacus)

In the following section 3. 2, comprising
results of the present studies, all the Families are
arranged in the same serial order as given above, such
as “(A) Family Clupeidae®, “(B) Family Chanidae", etc.
Arrangement of various species alsolfollows the same
serial order as given avove. And, since the work
carried out under each species constitutes the
mainstay of the present thesis, the subsections
embodying the results under various species are given
prominence by allotting subsection numbers at species

levels such as %3, 2, 1 Nematalosa nasus (Bloch)",

ceesy "3. 2. 19 Gerres setiferus (Hamilton)" and so

on, instead of giving importance at Family levels.
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3, 2 DEVELOPMEWT AND 3YSTEMATICS OF
EARLY LIFE HISTORY STAGES

(A) Pamily Clupcidae

The Family Clupeidae is represented in

Indian waters by the genera Ssrdinella, Ilishs, Hilsa,

S ——— ——

Pellona, Opisthonterus, Dussumieria, Lscualosa,

Anodontostoma, Nematalosa, etc. Of these, the sardines

Sardinella spp are economically the most imnortant,
with upto 2,00,000 tonnes of annual vroduction from

a single svnecies, S.longiceps in the south-west coast

and upto 90,000 tonnes of annual oroduction from all

S.sirm, 5.dayi, S.clupeocides, etc,: 2long both the

coests. The Indian shad Hilsa ilisha supports

fishery in brackish water ecosystems such as Lakes
Chilka in north-east, Pulicat in south--east and
Vembanad in south-west as well as in estuarine regions
along both the coasts. The Indian herrings Ilisha,

Pellona and Qpisthopterus contribute to fisheries

along both the ‘coasts; and the White sardine Fscualosa
thoracata is of local fishery importance in south-
west coast. On the whole, Family Clupeicdae is
responsible for more than 20 7 of marine and

estuarine fishery prodvction in India,
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3. 2. 1 Nematalosa nasus(Bloch)

Nematalosa nasus, vooularly called “Long

ray bony bream", is distributed all along Indian
coasts and is invarisbly met with in fish catches from
inshore waters, estuaries, lagoons, backwaters, etc.
Frequently, this species, along with the related one

Anodontostoma chacunda, contributes to small scnle

fisheries in different localities. Previous work on
this species from Indian waters are those of Bapat and
Bal (1950) on food of its young from Bombasy region,
Jones,S.and Sujansingani (1954) on its breeding in
Chilka Lake, Chacko, Rajagopal and Mohanakrishnan (1966)
on its bionomics and fisheries in Ennore and Pulicat
backwaters, Annigeri (1267) on maturation and spawning
in Mangalore and Kowtal (1970) on eggs and early larvae
from Chilka Lake. Only the last work deals with early
life history stages, from north-east coast of India;

and the present account is on egegs, larvae and postlarvae

collected from nearshore waters of Porto Novo.

(a) Eggs (Figs 2 -~ 4)

Eggs identified as those of N.nasus were
collected on 7 -2 -1978, 9 -2 -1978 and 22 -3 -1978,
in postmonsoon period. They were pelagzic, spherical,

transparent and ranged in diameters from 0,945 mm to
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1.0 mm, in various stages of development. Hach egg

contained eight solden-yellowish oilglobules ranging

in diameters from 0,036 mm to 0,081 mm. The oilglobules

were usually found near tzil end of the embryo.
A narrow perivitelline space .ras present =211 around
the yolk, which was spherical and vacuolated with
individual vacuoles fzirly large in size.

In 2n early stage of develonment

studied at 07.30 hour on 7 -2 -1978, anterior half of

the embryo was indicated with developing optic vesicles

and formation of myosepta, as shown in Fig 2, Vhen
examined on the same day a2t 16,00 hr (Fig 3), the

embryo was well formed with ontic capsules, their

lenses, tail region and myotomes, In = still advanced

stage of develovment at 12.00 hr on 9 -2 -1978 (Pig 4),

the embryo was almost ready for hatching. Also, at
this stage a few black pigment svots could be noted

on dorsal side of the embryo.

(b) Larvae (Figs 5, 6)

A just hatched larva from a batch of
egas reared in the laboratory on 7 -2 -'73 and its
salient features such as globular shape, large
volksac, prominent finfold and oilglobules is shown
in Fig 5. It measured 3.072 mm with body tapering

towards caudal end. Yolksac was rounded off
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posteriorly and alimentary canal was almost
straight with a marked bend at anal region.
A series of black pigment spots was present at base
of finfold dorsally. Thirtyfive myotomes could be
counted with precision in preanal region znd about six
in postanal region, the actual number of myotomes in
hinder part of the body could not be made out distinctly
owing to imperfect nature of nvosenta and deminant
nature of notochordal vacuolation therc. ~The myosenta
were disposed at a slight =ngle anteriorwards. Preanal
length of the larva was 85.6 7 of its total length.

A second larval ctaze, measuring 4 mm
(Fig 6) was obtained by rearing an egg kent for hatching
on 9 -2 -'78., The specimen studied at 10.00 hr on
10 -2 -'78 had many progressive developmental features
such as reduction of yolksac, formation of heart,
development of pectoral finbud, prominent auditory
vesicles and movement of dorsal row of -igment snrots
to below notochordal region and above alimentory canal,
A slight invagination was present below eye region,
marking the formation of mouth. ¥Tves remained
unpigmented and anus onened below thirtviifth mvotome
in this stage also. Althoush hincdermost myotomes were
only indistinctly recognizable, about ten myotomes
could be ccunted in postanal region. FPreonal length

in this stage was reduced to 77.2 ¢ of total length.



(¢) Postlarvae (Figs 7 - 10)
| Four postlarval stages were available for
studv, one obtained by rearing in the laboratory znd
three others collected from plankton.
4.87 mm (Pig 7):- This stage was the result of newly-
hatched larva resred to 24 hours
0ld andstudicd at 14.00 hr on 23 -3 -'78, The
characteristic features of this stage were full
utilization of yolk, formation of mouth and partial
nigmentation of eyes. DPectoral fin has become larger
and pigmentation along dorsal aspect of alimentary
canal has become more pronounced than in 4 mm l=rva,
Opercular cleft has developed 2s a ventro-dersal
constriction behind the head. Alimentary canal has
remained straigsht with a minor constriction anteriorly,
marking hind end of ocsophegus. Number and disvosition
of myotomes remained the same as in the previous stage
and the larval finfold continued to be prominent.
Preanal provnortion showed only =2 negligible recuction,
to 77 % of total length. All these features showed

that at 24 hrs the svecimen was in an early nostlarval

condition.
6.78 mm (Fig 8):- The present postlarva as well as

the alcceedﬁy;two were collected

from plankton off Porto Novo on 16 -3 -'78. Body
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appeared much elongated and broader than before.
Larval finfold has disappeared, head recion has become
more pointed, jaws have become well developed, eyes
were pigmented black and pectoral fins have assumed a
fan shaped apnecarance with faint indications of future
rays., Dorsal fin was indicated bhetween 22nd and 28th
myotomes with about five ravs and caudal fin showed
radiating rays. Ansl fin vas also seen, between 3lst
and 39th myotomes with baszal elementes 2nd ravs. Mid-
and hind-gut rezions have widened dorsgoventrally, with
similarly disposed foldings of enithelium. !Mvosepta
were distinctly ansulsr or 'V'(shaved; end there were
3O preanal and 15 mostanal myotomes, the number and
disposition being identical with adult vertebral
condition. Preanal length was 72.3 % and predorsal
length 62.5 % of total length. “hen compared with
4.87 mm vostlarva, pismentation in this stage appeared
much reduced, with onlv a few spots in postonercular
region; one behind nectoral fin and two 3 little
behind it.
9 mm (Fig 9):- Apart from increases in length and
breadth of body, the vrogressive
changes noted in this stage were development of dorsal,

caudal and anal fins, increased pigmentation and

development of minute conicel teceth on mexilla.
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Dorsal and anal fins cxicnded between 24th and 30th and
between 3lst and 39th nmyotomes resnectively. Nine rays
could be counted in dorsal fin and 17 in anal fin.
Pigmentation consisted of black spots, one infront of
opercular cleft, two nosterior to pectoral fin snd a
group of six in foregut region. Therc werc two pigment
snots anteriorly and one vosteriorlv =bove midgut (region.
In anal region, onc¢ ~igment spot was prescant just above
vent. Provportions of nreancl znd precdorsal lengths in
relation to total length have decreased slishtly, to
71.3 % and 58.6 ¢ resnectively.
10.69 mm (Fig 10):~ In this stage further development
of fins and pigmentation could be
seen. Ten dorsal rays, twentyfive caudal rays and
sixteen anal rays were visible. Two pigments have
anveared at the base of lower caudal region, two infront
of overculum ventra%ly, two in pectoral region and a
series of four in foregut region. One larce vigment
was characteristic in midgut and another above anus.

Formation of pelvic fin was faintly indicated. Preanal
and predorsal proportions have decrcased to 66.6 ¢

and 54.7 ¢ in total length respectively.

(d) Systemstics

Identification of present early life

history stages as those of N.nasus was based on



PLATE TII

Figures 2 - 10. Eggs, larvae and postlarvae of Nematalosa nasus:

Figs 2, 3 and 4. Dggs in three stages of development; Fig‘5-
Newly hatched larva; Fig 6. 4 mm larva; I'igs 7 - 10. Postlarval
stages; Fig 7. 4.87 mm; Pig 8. 6,78 mm; Fig 9. 9 mm; and

Pig 10. 10.69 mm.

Figures 11 - 16. Eggs, larvae and postlarv%? of Sardinella

clupeJEdes: Figs 11 and 12. Lggs in two stages of developmenﬁ% \

Figs 13 and 14. Larval stages, FPig 13. 3.65 mm; Fig 14. 4.5 mm;

Figs 15 and 16. Postlarvae, Fig 15. 10.27 mm; and Pig 16. 1318 mm
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circumstantial evidence of coincident occurrences of
the cggs and postlarvae in plankton and mature as well

as spent specimens in inshore fish catches at Porto Novo

during February and March 1978 as well as on disgnostic

characters of the stages reared in the laboratory ané
collected from plankton. Delsman (1926 d) has
considered certain eggs as belonging to Dorosoma

chacunda and D.nasus (N.nasus). ILater (1933 b), based

on more valid and adequate data, he rcvised his

earlier contention and assigned the former egs to

Clupeoides lile and the latter to D.chacunda. ZRggs of
D.chacunda which also belongs to the same Subfamily as
E&g@§g§~ﬂ&§é'a diameter of ahout 1 mm, contsin 6 - 12
oilglobules and well developed embryos show pigmentation
(Delsman, 1926 d3 1933 b). 3ut for these similarities,
the early larvae obtained from the ecas of N.nasus can
very well be differentisted from those of D, chacunda
in having only 35 preanal myotomes as acainst 37 in
the early larvae of the latter(Delsman, op.cit).

The 3.072 mm, 4.0 mm and 4.87 mm larvae obtained
presently by rearing the eggs-have 35 preanal and 10
pvostanal myotomes, the total number 45 corresponding

with adult condition, as against 41 in D.chacunda.

Devanesan and Chidambaram (1941) assisned certain

eggs to Anodontostoma chacunda(D.chacunda) collected
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from south-west coast of India. But, the newly-hatched
1arva from the above egg was stated to have 35 preanal
and 12 nostanal myotomes snd 4.35 mm vostlarva 25
preanal and 22 postanal myotomes. The carly larva
obtained from certain cggs assiened by Chacko (1950) to
A.checunda from south-cast coast had only 26 preanal
myotom:s, Number and disposition of nyetomes din the
larvae described by Devanesan and Chidambarem (1941)
and Chacko (1950) are different from the larvae of
D.checunda described by Delsmen (1926 d; 1933 b).

Zgos of N.nasus can be distinguished from

those of 3ardinella spp (Delsman, 1926 c; Nair,R.V.,

1360 =3 Bensam, 1970) in hsving a narrow perivitelline
space and 8 - 9 oilglobules, Zggs of Thry$sa spp

do not contain oilglobule and those of Stolephorus

are elliptical (Dclsman, 1929 a; 1931 2). Eggs of

Kowala coval(Clupeoides lile) asre smaller in size(0.77-

0.82 mm), have a wider perivitelline snace than in
the cggs of N.nasus and contain 3 to 20 smnll
oilglobules (Delsman, 1926 d; 1933 b; IN2ir,R.V., 1952 a).
In these characters the czgs of N.nasus are distinct
from those of allied speccies.

Kowtal (1970) first identifiecd the free
ecgs of N.nasus. The ripe, unfertilized eges tollected

and preserved by him in 4 ¢ formalin ranged in
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diameters from 0,73 to 0.95 mm and contained 3 to 9
oilelobules of 0.034 to 0,085 mm, FPlenktonic eggs
collected by him ranged in disme’ers frem 0,91 to 1.17
mn and hed 8 ta 9 oilglobules of 0,034 to 0.085 mm
diameter. Kowtal (op.cit) has alsc given on account of
larvae measuring 2.5 mm(newlv hatchaed), 3.46 mm(12 hrs);
one day old =snd two days old stages., The 31.072 and 4.0
mn larvae in the prcesent study are commaralile to 2.5 and
3,46 mm stages given by him. Apart from difference in
length, the former differ from the latter im the
presence of vpigmentation only. Two dave oll larvae
obtained by Kowtal measuring 3.3 mm may be compared to
4,87 mm in the present account. The basic dAifference
between the two is that in the former the snus has made
a forward movement covering two mvotomecs, while in the
latter the anus was situated still at the 35th myotome.
The lest three postlarvel stagces in
the present account have 30 preanal 2md 15 postanal
myotomes, the number and dismosition e¢orresponding to
adult vertebral condition. Bensam (1971 b) described

five vostlarval stagzcs of closely related Anodontostoma

chacunda, which differ from the postlarvae of N.nasus

in the number and disposition of mvotemes. Also, in

A.chacunda the caudal fin shows indication of its

bifurcation at 8.7 mm itself, but in N.nasus only
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4
at 10.69 mm. Apart from these, differencc is also seen

in piesmentation of the postlarvac of the two soecies.
Among various clupneoid fishes found
at Porto Novo, apart from species such as Sardinella
albella and S,sirm which have only 42 or 43 vertebrae,
S.fimbriats may be g2id to possess a vertebral number
(45 - 47) which might overlap the vertecbral number of
N.nasus(45). 3ut, the larvae assigned to S.fimbriata
(Cluves fimbriata) by Delsman (1926 c¢) show 40 presnal
nyotomes whereas in early larvae of N.nssus number of
preznal myotomes is only 35 and in later stares it
becomes gtill legser, to 30, Preanal myotome number
Delsman (op.cit) ranged from 39 in 5.5 mm to 34 in 22 mm
and 27.5 mm stages., Thus, postlarvae of N.nasus cam be

well distinguished from those of S,.,fimbriata and a few

other species by the lesser preanal mvotomes. In the
postlarvae of S.gibbosa on the other hand (Bensam, 1970),
33 preanal and 12 postanal myotomes are present in

4,26 mm and 5.36 mm stages and 30 preanal and 15

postanal in 6.72 and 17.30 mm specimens, the latter
condition being the same as in the vostlarvae of N.nasus
described here. In the nostlarvae of S.gibbosa,
pigmentation is in the form of a series of chromstophorcs

from pectoral region upto anus while in the postlarvae
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of N.nasus pigmentation consists of only a fcw snots in
foresut region and one or two in mid- znd hind-gut regions.
Besides, indication of bifurcation in condal fin can be
recognized in 7.7 mm stage of S.zibhosa, but only in

10.69 mm nostlarve of N.nasus. Postlarvac of S.dayi
(Bensam, 1973) can be diffcerentiated from those of

N.nasus in having 34 preanal and 12 nostanal myotomes,

In the course of present work a few noctlarvae of

S.fimbriata vere also studied (vide: 3., 2. 4) and these

shoired Aifferences in disposition of myotomes and
nattern of pigmentation from the »nressent material.
Postlarvae of N,nasus may be

distinguished from those of Chanos chanos (Delsman,

1926 f3; 1929 b) in having a crossed errangement of
muecle fibres as against a parallel one in C.chanos.
Presence of a series of mid-lateral nigments in

the postlarvac of Chanos and the number as well as
disposition of myotomes are of diagnostic value in

separating the larvae and postlarvae of these two.

3. 2, 2 Sardinella clupeoidcs (Blecker)

Sardinells clupeoides is a little

known sardine although it is videly distributed in

s iiliaRis - N2 5 Y
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the Indo-Pacific area including south-east Asian region
(Whitehead, 1972). From Indian coastal waters it was
reported from both south-east and south-west areas
(Bennet, 1965). This species has a strong similarity

to S.leiogaster; but could be distinguished from it by

the fact that its body depth is 24 - 27 % in standard
length, number of lower gill rakers is 26 - 30 and
dorsal fin origin is slightly nearer to snout than to
caudal lobe, as against body depth 22 - 24 % in
standard length, number of lower gill rakers 31 —-36
and dorsal fin origin equidistant between snout and

caudal lobe in S,leiogaster (Whitehcad, 1972). Not much

is known of the fishery potential of this species, but
it was observed in a few numbers in sardine fishery at
Tuticorin during 1965 - 1977 and at Porto Novo during
1977 -'78. Nevertheless, it is as much commercially

important as the allied species S.sirm, S.leiogaster,

cte, Till now no information was published on early
1life history stages of this species., As such, the
present section on a couple of stages in its embryonic
development and a few larval and postlarval stages
obtained by hatching eggs in the laboratory and
collected from plankton may be of interest.
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(a) Eggs (Figs 11, 12)

Eggs were collected on two occasions
from plankton off Porto Novo, 1 -2 -'78 and 14 -4 -'78.
They were pelagic; spherical, transparent and ranged jn
diameters from 0.913 to 0,956 mm. Yolk was spherical,
colourless and vacuolated with diameters ranging from
0.505 to 0.526 mm. A large perivitelline space was
present and yolk did not contain oilglobule. Two
stages in embryonic development were available: In an
carlier stage with embryo faintly indicated bearing
optic vesicles ( Fig 11 ); in a later stage embryo was
fully formed with a well defined head and tail, the
latter partly free from yolk, Embryo and yolk were

devoid of pigmentation.

(b) Larvee (Figs 13, 14)

By rearing eggs in the laboratory, two
stages in larval development were obtained, earlier one
by rearing an egg collected on 1 -2 - '78 and a later
stage collected on 12 -4 - '78, In the former measuring
3.65 mm (Fig 13), judging by the fact that it has
hatched during the night of 1 / 2 -2 -'78 and
examined on the morning of 2 -2 - '78; it may be said
that the larva might not be more than about six to ten
hours old. Body was elongated with an uniform depth
except at head region and yolk. Head was partly bent



62

over yolk and there were 38 preanal and about 5
postanal myotomes, The larve was devoid of pigments.

| A more advanced larva obtained by
rearing a similar egg hatched out during the night of
12 / 13 -4 -'78 and examined on the morning of
14 -4 -'78 and calculated to be about twentyfour hours
older than the previous one measured 4.5 mm (Fig 14).
The most important change observed was appearance of
pigmentation in the form of two scries of spots along
alimentary canal, one above the other. The lower
series was almost continuous from bchind yolksac till
vent and the upper one was discontinuous in midgut
region. A pigment spot was present above the vent in
mid-lateral region and a partly branching pigment about
half way in postenal region. Besides, eye capsules
showed beginning of pigmentation and a partly branching
pigment was present in snout region. Yolksac was very
much reduced; but mouth was not yet formed. There
were 43 myotomes of which 37 were preanal and 6
postanal, indicating a forward movement of vent
covering a single myotome, Preanal length was 82.3 %

of total length,

(c) Postlarvae (Figs 15, 16)

10.27 mm (Fig 15):-~ Datc of collection was 1 -2 -'78,
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Body was elongated and larval finfold was absent,
Jaws have developed, upper one with minute conical tecth
and lower one slightly longer than upper. Pectoral fin
has developed as a membrancous fan shaped structure and
eyes have become black pigmented. In the foregut four
vigment streaks and in lower caudal region three pigment
spots were present, Dorsal fin has developed between
24th and 34th myotomes with about nine rays. Caudal fin
was somewhat club-shaped with about twelve rays. Anal
fin was indicated as a triangular formation behind vent.
Preanal length was 81.4 % and oredorsal length 56.6 %
of total length. There were 37 preanal and 6 postanal
myotomes,
13,18 mm (Fig 16):~  Date of collection was 10 -2 -'78,
Body has become somewhat
cylindrical, head somewhat pointed and caudal fin forked.
About 14, 20 and 14 rays could be counted in dorsal,
caudal and anal fins, Beginning in the development of
pelvic fin was discernible as a small bud at the end
of foregut. Mid- and hind- guts showed dorsoventral
foldings of inncr cepithelia. Pigmentation consisted
of a short series of black spots in forecut, a few
pigments at base of upver and lower caudal lobes and a
single black pigment above vent. Freanal length has

become decreased to 76.3 ¢ and predorsal length to
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55.5 % of total length. Disposition of myotomes has
changed due to further forward shifting of vent,

resulting in 35 precanal and 8 postanal.

(d) Systematics

The present eggs and postlarvae were
available in plankton from February to April 1978; and
mature as well as partly spent specimens were collected
at Porto Novo during the same period. Mature specimens
examined have rcvealed that just before ripeness ovarian
ova renged in diameters from 0.45 to 0.51 mm. In sardine
eggs, at mature and ripe conditions egg capsule and
perivitelline space are absent; and only after the ova
come into contact with water that the ecgg capsule
develops and gradually incrcases in size, thus giving
rise to perivitelline space(vide: Miller, 1952). The
size of yolk and its other characters in early stages
of development remain the same as that of ripe ova;
and hence similarities in size, shapc and other
characters between ripe ova and yolk of eggs in early
stages could be of diagnostic value. DBased on such
considerations, the present eggs could be assigned to

S.clupcoides. This was confirmed by the number and

disposition of myotomes in larvae hatching out of
the eggs as well as in postlarvae collected. In 3.65

and 4.5 mm larvae obtained by hatching out eggs in the
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laboratory, there were 38 preanal and 5 postanal as well
as 37 preanal and 6 postanal myotomes respectively,
making a total of 43. In adults of this species
examined at Porto Novo there were 28 to 29 preanal and
14 to 15 postanal vertebrae; making a total count of 43,
as also found by Delsman (1926 c). It may be noted in
this connection that disposition of myotomes in larval
and postlarval development of Clupeiform fishes undergoes
a change consequent on forward movement of anus.

Delsman (1926 c) while commenting upon

certain unidentified eggs, "e and f", opined that they

might belong to Clupea cluveoides, C.sirm or C.
longiceps. Of these, "f" mcasured 2 mm with dismeter
of yolk amounting to 1 mm and an oilglobule was absent
in it, John (1951) assigned certain cggs mcasuring 2.12

mm and without oilglobule and larvae having 37 preanal

and 6 postanal myotomes from Madras coast to Sardinells

sirm which showed similarities to egg "f* of Delsman
(1926 c¢), thus indicating that the latter was only that
of S.sirm. The egg "e" dealt with by Delsman (op.cit)
measured about 1.75 mm and contained 4 - 6 small
oilglobules. 1In the absence of adequate data it is
rather difficult to comment upon the identity of the
above egg; but, it may be vointed out that in the eggs

of Sardinella an oilglobule may be cither absent or
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usually only one may be present. As such, the
possibility of cgg "e beclonging to a species of

Sardinella is rather doubtful,

Eggs of S.clupeoides could be differentiated

from those of S.fimbriata (Delsman, 1926 c¢) by the fact

that in the lattcr the diameters ranged from 1.4 to 1.55
mm and yolk measured about 0.8 mm with an oilglobule of

0.1 mm, The ecggs assigned to Clupea leiogaster by

Delsman (op.cit) varied from 1.42 to 1,63 mm with the
yolk measuring about 1 mm; and they did not contain an

oilglobule, Eggs of C.perforata (S.albella, vide:

Whitehcad, 1972) (Delsmen, 1933 e¢) did not cxceed 1.1 mm
and had contained an oilglobule of 0.075 mm. Eggs
assigned by Nair,R.V,(1960 a) and UNDP/FAO( 1976 a)to

S.longiccps arc much larger ond had an oilglebule.

Similarly, eggs of S.gibbosa (Bensam, 1970) were
smaller in size measuring 0.589 to 0.749 mm, yolk

mcasured 0.577 to 0.599 mm and had an oilglobule.

Such characters could be utilized to scparate the eggs

of S.,clupeoides from those of other species of

Sardinella, described so far,

Nair;R.V. (1960 a) whilc commenting on
the eggs identificd by John (1951) as of S.sirm and
by Chacko and Mathew (1956) as of S.albella appears to

have treated Clupea leiogaster and S.sirm as synonymsj
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and this author as well as Bensam (1970) treated C.

brachysoma and S.zlbella as synonyms. But, the recent

work of Whitehcad (1972) shows that Clupea brachysome

(Sardinella brachysoma), S.sirm and 5,lciogaster are

scparate species and that only C.perforata is synonymous
with S.albella. As such, identification of certain cggs
by John (1951) as of S.sirm and by Chacko and Mathew
(1956) as of S.albella conld be fairly corrcct.

The 3.65 and 4.5 mm larvae of S.clupcoides

could be compared to similar stages of S.fimbriata, S.

leiogaster, S.sirm, S,albella, S.longiceps and S.gibbosa

(Delsman, 1926 ¢ 1933 c; John, 1951; Nair,R.V., 1960a:

Bensam, 1970; UNDP/FAO, 1976 a). Larvae of S.clupeoides

could be distinguished from those of S.fimbriata, S.

albells, S,longiceps and S,gibbosa in the absence of an

o

oilglobule, The 4.5 mm larva of S.clupeoides has many

features in common with a similar stage given by Delsman

(1926 ¢, Fig 17)as of S.leiogaster; but pigmuntntion in

S.clupeoides appears to be morc and the number of preanal

myotomes is one less than in S.leiogaster. In the larva

obtained from egg “f" assigned to S.sirm (vide: John,
1951}, numﬁcr of preanal myotomes was considerably more,
amounting to 39 in 5 mm stage. In 3.4 and 3.6 mm larvae
of S.longiceps reportecd by UNDP/FAO (1976 2) there are

40 - 41 preanal and about 7 postanal myotomes. BSuch
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features could be used to distinguish larval stages

of these gpecies.
Based on the stage of development of
caudal fin and other features of developmental

sequences, 10,27 mm postlarva of S.clupeoides could be |

compared to 5.36 and 6.72 mm stages of S.gibbosa(Bensam,

1970). The distinct feature of difference between the

two was the lesser pace of development in S,clupeoides

than in the other. Preanal myotomes in S,clupeoides

is 37 while in S.gibbosa it is only 33. A comparison
of 13.18 mm postlarva of the former with 9.92 - 13.45 mm

stages of latter similarly reveals a higher preanal
myotome number in S.clupeoides (35) and lower number
in S.gibbosa (30). Also, the comparison shows lack of
pigmentation at the base of upper caudal lobe in the

postlarvae of S.clupeoides. But for progressive

development of pelvic fin, 18.7 mm postlarva of S.dayi
(Bensam, 1973) could be compared to 13.18 mm stage of

S.clupeoides; and distinguished from each other by

difference in disposition and number of myotomes, which
is 34 preanal and 12 postanal in S.dayi but 35 preanal

and 8 postanal in S.clupeoides. Postlarvae of

S.longiceps described by UNDP/FAO0 (1976 =) ranging

from 4 to 17.6 mm contain 38 - 40 preanal and 7 - 9

postanal myotonmes,
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3. 2. 3 Sardinella sirm (Walbaum)

Sardinella sirm is one of thc three species

belonging to the subgenus Amblygaster, the other two

being S.cluncoidcs and S.leiogaster (Whitchead, 1972).
This species could be easily distinguished from the
other two in having a series of ten to twenty dark, blue
spots along the flanks., It is widely distributed in
Indo-Pacific; and in India it is often found in
fishermen's catches of sardinos; particularly along
south-cast coast, Notes on general biology of the
spceies are given by Nair,R.V.(1960 b), Ronguillo(1960);
on age and growth by Gnanamckalai (1964) and eggs and
carly larvae by John (1951), No information is

available so far on postlarval devélopment of this fish.

(a) Postlarvae (Figs 17 - 19)

10.46 mm (Fig 17):~ Date of collection was 30 -9 -'77.
Head was 6.3 and body depth 8.3
in total length, body depth being almost uniform but
for postanal region and head. Lower jaw wes slightly
longer than upper which had a few conical teeth. Two
pigment spots were present in auditory rcgion.
Pectoral fin was semicircular with indications of rays.
Dorsal fin has developed between 24th and 29th prcanal

myotomes, with about 15 rays. A pigmcnt spot was
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noticed asbove anal region. Anal fin has developed

between first and scventh postanal myotomes with

indications of about twelve rays. Coudal fin was

prominent and forked, with about 18 rays. Preenal

length was 69.6 % and predorsal length 54.2 % of total

length. There were 42 myotomes, 31 preanal and

11 postanal.

13.47 mm (Fig 18):~ Date of collection was 15 -9 -'78.
Apart from incrcase in length, the

significant changes noted in this stage over the previous

were an increase in pigmentation, development of ventral

fin and change in disposition of myotomes. Head and

body depth have become more prominent, being 4.1 and

7.8 in total length respectively. The two pigment spots

observed in suditory region earlicr have become more

prominent and a pigment has appeared in the region of

isthumus. A series of five pigment strcaks has

appeared in post-pectoral region. Thc anal pigment

has become more prominent end infront of it four sunken

pigments have appcared. In postanal rezion therec was

a partly branching chromatophore at middle of anal fin,

a sunken pigmented area bghind it and one sunken pigment

each above and below the end of vertebral column.

At the base of lower caudal lobe there was a group of

pigments. Pectoral fin has become more prominent
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and pelvic fin was indicated with about six rays.
Dorso-ventral foldings of inner wall of alimentary canal
could be seen prominently. Dorsal and anal fins have
become more prominent, with about 15 and 16 rays
resvectively., About 20 rays could be counted in caudal
fin. Preanal and precdorsal proportions have decrcased
to 68.3 9 and 52.2 % of total length respectively.
There werc 28 precanal and 14 postanal myotomes.
14,14 mm (Fig 19):- Datc of collecction was 30 =7 ='77.
This stagce did not show much
change from the previous one. There was a slight
incrcase in pigmentation in foregut region and a zone
of pigments has appeared in midgut region. Preansl and
predorsal proportions have become further reduced to
66 % and 50.6 % of total length respcetively. Number

and disposition of myotomes remained the same as in

previous stage.

(b) Systematics

Among the many species of Sardinella,

S.sirm alone has a vertebral number amounting to 42,

while S,leiogaster and S.clupeoides have 43 each.

i s e a e —

orescht thesis (vide: 3. 2. 2) may be considered to be

of a comparsble length as 10.46 mm postlarva of S.sirm.

Apart from the considerably less advanced developmental
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sequence of the former as may be secn from more slender
body, club shaped camdal fin, etc, the number of prcanal
myotomes in the former was 37 while in the latter it

was only 31, Similarly, 13.18 mm vostlarva of S.
clupcoides comparable to 13.47 mm stage of S.sirm,
differs from it in having 35 prec=nal myotomcs as against
28 in the latter. Also, thc shorter scries of
vigmentation in foregut region, prescnce of sunken
pigments in hindgut behind anal fin and absence of
pigmentation at the base of lower caudal lobe could be
uscd to segregate the two comparsble stages. Besides,
pelvic fin in the postlarva of S.sirm was fairly well
developed when compared to the condition in

3.clupeoides.

Delsman (1926 ¢, Figs 28 - 30) described
certain postlarvac and cxpressed the opinion that
based on number and disvosition of myotomecs they could

be assigned to S.fimbriata. -Total number of myotomes

in these as well as in 9, 11.5 and 16 mm postlarvae
described by Delsman (op.cit),: ranging from 43 to 44,
suggests that these probably.belong to = clupeoid
specics having a similar number. of vertebrae such as

Sardinella brachysoms, S.leiogaster, S.clupcoides,

Hilsa kanagurta, H.kelee, ectc,: John (1951) appecars

to have identified the eggs of S.sirm from Madras,
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The larva hatching out of the egg is comparatively
large measuring 6.5 mm with 37 preanal and 6 postanal
myotomes., Even in 24 hours old stage the number and
disposition of myotomes remained the same as above,

In its developmental sequence, the 10,46 mm
postlarva of S.sirm could be compared to 11 mm postlarva

of S.fimbriata (Delsman, 1926 ¢) and 9.92 mm stage of

S.gibbosa (Bensam, 1970)., The distinct character by
which the postlarva of S.sirm could be separated from

the other two is the number and disposition of myotomes;
which is 31 preanal and 11 postanal in S,sirm, 33 preanal

and 13 postanal in S.fimbriata and 30 preznal and 15

postanal in S.gibbosa. Apart from this, a series of
pigments was obscrved in the anterior part of alimentary

canal in S.fimbriata but an almost continuous series

in the whole region of it in S.gibbosa. The 13,47 and
and 14.14 mm postlarvae of S.sirm comparable to 13.45
end 18.70 mm postlarvae of S.gibbosa (Bensam, 1970) and
S.dayi (Bensam, 1973) respectively differ from them in
the number as well as disposition of myotomes. Also;

the 17.72 mm postlarva of Kowala coval (Bensam, 1971 a)

and 12,8 and 15.57 mm postlarvac of Anodontostoma

chacunda (Bensam, 1971 b) could te distinguished
from 13.47 and 14.14 mm stages of S.sirm in that there

are 28 preanal and 12 postanal myotomes in K.coval
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and 30 preanal and 11 postenal myotomes in A.chacunda,

as against 28 preenal and 14 postanal myotomes in S,sirm.
In having a lower number of myotomes,
postlarvac of S.sirm might resemble those of Thryssa

end Stolcphorus (Delsman, 1929 a; 1931 a); but, the

former could bec casily distinguished from the latter
cases in that in =dvanced postlarval develooment post-

larvae of Thryssa and Stolephorus would have only 17 to

24 preanal myotomes ressmbling adult condition. Besides,
at advanced developmental stages the mouth in Thryssa

and Stolephorus would have assumecd the characteristic

inferior position with a promincnt snout, rather than
the feature noticed in sardines with lower jaw

surpassing uppecr.

3. 2. 4 Sardinella fimbriata (Valencicnnes)

Popularly called 'fringe-scale sardine', .
this is another clupeoid widely distributed in Indo-
Pacific and contributing to fisheries of some importance
in many maritime localities. In India it is found in
gardine catches along both cast and west coasts.

General biology of this species is dealt with by

Nair,R.V.{1960 b), Ronguillo (1960) and Radhakrishnan
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(1967). Delsmen (1926 c) has described cggs, larvae

and postlarvae presumed to be of this species from Java
coast. Notes on juveniles are given by Dharmamba (1967).
A perusal of litcrature showg‘that so far no
comprehensive account of its eggs =and larvae wes
reported from India; as such, an account of the same
based on material collccted at Porto Novo is given in

the present section,

(a) Eggs (Figs 20 - 23)

Bggs identified as of S.fimbriata were

collccted on a single day, 4 -4 -'78 from plankton,
They were pelagic; spherical, transparent 2nd varied

in diemeters from 1.36 to 1l.41 mm, Yolk was vacuolated
and ranged in diameters from 0.80 to 0,89 mm. A single
golden yellow oilglobule of 0.102 to 0.109 mm diameter
was present. Perivitelline space was wide.

Four stagcs in embryonic dcvelopment were
observed in the collcctions., In the carlicst one
examined at 7.30 hr (Fig 20) cmbryo was not vet
indicated, but blastoderm was growing over yolk mass.
In the next stage studied at 09,00 hr (Fig 21), cmbryo
was indicated, optic vesicles were formed and a few
myoscpta could be made out in anterior rcgion. In
another egg observed at 13.00 hr (Pig 22) cmbrvo vas

fairly wecll formed, optic cepsules have developed

* Bapat(1955) and Venkstaramanujam(1975a) assigned eggs almost
similar to the present ones to this species, But, adequate
information on development and systematics, including postlarvae
from India is not available.
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but tail rcgion was not fully indicated. In still
another egg at 16.00 hr the same day (Fig 23) tail
region was in =2 morc advenced stagc of development and
auditory capsules could be secn. None of the eggs
rearcd in the leboratory hatched out the next day; but

were found in dead condition.

(b) Postlarvac (Figs 24 - 26)

11.43 mm (Fig 24):- Date of collection was 23 -10 ~'77.
This stage had an 2lmost uniformly
elongated body but for snout and postanal region.
Larval finfold has discvpesrcd, lower jaw was a little
longer than upper jaw which was provided with a few
conical teeth., Pecctoral fin remaincd as a membraneous
fan shaped structure bchind opercular region. Dorsal
fin has appearcd as a triangular structurc above 27th to
36th prcanal myotomes, far behind middle rcgion of body,
with about 11 reays. Caudal fin showed an early stage
of bifurcation, with about 20 rzy clecments. Anal fin
with rays not guite distinct has dcveloped below 1lst to
5th postanal myotomcs. Thecre was a series of black
pigment strcaks above alimentary canal, covering almost
all of its length. In midgut region and above anus
the strecaks were more prominent. Threc pigment spots
werc present ventrally towards the cnd of foregut and

a singlec one near vent. In caudal fin a few black

i - i
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pigment streaks wcre observed at the base of lower
caudal lobe and a couple of spots in middle region.
Preanal length was 88.5 % and predorsal length 58.7 %
of total lecngth. There were 39 preanal and 7 postanal
myotomes, the total number corresponding to adult
vertebrasl condition.
12.3 mm (Fig 25):- Datc of collection was 18 -2 -'78.
Apart from a littlc increase in
length registered over previous stage, the principal
change noted in the prescnt one was the movement of
pigments in mid- and hind- gut regions to 2 ventral
position. But pigments above vent and the series above
foregut region rcecmained in the same position as in
previous stage; and pigmentation in caudal fin has
become more prominent. About 15 and 20 rays could be
counted in dorsal and caudal fins. Pelvic fin has not
yet made its apoearance. Preanal length was 76.4 ¢ and
predorssl length 57.7 % of total length. Number and
disposition of myotomes in this stagc rcmaincd the same
as in previous one.
21.5 mm (Fig 26):~ Date of collection was 5 -8 -'77.
Body has become more massive and
deeper. Dorsal fin has moved con-iderably forward,
occupying almost middlec rcgion and it contained about

21 rays. There were about 36 ray clements in caudal
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fin snd about 21 in enal, Ventral fin has made its
appearance in the form of about six rays st the end of
foregut region. Pigmentation was mostly in the form of
black spots along ventral side of body, at the basc of
upper 2nd lower caudal lobes and at the basc of lower
caudal pedunclc. In head region there was a sunken
pigment behind eye ~nd another one infront of operculum.
Inner wall of mid- and hind- gut showed dorso-ventral
foldings. Prcanal length was 67.7 % and predorsal
length 46.8 ¢ of total length. Disposition of myotomes

has changed to 33 preanal 2nd 13 postanal.
(c) Systematics
The only other sardine which has an overall

cgg diameter similar to that of S.fimbriats®is S.longiceps.

At Porto Novo this species was not observed during the
present study, thus minimising the possibility that these
eggs could be of the latter species. Besides, size of

yolk in the eggs of S.longiccps should not be less than

1 mm (Devanesan, 1943) while it is only in S.fimbriata

that the yolk is gbout 0.8 mm in diameter, as observed
by Delsman (1926 c¢) also. Fggs assigned by Delsman

(op.cit) to Clupca (Sardinella) fimbriata ranged in

overall diameters from 1.4 to 1.55 mm with yolk of about
0.8 mm diameter and oilglobule of about 0.1 mm.

Delsman (op.cit) has confirmed his identification

T ——————————— —— —— - —— -

eggs almost similar to the present ones and assigned
them to S.fimbriata.
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by pointing out similarities in vertebral number of
adults and myotomc number of larvae hatching out.

Eggs of Clupca perforata (Sardinells albells, yidc:

Whitehead, 1972) described by Delsman (1933 c) were of
1.1 mm diameter, yolk measured about 0.57 mm in diameter
and the colourless oilglobule was of 0,075 mm diameter.
Eggs of S.albella studied by Chacko and Mathew (1956)
ranged in overall diemecters from 1.0 to 1.2 mm, yolk
measured 0.94 to 0.98 mm and oilglobule measured 0.1 mm,
Eggs of another closely allied speciecs, Sardinclla
jussicu (S.gibbosa) (3ensam, 1970) werc of 0.589 to
0.749 mm in overall diameter, yolk measured 0.577 to
0.599 mm and oilglobule measured 0,12 mm., In view of

these distinet differcnces smong the cegs of species

related to S.fimbriata, there does not apocar to be
adecuate pround for ocucstioning the identity of present

cggs 28 those of S.fimbriata.

Although thc attempt to hatch out the cggs
in the laboratory did not meet with success, the three
postlarvae provide somec stages in further development of
this fish. Thc 5.5 mm postlarva assigned by Delsman
(1926 c¢) to this species contained 39 preanal and shout
8 postanal myotomes., The 7.7, 11, 13.5 and 14.25 mm
postlarvae described by Delsman (op.cit)e contained

only 31 to 35 prcanal myotomes and 9 to 12 postanal
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myotomes; and, as stated by him, total number of
myotomes in these do not correspond with adult vertebral
muuber, thus pointing out that thcse could not belong to

S.fimbriata. But, 22 and 27.5 mm postlarvae described

by Delsman (op.cit) had 34 preanal and about 12 or 13
postanal myotomes, total number corresponding with
adult vertebral number and thus confirming his
identification,

Among postlarvae in the present account,
21.5 mm stage could be compared to 22 mm larva described
by Delsman (1926 ¢). There were 33 preanal and 13
postanal myotomes in former and 34 preanal and 12 - 13
postanal in latter; and the total number as wellas general
disposition of myotomes in the two agrec with cach other.
Also, but for presence of preventral pigmentation in the
former, the general pattern of pigmentation appears to
be the same in both cases. It may be noted in this
conncction that in 27.5 mm postlarva described by
Delsman (op.cit) preventral pigmentation appears to
be absent.

In total number of myotomes, postlarvae of

S.fimbriata may be said to resemble those of S.gibboesa,

S.dayi and S,longiceps, the vertebral numbers of which

are 44 - 46, 46 and 46 - 48 respectively. Of these,

11.43 mm postlarva of S.fimbriata in the same
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developmental scquence as 9.92 mm stage of S.gibbosa
(Bensam; 1970) differ from each other in that in the
former there are 39 preanal and 7 postanal myotomes

while in the latter there are 30 precanal and 15 postanal
myotomes, The former, cven if comparcd to 13.45 mm
postlarva of S.gibbosa shows difference in disposition

of myotomes, Also, bctween 21,5 mm postlarva of 3.
fimbriata and 22.24 mm postlarva of S.gibbosa (Bensam,
1970), the main feature of difference is number and
disposition of myotomes which is 33 preanal + 13 postanal

in S.fimbriata but 29 preanal + 16 postanal in S,gibbosa.

Between S.fimbrieta and S.dayi, 21.5 mm
postlarva of thce former may be compared to 18.70 and
20.25 mm postlarva of latter (Bensam, 1973). One fact
which appears striking is that in somc developing
featurcs postlarvae of S.dayi show a quicker pace of

development than those of S.fimbriata. For instance,

development of ventral fin in S.fimbriata appears to

be delayed becausc 12,3 mm stage comparable to 18.70 mm

postlarva of S.dayi does not show ventral fin at all.

Infact, only 21.5 mm postlarva of S.fimbriata which is
an advanccd stage almost reaching juvenile condition;
shows the sign of ventrel fin., And, but for development
of ventral fin, 18,70 and 20.25 mm postlarvae of S,dayi

m2y be said to be in the same stage of develooment as
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11.43 and 12,3 mm postlarvae of S.fimbriata. Also,

disposition of myotomes in postlarvac of S.dayi amounting
to 34 preanal + 12 postanal in 18.70 mm and 32 preanal +
14 postanal in 20.25 mm show a quickcr pace of

development than in S.fimbriata. It avocars from the

above facts that but for development of vcntral fin
and gquicker forward movement of vent, other general
developmental sequences in S,dayi appcar to be more

delayed than in S.gibbosa and 5,fimbriata.

Nair,R.V.(1960 2) has described eggs and

larvae assigned to S.longiceps. Yolk in the above eggs

is stated to be of an "avecrage dismeter of 0,85 mm",
whereas in gonadial Stage V condition a few eggs are
stated to "have become ripc and show a modal diamcter

of 51 - 52 micrometer divisions (1,00 - 1,02 mm)"; and

in Stage VI condition the ripe ovarian ova are stated

to have "a modal diameter of 49 - 50 micrometer divisions
(0.96 - 0.98 mm)*, Raja (1969) while dealing with ripe
ova of this spccics states the minimum dismeter as

0.90 mm and maximum as 1.23 mm, The prcsent writer had
during 1960 - 1964, found ripe ova of S.longiceps to

be of 1,01 to 1.19 mm in dismeter. As stated earlier,
in the development of sardine eggs, the ripe ova on
being shed into water, get hydrated and egg capsule

develops from the ovum and swells up in diameters;
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but the size of ovum forming the yolk remains the same
(vide: Southwell and Prashad, 1918; Joncs,S. and Menon,
1951 a; Miller; 1952) and is of diasgnostic value in
identification of vplanktonic eggs in carly stages of
development. Sizc of ripc ova of S.longiccps as given
by Nair,R.V.(op.cit) and others and the sizc of ovum
in planktonic eggs in carly develonment given by aim
arc different from each other. This contradiction
throws doubt on specific idcntity of the eggs and
larvae dealt with by Nair,R.V.(1960 a); and the cggs

described by him apvnear to belong to S.fimbriata and

not to S.longiceps. UNDP/FAO (1976 a) have given an

account of eggs of S,longiceps, with diameters in the
range of 1,02 - 1.4 mm. But, neither the size range of
yolk in carly dcvelopment nor figurcs of eggs gre given,
which could have facilitated a comparative study. In
their developmental sequence, 11,43 mm postlarva in
prescnt collceetions may be compared to 13.1 mm of S.
longiceps, given by the above authors. But, the former
differs from latter in having oniy 7 postanal myotomes
as against 8, 88.5 % of presnal proportion as against
only 81 %, only 12.7 % of head lcngth in total as against
16.6 %, appearance of bifurcation of caudal as against
club shaped condition and iess prominent pigmentation.

In 12.3 mm postlarva of S.fimbriata from the present



84

collcctions, pigment spots in mid- =and hind- gut regions
have occupied a ventral position whereas cven in 13,1 mm

postlerva of S.longiceps described by UNDP/FAO (op.cit),

pigments have still occupicd a dorsal position. Such
featurces can be uscd to scparate postlarvae of these

two species.

3. 2. 5 Sardinella albella (Valenciennes)

Like many other species of Sardinella,
this species is widely distributed in Indo-Facific and
supports coastal fisherics in many centres. Zarlier
work from India is on its fishery and biology by
Scekharan (1955) and Chacko and Mathew (1956), synopsis
of its fishery 2znd biology by Nair,R.V.(1960 b) on
maturity and spawning by Radhakrishnan (1961) and on
food by Sckharan (1971). Delsman (1933 c¢) has given
an account of its cggs and carly larvae from Java
coast; and in the present section a few of its postlarval

stages and an carly juvenile are described,

(a) Postlarvae (FPigs 27 - 29)

6.64 mm (Fig 27):~ Date of colliction was 30 =9 =*77.
This stage showed rcmnants of larval

finfold and body was fairly widc in middle, tapcring



85

gradually towards hcad region. dJaws appearcd somewhat
pointed, lowcr one longer than upper and the latter
with minute conical teceth. Eyes were pigmented black
and pectoral fin was membraneous 2nd secmicircular.
Dorsal fin has developed sbove 24th to 3jg# preanal
myotomes with indications of many rasys. Caudal fin was
rather paddle shaped with many rays under dcvelooment.
Pigmentation was rather snarsec and consisted of a spot
in oesophageal region, a group of three sunkcn ones
above midgut and three spots in hindgut region, two
abov: and one below, Prernal length was 84.8 4 and
orcdorsal length 62 % of total. There were 33 preanal
and 10 postanal myotomcs, total number corresponding
with 23dult vertebral numbcer.
8.45 mm (Fig 28):= Date of collection: 1 -10 -'77.
Larval finfold was much more
reduced in this stage than. in previous one. Body has
become somewhat strecamlined and caudal fin showed
beginning of bifurcation. Pectoral fin continued
to bc membraneous and semicircular. Dorsal fin' has
moved forward and occupied a vosition zbove 23rd to
29th preanal myotomes., Ansal fin was situated below
1st to 5th postanal myotomes. FPrecise number of rays
in nonc of the fins could be made out fairly well,

Pigmentation in foregut appearcd to have incrcased
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and was in the form of a scries of six spots. Preanal
length was 78.7 % and predorsal length 56.1 % of total
length. Number of preanal myotomes has decreased to
32 and of postanal myotomes increessed to 1l.
11,00 mm (Pig 29):- Datec of collection:lO -1C -'77.
This stage reprcsented a
transitional onc between ecarly vostlarvael condition and
later ones. The slender body of early postlarva has
changed to a dccp and more massive one.  Maxillary bone
was formed and pectoral fin still remaincd membranecous
and semicircular. Dorsal fin occupiled almost the same
level as in previous stage but 2nal fin has cxtonded
bclow 1lst to 7th postonal myotomes. Caudal fin has
becomec forked. There were about 11 dorsal and 20 caudal
rays, the latter showing 3 to 4 scgments. Number of
rays in pectoral and anal fins was not quite distinct.
There was some reduction in pigmentation of foregut
when compared to previous stage; but, a pigment has
appearcd in post-optic rcgion. Preanal length was
71.4 % and predorsal length 55.6 % of total lecngth.

Number and disposition of myotomes rcmsincd the same

as in previous stage.

(b) Juvenile (Fig 30)
A singlc carly juvenile stage measuring

19 mm was colleccted from mouth of Vellar Estuary on
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30 -9 -'77. Body has become much more massive and
assumed a sardine-like appearance, although the
characteristic morphometric featurcs of adults have
not yet becen formed. Pectoral fin has become somewhat
fan shaped and sbout 16 striations could be counted in
it rcoresenting elements of future rays. Dorsal fin
has moved much more forward than in previous stage and
occupicd a position above 19th to 28th presnal myotomes.
Caudal fin had about 40 ray-clements, most of which

2 - 9 segmented. Anal fin has become longer and showed
about 21 rays. Pelvic fin has developed, occupying a
level a little infront of level of origin of dorsal.
It contained about 6 rays. Pigmentation was in the
form of a sunken area behind eye, 2 continuous streak
behind pectoral, two small svots behind it, two large
branching chromatophores infront of pelviec region, a
sunken spot behind them, a series of three branching
chromatophores in anal rcgion, a sunken area behind
anal fin, four sunken pigments in caudal peduncular
region, onec branching chromatophore at the base of
upper caudal region, a few streaks at the base of
lower caudal and two pigmonts in upper caudal lobe
posteriorly. Preanal and predorsal proportions have
decrcascd to 62 % and 42.3 4 of total length

respectively. There was a further decrease in number
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of preanal myotomes to 29 and a corresponding increase
in postanal number to 14, the disposition approaching

adult vertebral condition of 27 preanal and 16 postanal,

(c) Systematics

As judgecd by presence nf mature and
spent spccimens in the fishery, S.albella was observed
to spawn off Porto Novo during April - May to September -
October. Delsmen (1933 c) ceme across certain eggs

smaller than those of Clupca fimbriata and assigned

them to C.perforata (S.albella, vide: Whitechcad, 1972).

Larvae hatching out of these eggs had 37 preanal and

7 to 9 postanal myotomes., Delsman (op.cit) while
dealing with vertcbral numbers of a sample of sardines |
from Java coast, divides it into three groups based on
number of postventral scutes and of vertebrae. In the
first group with 13 postventral scutcs, there are 26 to
27 preanal and 16 to 17 postanal vertebrac, whereas in
other groups vertebrae are more in number amounting to
a total of 45 to 46. Commenting on such a variation,
Delsman (op.cit) has doubted the presence of a related
species with a more number of total vertcbral counts;
and in this connection he has pointed out the urgency
of recxamining the question of number of sardine:
specics and/or races belonging to the genus Clupca

(Sardinella). In a rccent synopsis of various speccies

in this genus, Whitehcad (1972) lists 17 species as
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occurring in Indo-Pacific region, not to mention of
other gcnera considered under Clupea from this region
carlier. As such, snecific identity of eggs assigned
by Delsman (op.cit) may be questioncd, particularly
because of the prescncce of 44 to 46 myotomes in the- larvae
from them. Chacke and Mathew (1956) have given an
account of cmbryonic and larval development of S.2lbella
from south~-west coast of India. They have found 27
preanal and 3 postanal myotomes in ncwly hatched larva,
but 37 preanal and 5 postanal myotom.s in a nore
advanced stage, the total mvotome nunber aliost
amounting to adult vertebral number. UNDP/F20 (1976 a)
give a vertcbral number of 45 for both S.Timbriata and
S.albella from south-west coast of India as against 42 -
43 in samples examined at Tuticorin (Bensam, 1973) and
at Porto Novo, in south-cast coast. Hence, it remains
to be shown as to whether S.albella cccurring along
south-east and south-west coasts of India bLelong to
two different stocks with differcntial vertebral ranges,
Postlarvae of S.albclla could be compared

to those of allicd species described, viz., S.gibbosa

(Bensam, 1970), S.dayi (Bensam, 1973), S.clupcoidcs

(vide: 3. 2. 2), S.sirm (vide: 3. 2. 3) and S.

fimbriata (vide: 3. 2. 4). Number of myotomes in
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postlarvae of S,gibbosa, S.,dayi and S.fimbriata should

be much more than in those of S,albella, Thus, for
instance 6.64 postlarva of S,albella has 33 preanal

and 9 postanal myotomes while in 6,72 mm of S.gibbosa
there are 33 preanal and 12 postanal myotomes. Juvenile
stages of these species also exhibit differcnces in
number and disposition of myotomes: 19 m of S.albells
with 29 preanal + 13 postanal could be differcntiated

from 22.24, 28 and 21.5 mm juveniles of S,gibbosa,

S.dayi and S.fimbriata with 29 + 16, 34 + 12 and 33 + 13

myotome numbers respectively. S.sirm and S.clupeoides

have total vertebral number of 42 - 43; but, disposition
of myotomes differs with varying stages of development.
In newly hatched larva of S.sirm of 6.5 mm dealt with

by John (1951) 37 preanal and 6 postanal myotomes are
present, such a condition persisting even after 24 hours.
But, in 6,64 mm stage of S,albella disposition of
myotomes is 33 preanal end 10 postan2l., In S.

clupcoides also the early larva has 38 + 5 myotomess

and 10,27 and 13.18 mm postlarvae have 37 + 6 and 35 + 8
myotomes resnectively.
Among other clupeoids, postlarvae of

Kowala coval (Bensam, 1971 a) differ from those of S.

albella in having only 40 total number of myotomes and

postlarvae of Anodontostoma chacunda (Bensam, 1971 b)




91

in having only 41. Apart from this basic difference,
variations also do existein sequences of development.
In having 2 total of 43 myotomes the carly postlarvae

rescmble thosc of Hilsa kelce described by Rao,K.S5.(1973).

But, these two could be differentiated from one another
by the fact that in postlarvee of H.kelce continuous
series of pigments are present along dorsal as well as
ventral aspects of alimentary canal. Such a pattern

is absent in early postlarvae of S.albella.

3. 2. 6 Ilisha melastomsa (Schneider)

Ilisha melastoma has a widely recorded

distribution in Indo-Pacific, including Sri Lanka,
Andemans, Singapore, Sumatra, etc., In India it is

known to occur along both east and west coasts including

estuaries. No information is available so far on ecarly
development of this fish; and in the present section

2 few postlarvae arec described.

(a) Postlarvae (Figs 31 - 34)

5.61 mm (Fig 31):- Date of collection: 1 -2 -'78. The
specimen was in an early stage,
with remnants of larval finfold. Body was almost of

uniform depth except in postanal region. Mouth was
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well developed and somewhat terminal in position. Eyes
were pigmented black and pectoral fin was membraneous
and fan shaped. Caudal region was somewhat oval, without
indications of rays. Dorsal and anal fins werc not yet
indicated., Pigmentation consisted of threc spots in
foregut and two in hindgut. There werc 36 prcanal and
about 8 postanal myotomes. Prcanal length was 84.6 ¢
of total. From various early developmental features,
it was obéious that this stage was not much older than
a late larval condition.
8.67 mm (Fig 32):- Date of collection: 3 -1 -'78,
Body was clongated and larval
finfold has disappcarcd. A few minute conical tceth
have appeared in upper jaw. Dorsal fin with indications
of a few rays has appeared above 23rd to 30th prcanal
nyotomes and beginning of anal fin was discernible
behind vent. Caudal region appeared as a sort of
wedge shaped structure with indications of a few rays.
Pectoral fin has still remained membrancous and fan

shaped. A series of pigment spots was present above
alimentary canal and the pigment spot =2bove vent was
more prominent than others. As compared to provious
stage, anus has moved forward by a single myotome, with
35 preanal and 8 postanal counts. Preanal length has

decreased to 81.2 % and predorsal was 58.1 % of total.
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12,76 mm (Fig 33):- This postlarva as well as the next
one were collected on 10 -8 -'77.
Significant changes noted in this stage over the
previous were progressive development of anal, dorsal
and caudal fins and some change in pigmentation., Body
was elongated and slender and head has assumed a
gsomewhat globular shape. Pigmentation in midgut region
has partly disappeared, but in postenal rcgion a few
pigments have appeared along basc of anal fin and behind
it. In head, a single pigment was scen dorsally and
another ventrally infront of isthumus. In caudal fin
a small group of pigments was present at the base of
lower caudal rcgion. In dorsal, caudal and anal fins
about 16, 20 and 15 rays respecctively were present.
Ventral fin has not yet made its appearance. Preanal q
myotome number has decrcased to 31 and postanal increased to 12.
Prcanal and predorsal proportions have become further
decreased to 71.1 4 and 53.31 % of total length
respectively.
14,74 mm (Fig 34):- The notable changes observed in
this stage werc formation of
pelvic fin and progressive development of anal fin,
The former has appearcd as a projcction below 19/20
preanal myotomes region with a few rays directed

vosteriorly. Anal fin has become a considerably long
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trianguler structure with its base extending from behind
anus till lower end of caudal peduncle. About 18
developing rays could bc counted in it. There were

15 dorsal and 30 c=udal rays. Pectoral fin still
remaincd as a membrancous, fan shaped structurc, without
indicetions of rays. Pigmcntation consisted of A few
strcaks behind pectoral fin in forcaut region, a
prominent chromatophorc above vent, = large branching
one above hind end of anal fin, a sunken vpigment behind
it, three sunken ones in caudal vpeduncular region, two
above and one below urostyle and a few pigments at the
base of lower caudal lobe. Number and disposition of
myotomes continued to be the same as in previuos stage.
Preanal and predorsal lcngths have become still further

reduced to 68.5 % and 53.2 % of total respectively.

(b) Systematics

Number of vertebrae in adult I.melastoma

is 20 precanal and 22 - 24 postanal, with total mean
value at 43. This tallies with total number of myotomes
in the present postlarvae. Besgides, structure of anal
fin in advanced postlarvac with fin base extending from
bchind anus till the base of caudal rogion; thus
foreshadowing the condition in adults, serves to confirm

the identification. Postlarvae of Kowala coval (Bensen,
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1971 2) 2nd Anodontostoma chacunda (Bensam, 1971 b)

could be distinguished from those of I.melastoma in

having a smaller number of total myotomes namcly 40 and

41 respectively of which 28 - 32 are preanal and 8 - 12
postanal in K.coval and 30 - 31 preanal and 10 - 11

postanal in A,chacunda, as against 31 - 36 preanal and

7 - 12 nostanal in I.mclastoma.

In having 43 total myotomes, postlarvae of

I.melastoma may be said to rescmble postlarvae of such

specics as Sardinella clupeoides (vide: 3. 2. 2). The

8.67 mm postlarva of I.mclastoma may be compared to

10.27 mm stagce of S.clupeoides, Although postlarva of

the former is in 2 much less advanced stage of
development than that of latter, number of preanal
myotomes in I.mclastoma is only 35 but in S.clupeoides
it is 37. Similarly, 12.76 and 14.74 mm postlarvae of

I.melastoma when compared to 13,18 mm stage of S.

clupcoides reveals only 31 prcanal myotomes in the

former but 35 preanal in the latter. This is obviously
related to a morc rapid forward movement of anus in I.

- melastoma then in S.clupcoides and is also rclated to

future position of vent in the two cases, below 20th

vertebra in I.mclastoma but below 28th or 29th vertecbra

in S.clupcoides. However, in postlarvae of S.sirm

(vide: 3. 2. 3), 13.47 and 14.14 mm postlarvae show
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the position of vent below 28th myotome, pointing out
that the pace of forward movement of vent in this casc

is much morc guick than in I,melastoma and S.clupeoides.

Tn such cascs the eclongated structure of anal fin base
could be taken as a valid charactcr in separating
vostlarvae of I.melastoma from those of S.sirm.

Postlarvac of I.melastoma differ from those

of I.mcgalopters (vide: 3. 2. 7) in having a lower

number of myotomes. 8.67 mm of the former could be

compared to 9.18 mm of the latter. In I.melastoma therc

are 39 preanal and 11 postanal myotomes. Similarly,

14.74 mm postlarva of I melastoma differs from 14.45 mm

of I megaloptera in having 31 prcenal + 12 postenal

myotomes as against 37 preanal + 14 postanal in I,

megaloptera. Besides, the pace of development of anal

fin appears to be much more quick in I,melastoma than

in I.mcgaloptera.

Delsman (1930 a) has given a description

of eggs and larvae assigned to Pellona elongata, P.

amblyuroptera and P.ditchoa. Among these, Delsman

(op.cit) himsclf has stated that separation of P.

elongata and P.amblyuroptera as two distinct species

is very much doubtful. Of verious specific names given
by Delsman (op.cit) and based on the work of Whitehead

(1972), sbout scven species appear to be valid, namely
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Tlisha elongata, l.macrogaster, I.megalovtera, I.

pristigasteroides, I,melastoma, I.kempeni and Pellong

ditchela. Apart from descriptions of eggs and carly

larvae of I.elongata by Delsman (1930 a) from Java coast,

Uchida (1958 a) has given an account of eggs, larvae,
postlarvae and juveniles of this specics from Japan.
One significant fact noted in postlarval development of

I.clongata given by Uchida (gp.cit) is that although

preanal vertcbral number in this specics is only 20 -~
23, numbcr of preanal myotomes in postlarvae remains

as high as about 40 in 15 mm and about 36 in 17 mm;
thus showing that forward movement of anus to attain
adult condition in Ilisha is much delayed when compared
to other clupeids having a similar number of vertebrae.

For instance, in Opisthopterus tardoorc (Bonsam, 1968 b)

which has 50 vertebrae, prcanal myotome number becomes
30 in an carly postlarval condition itself, measuring
only 3.76 mm. As against this, 2 delayed forward
movement of vent is observed in I.megaloptera also (vide:
3¢ 24 M

In early larval stages assigned by Dclsman

(1930 a) to Pellona ditchoa (I.mclastoma, vide: Whitchead,

1972), myotome complement is 29 - 30 precanal and about
15 - 20 postanal., From thc account givcn by Dclsman

(op.cit), snother specics P,hoeveni ( Pellona ditchela,
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vide: Whitehcad, 1972) also occurs along Java coast
with 18 preenal and 24 - 25 postanal vertecbrae. Although

Delsmen (op.cit) assigned the above cggs and larvae to

P.ditchoa (I.melastoma), validity of this identification
is not brought out cogently because of overlapping range

of vertebrae in P.ditchela, I.melastoma and I,kampeni,

all of which secm to have occurrcd in Java ccast. It
mey be noted in this connection that Whitchead (1972)
while mentioning about work done by various authors on

different clupcoid speccies of India, includes descriptions

of cggs and larvae made by Delsman (1930 a) under Ilisha

clongata and Pellona ditchela only and not under I.
melastoms which is the present valid name for Pecllona
ditchoa. From synonyms given by Whitchcad (op.cit)

it is obvious that most Indian authors have mistakenly
considered species of Ilishs ss those of Pellona. Of
the specics.of Pellona, only P.ditchela appears to be
available in Indian rcgion. ' Ramaiyan (1977) has'given

a description of this species based on a single specimen
collceted at Porte Novo. But, the present writer could

not collect this specics .at Porto Novo ‘during 1977 - 79.
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3. 2, 7 Ilisha megaloptera (Swainson)

This is a commercially importent clupeoid

fish found in India synonymised with Ilisha filigcra

(Valenciennes) (vide: “hitchead, 1972), videly distributed
in Indo-Pacific =nd supnorting minor fisheries whercver

it occurs. In India it is caught in gill nets; boat
seincg and trawl ncts. Meenakshisuncaram and Marathe
(1963) have mentionecd about its fishery in Bombay.

At Porto Novo it is found in a few numbers occasionally,
although the other two snccies I.melz2stome and I.kempeni
occur more frequently. The two postlarvae reported

below were collected at Porto Novo on 1 -2 -'78.

(a) Postlarvese (Figs 35, 36)

3.18 mm (Fig 35):= Body was clongatcd with greatest
dcpth at region of dorsal fin.
Snout was rather pointed and acutc with lower jaw 2
13ttle longer than upper. -A fow minute conical +teeth
were present in upver jow, Pectoral fin was membrancous
and fan shaped. Dorsal has appearcd above 28th to
32nd preanal myotomes with indications of a few rays.
Caudal has doveloped as o club shaped structure with a
few rays in middle and lower rcgions. Anal has
developed as a short, triaﬁgular cxtension behind anus.

Pigmentation was svarse and was in the form of a few
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black spots on lateral sidc of foregut and dorsal to
hindgut region. In caudz2l fin a few black pigment spots
were observed in its upper, middle and lower aspects.
There were 39 preanal and about 11 postanal myotomes.
Presnal and predorsal provortions were 81l.3 % and 60.6 %
of total length resnectively.
14.45 mm (Fig 36):~ The significant changes noted in
this stage over nrevious cne were,
apart from increasc in length, an increase in pigmentation,
progressive development cf all fins and change in
disposition of myotcmes. Larval tecth present in upper
jaw in previous stage seemed to have disappcared with
further development, rceplacing the larval condition.
Pectoral fin showed indications of a few rajs. Dorsal
hes bccome larger, with about 14 rays. Caudal has
become forked, with about 28 ray elements. Anal fin
has become larger with about 7 rays; but there was no
indication of pelvic fin. Pigmentation consisted of
a few spots on head, onc cach behind isthumus and
pectoral fin, an almost continuous series along ventral
side of fore- and hind- guts, four sunken ones shove
midgut, two a little bechind them, another twn above
anal region and two behind anal fin. In csaudal fin
pigmentation has incrcascd and become diffuse,

particularly at the bases of middle =nd lower caudal
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regions. There were 37 precanal and 14 postanal myotomes;
and, when compared to previous stage in which anal fin
was situated far bechind level of dorsal, in the present
one anal fin has moved forward to a level just behind
hinder end of dorsal base. Preanal and oredorsal lengths

have dccrecased to 65.4 % and 57.2 % of total respectively.

(p) Systematics

In adults the vertebral number ranged
from 47 to 52 while in pestlarvae there were 50 myotomes.
Among diffcrent specices of clupcoids occurring in Porto
Novo, only one specics may be said to possess a vertebral

number similar to that of I.mogaloptera, nomely

Opisthopterus tardoore which has 50 vertebraec. ZEggs and

larvac of the latter have been described by Bensam(1968b);
and in an early postlarval condition itself, 3.76 mm,
disposition of myotomes becomes 30 preanal and 20 postanal.
As such , the prescent postlarvae with 37 - 39 preanal

nyotomes could not bec treated as thosc of 0.tardoorec.

Another specics of Ilisha having a similar vertebral

number nemely I.elongata is not recorded at Porto Novo

at all. Infact, the only Indian reccord of this species

is that of Pellona lecschensulti Valenciennes from

Pondicherry (vide: Whitehead, 19(2) and there is no
subscquent record of it at all from Indian waters, thus

casting doubt as to its existence in India.
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In larvae and postlarvae assigned to

Pellona elongata (I.elongata, vide: Whitchead, 1972)

by Delsman (1930 a) and Uchida (1958 a), anus is
situated considerably posteriorly, unlike the condition

in cases like O.tardoore (Bensam, 1968 b). Thus, in

larva of "the second morning" (Delsmen, op.cit), it is
placed at thc end of 37th myotomc and in lervae described
by Uchida (op.cit) onus remains below 36th or 37th
myotome even in 17 mm stage. From figurcs and
descriptions given by Uchida it is obvious that further
forward movement of anus to attain the condition in
adults namely 21 -23 preansl and 28 - 30 postanal
vertcbrae takes place in later developmental sequence
only. Such a condition was observed earlier in Hilsa
ilisha (Jones,5. and Menon, 1951 a) where in the newly
hatched larva of 2.3 mm there are 40 preanal myotomes;
and it is only in 20 mm stage that anus is placed necar
29th myotome. ZEven in O.tardoorc, although 30 preanal +
20 postanal condition of myotcmes is attaincd at such
an early stage as 3.76 mm (Bensam, 1968 b), even till

19 mm juvenile condition given by John (1951) the same
disposition continues and attainment of adult condition
of 17 precanal and 33 postanal myctomcs appears to have
becn still declayed. In its developmental seouence,

9.18 2nd 14.45 mm postlarvae of I.mcgaloptera may be
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comparcd to 15 mm postlarva of I.clongata described by
Uchida (1958 a). Main featurcs of diffcrence between
the two appear to be the disposition of myotomes and
developmental condition of anal fin. Postanal myotomc
number in I.clongata is about 15 or 16 while in I,

megaloptera there are 11 - 14 postanal myotomes,

Infact, in larvae and postlarvae described by Uchida
(;E-Eii) about 55 or 56 total myotomes appear to be
nrescnt, whercas Delsman (1930 a) has given the vertebral
number of this specics from Java coast as 50 to 51 only.
It is not known as to whether number of vertcbrae in
Japancse specimens of this species smounts to morec

than 50 to 51. Apart from this, anal fin in I,

megaloptera appears considerably shorter than in I.

elongata 2nd I.melastoma (vidc: 3. 2. 6). It is

probable that the pace of development of =nal fin in I,
megaloptera is much lesser than in the above two species,
Venkataramam jam(1975a) assigned certain
postlarvae measuring 12 - 17 mm and having about 47 myotomes,
28 preanal and 19 postanal, to Thrysss. But, in various
species of Thryssa from India there are not more than 45
total vertebrae, thus casting doubt on their identity as of
Thryssa. Also, presence of as high as 19 postanal myotomes
precludes their identity as of Sardinella either, From the
mumber and disposition of myotomes in the above material, it
appears as though the postlarvae might belong to a species

such ss Ilishs megaloptera.
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(B) Family Chenidae

This Family is rcprescnted by = singlc

genus and species Chanos chanos, popularly called

Milkfish. It is mostly marine and brackish and
occasionally found in freshwater; =2nd is distributed

in Indian and tropical Pacific arcas, Being euryhaline
and having a quick growth in the first ycar of its lifc;
it is onc of the most valuable culturable fishes in
south-east Asian countries and is cxtensively cultured
in Indonesia, Philippines and Taiwan. It breceds only
in sca and does not attain sexual maturity in culture
ponds. In view of this, the only source of its seeds
for culture purvoscs is the naturally occurring fry
ccntres along coastal waters, estuaries, creeks, mudflats,
etc, from where it is collected for stocking ovecrations,
For details on culture of this fish, Bardach, ct al

(1972) may be referred to.

3. 2. 8 Chanos chanos (Forssk21)

Recently, Tempi and Bensam (1976) have

reviewed biological aspects of this fish from Indian
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waters. Based on occurrence and availability of its

fry it is inferrcd that the fish spavms during February -
May along south-cast coast of India. But, inspite of
occurrence of fry in large numbers in India (Tampi, 1968),
the only report on collection of its cggs from India

is that of Chacko (1950) in Gulf of Mannar, based on
earlier identification of Delsman (1929 b) from Java.
However, dctailed descriptions and figures of the
matcriel arc not given by Chacko (op.cit). Recently,
Cheudhuri, Juario, et al (1978) and Liao, Juerio, et al
(1979) have succceded in artificial fertilization and
induced spawning as well as rearing larvae in the
laboratory at Philippincs, thus bridging the gap in

ocur knowledge on early life history stages. In the
absence of adequate knowledge on eggs and postlervae

from Indian waters, the present account on these and a2
few early juvenile stages collcected at Porto Novo

may be of intcrest.

(a) Eggs (Figs 37 - 42)

A total of 18 cggs were collected from
vlankton off Porto Novo on 30 -1 -'78; and attcmpts to
collect more cggs subsecucntly did not meet with success.
They were pelagic, spherical and contained finely
vacuolated light - yellowish yolk, without oilglobule.

Perivitelline spacc was guite narrow and almost
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imperceptible in live, healthy cggs, but for the region
of head snd tail. Three rcoresentative stages in
cmbryonic development were obscrved on the day of
collection., In the ecarliest stage measuring 1.12 mm in
living condition (Fig 37), embryo was in an early stage,
with optic vesicles, about seven myvosenta 2nd Kupfer's
vegsicle. In snother ege of 1.18 mm in living condition
(Fig 38), cwbryo has assumed an almost 'C' shaped
structure with progressive differentiation of trunk.
In the third live cgg of the same diamcter (Fig 39),
head, trunk and part of tail have become prominent.
Optic capsules were fully formed and tail reeion
appcared as a bud undergoing progressive development.
A1l sixtecn cegs reared for obtaining
carly larvae were found on the following morning sinking
to the bottom in partly dcad condition. Of these, three
eggs had shown some more progressive features in
development. In an egg of 1.09 mm in formalin (Fig 40),
dorsal side of embryo showed pigment svots. In another
egg of 1,208 mm in formalin (Fig 41) suditory vesicles
were visible, tail has become longer and pigment spots
were observed on larval finfold and hcad. About 42
myoscpta could ke counted in this stage. Length of
embryo inside egg amounted to 2.62 mm. In another egg

of 1.16 mm, also in formalin (Fig 42), embryo appearcd
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fully developed with well marked hcad, trunk, tail and
larval finfold. Pigments were present on larval finfold
and head. Length of embryo within the cgg amounted to

2.74 mm in formalin,

(b) Postlarvac (Figs 43 - 46)

Threce postlarvac were collected, one from
plankton samnled off Porto Novo and the other two from
fry collecctions made 2t the mouth of Vellar Estuary.
10,5 mm (Fig 43):- Datc of collection: 27 -2 -'78.

Body was elongated and of uniform
depth but for anterior 2nd posterior regions. Snout
appeared slightly flattened dorso-ventrally and mouth
was somewhat terminal with lower jaw slightly longer'
than upper. Pectoral fin was membranecous and somecwhat
club shapcd., Dorsal fin has developed =2bove 22nd to
28th precanal myotomcs with about 16 rays. Anal has
developed below 32nd preanal and 3rd postanal myntames
wifh about 13 rays. Caudal was in an early stage of
bifurcation, with about 20 rays. Pigmentation consisted
of o few spots behind optic region, a streak before
isthumus, a ventral pigment below pectoral fin, two
streaks on dorsal aspect, one at ventral aspect of
foregut and = serics of nine vpigments along dorsal
aspect of hindgut. In caudal fin a few pigment spots

were present at bascs of upper and lower lobes,
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Posterior half of alimcentary cenal showed dorso-ventral
foldings of inner epithelium. There were 32 preanal
.Fnd 11 postanal myotomes, the total number agreceing
with adult vertebral number. Muscle fibrcs in myotomes
showed a parallel arrsngement and not 2 crossed one.
Preanal and predorsal proportions were 67.7 ¢ and 52.8 %
of total length rospcetively.
14,6 mn (Fig 44):- This stage as well as the following
one were collectcd from mouth of
Vellar Sstuary on 3 -3 -'78, in fry collcction nct.
Notable changes in this over the previocus were progressive
development of fins and an increase in pigmcntation.
Maxillary bone appearcd prominent. Dorsal fin had
about 14 rays, anal fin about 9 and caudal about 20.
Pectoral fin did not show indication of rays. A coupnle
of chromatophores was found in snout and a few pigment
spots above optic region and at the side of operculum.
Along ventral aspect of alimentary canal a series of
spots was present and at dorsal aspects of mid- and
hind- gut 2 seriecs of sunken pigments. In posterior
mid-lateral region of body a few pigments were observed.
Caudal fin was fairly well pigmented. Number and
disposition of myotomcs in this stage as well as the
following one remained the eame as in the previous; and

muscle fibres had a parallel arranscment. Presnal =and
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and predorsal proportions were 67.5 % and 55.3 % of
total length resvectively.
14,01 mm (Figs 45, 46):-  Although this postlarva
appcarcd smaller than the
previous one, more preogressive developmental features
particularly in pigmentation nccessitate its treatment
as a stage older than the previous., Howcver, preanal
emd predorsal nroportions were higher (69.0 ¢ and 59.8 %
resveetively of total length), thus showing an earlier
developmental scquence, FPigmentation has increased
considerably in head including operculum, ventral aspect
of a2limentary canal along lateral line region, on dorsal
and caudal fins and behind ventral fin, Besides, on
dorsal side of head (Fig 46), sbove mid end hind brain
a group of black, branching chromstophores was present.
Also, two largec pigment spots were found above vent and
2 row of sunken pigments along dorsal aspcect of mid-
and hind- gut regions. Pectoral fin still remained
membraneous without indications of rays. Dorsal, anal
and caudal fins have become much morc developed with

about 14, 12 and 24 rays respectively.
(¢) Juveniles (Figs 47 - 50)

A few juveniles in sizc range of 16,25 -
18.5 mm were collected from mouth of Vellar Estuary

on 3 -3 -'78. In 16.25 mm (Fig 47), most of postlarval
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featurcs have disappeared. Body has become elongated
and streamlined and head has become more pointed.

Mouth although partly terminal in positinn, showed
beginning of progressive growth of snout. Pectoral fin
was still membrancous with basal rcgion showing
indiemtions of a few rays. Origin of pelvic fin could
be seen as a smell triangular bud at ventral side of
body below the level of origin of dorsal fin, Dorsal,
enal and caudal fins contained about 14, 14 and 28 rays
respectively. Pigmentation has become intensified as
well as diffused, cxtending almost all over, including
anal fin., BSunken black pigments representing peritonial
wall of body cavity could be secn in mid- and hind- gut
regions. Anus has further moved forward, decreasing
preanal myotome number to 31 and increasing vostanal
number to 12. Preanal and predorsal provortions were
65.8 4 and 54.9 ¢ of total respectively. In a 16.5 mm
specimen cxamined, pelvic fin has developed further,
with about 7 rays (Fig 48).

In a 18.5 mm specimen, the snout has
overgrown lower jaw (Fig 49), approsching the condition
of adults. Head was 4.62 of total lcngth, body deoth
6.16 of the same, dorsal situated almost ot mid dorsal
region and origin of ventral below lcvel of origin of

dorsal. Pectoral fin has become more developed (Fig 50):
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and, although retaining a fan sheped appcarance, head
about 10 rays. Dorsal fin had 16 rays, neclvic ond anal
fins about 10 cach and caudal about 34 clements.
Pigmentation has become considerably more, extending

almost all over body.

(a) Systematics
Characteristic features of eggs given here

in comparison with cggs identificd by Delsman (1929 b)
and artificially fertilized, as dealt with by Chaudhuri,
Juario, et al (1978) =nd Liao, Juario, et al (1979)
confirm the present identification. More distinct
featurces of the cggs of C,chanos are the abscnce of
oilglobule and presence of only a narrow perivitelline
space and finely vacuolated condition of yolk with a
light ycllow tingc. Length of fully cevelopcd embryo
amounting to 2.74 mm in an advanced condition (Fig 42)
is almost egquivalent to the length of ncwly hatched
larva decscribed by Delsman (1929 b) and Cha.udhuri;
Juario, et al (1978). The latter authors have noted
Certain markings on cgg capsules artificially fertilized
in Philippines. Such markings were not found on
cepsules of present cges.

The postlarvae described in this account
could be identificd as those of C.chanos bascd on

parallel arrangement of muscle fibres in myotomes
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as well as on number and disposition of myotomes.
Adult vertebral number of a few specimens examined at
Porto Novo was 30 preanal and 13 postanal, as recorded
by Delsman (1929 b). Scnta and Kumagai (1977) while
studying vertebral variations of Chanos fry collected
from various parts of Indo-Pacific, have found a mean
vertebral number of 43.08 in Indian specimens, but
higher valucs in specimens from Thailand, Indonesia,
Philippincs and Tahiti. Based on thesc studies, the
above authors opine that therc may be atleast four sub-
populations of Chanos in tropical Indo-Pacific waters.
Delsman (1926 f) has given an account of
a few larvac assigned to this specices from Java coast.
Of these, 10 mm stage could be compared to 10.5 mm in
the present account. The two stages arc almost in the
same stage of development with basic similarities in
21l esscntial fecatures. The 12 mm stage given by
Delsman (op.cit) may bc comparcd to 14.6 mm, in the
present collections, in the absence of any other stage
of equivalent length. The only differcnce in the two
cases is in the pattern of pigmcntation which may be
attributed to difference in sizes. Besides, Delsman
(op.cit) has observed variations in nigmentation of

Chanos larvac studied by him.
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Chacko (1942) has given a note on rearing
of Chanos larvae in laboratory. Later, Chacko (1950)
has given a brief note on cggs and eerly larvae collected
from Gulf of Mannar. Chacko and Mahadevan (1956) have
collected certain eggs resembling those of Chanos from
off Nellorc; but, these arc stated to be smaller in
size than the oncs reported by Delsmen (1929 b) =nd
hence could not be assigned to Chanos, according to them.

Blanco and Villadolid (1951) gave an
account of a postlarva measuring 12.5 mm and a juvenile
of 13.5 mm. The present postlarvae differ from 12.5 mm
stage of the above authors in that develompment of pelvic
fin in the former is delayed till about 16.5 mm, but
in the material revorted by the above authors pelvic
fin has alrcady dcveloped. Another significant point -
of difference is that in the postlarva deseribed by’ them
there are “53 or more myotomes®, whereas in Chanos
there are only 43 vertcbrae. Besides, the large end
"obligue mouth" instead of a small and terminal mouth
as in ~dult Chanos is a significant feature of’ difference.
In 13.5 mm juvenile also-fifty ome'myotomes are) stated
to be present. Mouth in- thist juvenile also ds.oebligue
and appears as quitc largé rather then terminal and
small withi snout rather overhanging lower jaw as 'inm

present material and adultrcondition. These gre



114

characteristics which are fundamentally different from
those of Chanos; and hence specific identity of postlarva
and juvenile deslt with by Blanco and Villadolid (1951)
is open to question. Presence of “about 53 or more
myotomes” reported by them voints out the possibility
that the material described by them could belong to

Dussumicria, vertebral number of which varies from

52 to 56.

The 10,5 mm postlarva artificially bred by
Liao, Juario, et 2l (1979) may be compared to an identical
stage in the present account (Fig 43). These resemble
cach other in all c¢ssential features, including number
and disposition of myotomes. The 14.6 mm postlarva in
the present colleections dncs not show so much pigmentation
as in 12,9 and 13.3 mm stages given by them. Similar
differences in pigmentation are also scen between
Comparable stages in the two accounts. In the present
16.25 mm juvenile lower jaw is only slightly longer than
upper while in 15.9 mm artificially bred by them in
Philippines, lower jaw is significantly longer than
upper. Such differcnces between naterial collected
at Porto Novo and obtained by induced brecding and
rearing in Philipnines perhaps point out to somc

differences in the charactcristics of the two stocks.
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() TPFanily Engraulidaec

In Indian watcrs this Family is composed

of Stolephorus, Thryssa, Thrissina, Setipinna and Coilis

and is responsible for an average annual production of

about 50,000 tonncs, from both the coasts. Stolephorus

contributes to bulk of the landings (sbout 34,000 t),

supportcd mostly by S.heterolobus, S.devisi and S.

bataviensis. Thryssa hamiltonii, T.purava, T.mystax,

Thrissina baelama, Coilia dussumicri, C.ramcarti,

Setipinna phasa, S.taty, ctc =rc the other specics of

commercial importance,

3. 2. 9 Thryssa dussumieri (Valenciennes)

Thryssa dussumieri is one economically

important snchovy found along both the coasts of India.
Earlier work on this spccies includes occurrcnce of
its larvae off Bombay by Bal and Pradhan (1947; 1951),
food hobits of yrung stages by Bapat and Bal (1950),
fron the same locality, notcs on. cggs 2and carly larvae
by Chacko (1950) from Gulf of Mannar and maturation
and spawning off Waltair by Dharmanba (1960). But,

no comprehcnsive account of eggs and larvace is

available so far.
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(2) Eggs (Figs 51 - 53)

The eggs were collected on 9 -9 -'77 from
plankton. Theyv werc pelagic, spherical, measuring
0.901 - 0,98 mm in diameter and did not contain oilglobule.
Yolk was vacuolated and perivitelline space was quitc
narrow. In the carliest stagce of development measuring
0.901 mm at 09.00 hr (Fig 51), cmbryo was indicated with
developing optic vesicles and about scven myosepta.
In another cgeg examined at 13.00 hr, mcasuring 0.96 mm
(Fig 52), embryo was in a more progressive stage with
optic vesicles and a fairly well developed tail. In
still another ecgg of 0.98 mm at 17.00 hr (Fig 53),

the embryo may be said to be almost fully formed and

ready for hatching.

(b) Larva (Fig 54)

A singlc cgg reared on 9 -9 ~'77 was found
to have hatched out at 09.30 hr on following morning.
From the appearance of the larva (Fig 54) it was obvious
that this stzge was not the newly hatched one. However,
from fuliy formed condition of embryo in the previous
evening, it appcared that the egg would have hatched
out by about 21.00 hr the samec night. Hence, the present

larva could be taken to represent a stage of about

10 - 12 hours old.
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It measured 3.96 mm; hcad was prominent,
mouth was not yet formed although a slight invagination
could be scen just behind level of eyes ventrally; end
eyes remained unpigmented. Yolk was not yet fully
utilizcd and larval finfold was not auite wide.

Auditory capsules could be secn bechind optic region.
There were 29 preanal and 13 postanal myotomes. Precise
number of myotomes in postanal region could not be
asccrtained owing to imperfect myoscpta and prominent

notochordal vacuolation.

(c) Postlarva (Fig 55)

A single postlarva measuring 4.67 mm was
collected from plankton on 30 -9 -'77. Larval finfold
was present, but in a reduced condition and caudal
region appeared somewhat globular. Significant changces
observed were formation of mouth, pigmentation of eyes,
development of pectoral fin as a mcembrancous semicircular
or fan shaped structure and appearsnce of a few pigments
on body. A few black pigment spots were present in
fore- and hind- gut regions, a single spot in postanal
region and 2 few in dorsal and ventral aspccts of caudal
end. Lower jaw appcared a little longer than upper
one. Number of preanal myotomes was 29; znd 13

postanal myotomes could be counted.
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(d) Systematics

T.dussurieri was found to spawn off Porto

Novo during May - September periocd. Mature ova of this
species exsmined there during the period when eggs were
collected ranged from 0.7 to 0.8 rm, as also observed by
Dharmamba (1960) earlier. It may be noted in this
connection that in eggs of Clupeiformes with narrow peri-
vitelline space, dismeter of planktonic eggs in early
steges is only slightly more than di=meter of mature or
ripe ova, unlike the condition in sardines where
perivitelline space increases considercbly. This results
in mach larger egg diameter in the latter than in eggs

with little perivitelline space, such as Opisthopterus

(Bensam, 1968 b). As such, it is reasonable to expect
a diameter of about 0.8 - 0.9 mm in planktonic eggs of

T.dussumieri. In early larva of T,dussumieri about 42

myotomes were present, which tellies with adult
vertebral number of 42,
Eggs described by Delsman (1959 a) and

Vijayaraghavan (1957) as of Engraulis grayi (T.hemiltonii)

renged in dismeters from 1 to 1.1 mm and those assigned
by Delsmen (op.cit) to E.mystax were of 0.8 - 0.9 mm.
These two species have 45 vertebrae each; and the larveae
from them also should have 45 myotomes. 3.96 and 4,67 mm

stages of T.,dussumieri described in the present section
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may be compared to similar stages of E.grayi figured by
Delsman (op.cit) ~nd 4 and 4.5 rm stages given by
Vijayaraghavan (op.cit). Although there are many features

in common between larvae of E.grayi =nd T.dussumieri,the

crucial difference is in total myotome number, which is

only 42 in T,dussunieri but 44 to 46 in E.grayi. Also,

in postanal region there are 14 to 16 myotomes in E.

rayi, but only 13 in T.dussumieri. Chacko (1950) gnve

brief notes on eggs and early larva assigned by him to
this species. Although size of eggs given by him tallies
somewhat with that of present eggs, number of preanal
myotomes in carly lorva enounting to only 17 in such an
early stage as recorded by him suggests that the eggs
and larva assigned by Chacko (op.cit) to this species
cannot belong to it. It may be noted in this context
that number of preanal nmyotomes in early larvae of
clupeoids is considerably more than in adult condition
because of backward position of vent. It is only =8
development progresses that vent moves forward and only
in late postlarval or early juvenile condition that it
occupies adult position. But; placement of anus below
17th myotome in an early larval stage like 2.5 mm
larva, which is the condition in =dults with 17 - 18
vertebrae in preanal region, points out that the

identification made by Chacko (op.cit) of eggs and
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larvae of T.dussumieri cannot be teken as valid.

Nair,R.V.(1952 b) described cggs end

early larvae of an unidentified species of Thrissocles

(Thryssa) from Madras. The egg measured o dismeter

of 0.92 mm and the newly hntched ns well as nne day

0ld larvae contained 30 presonel and 13 postanal myotones.
In this respect, the present larvae bear similarity

to the ones described by Nair,R.V.(op.cit): but in

length there are differences. Ripe ova of Thrissocles

purave studied by Palcker and Karandiker (1952) had a
diameter of 0.92 - 1,26 mm, which smounts to the size of
eggs reported by Nair,R.V.(op.cit). Rao,K.S., and

Girijavallabhan (1973) described eggs ond early larvae

of Thrissocles mystax, ranging in diameters from 0,912
to 1.270 mm and larvae with 30 preanal ~nd 10 --13
postrnal myotomes, There are 45 vertecbrae in adult
T.mystax; »nd the presence of only 43 nyotomes even

in an advanced ¢ondition as three days 014 stage,
measuring 4.62 rm, appears to be rather contradictory

to identification of this species based on this important
Character. Also, dismeter of the eggs of T.mystax given
by Delsman (1929 a) is different fram the ‘dismeter of
€ggs given by Rao,K.S. and Girijuvallabhnn (gg¢g$§).

On the other hand, size ranges of thesc eggs and ripe

ova of T.purava given by Palekar snd Karandikar (1952)

are similar to ench other,
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3. 2. 10 Thryssa hamiltonii (Gray)

This is a common anchovy found in Indian
waters and supporting fisheries 21l along. Earlier work
on this species is that of Delsman (1929 a) and of
Vijayeraghavan (1957) on its eggs and larvce and

Masurekar and Rege (1960) on maturity and spawning.

(a) Eggs (Fig 56)

The cggs, few in number, were collected
on 12 -4 -'78. They were spherical, pclagic, tranparcnt,
unpigmented, without oilglobule, having a narrow peri-
vitelline space and measured from 1.12 to 1,18 mm in
diemeter. On the day of collection at 10.00 hr, the
eggs were all in fairly well advanced stages of
embryonic development (Fig 56), with formation of head,
trunk, tail and myosepta. On the following morning
at 08.30 hr thc eggs were found to have hatched out.

(b) Larva (Fig 57)

From the developmental stage of larva
observed at 08.30 hr on 13 -4 -'78 (Fig 57), it was
obvious that the process of hatching would have taken
place only a few hours before. It measurcd 4,67 mm,
larval finfold was prominent and pigmentation was absent.

There were 32 preanal and 14 postanal myotomes,
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(¢) Systcmatics

T.hamiltonii was obscrved to spawn

off Porto Novo during February - July, in 1978. Total
nunber of myotomes in the larva corresponds with adult
vertebral number of 45. Eggs assigned by Delsman (1929 a)
and Vijayaraghavan (1957) to this specics have an almost
gimilar range of diamcters as in nresent casc., In
larval stages described by the former and in larvae

and nostlarvac described by the latter, there are 30
prcanal myotomes which is differcent from the present
material of 32 preanal and 2bout 14 postanal., It mey
be noted in this connection that disposition of
myotomes in clupcoid larvse is subject to variation;

as such, this diffcrencc may not be taken as a vital
factor in deciding their spccific identity.

Eggs assigned by Rao,K.S5. and Girija-
vallabahan (1973) to T.mystax have a dismeter range of
0.912 t0 1.270 mm; and the larvac as well as postlarvac
possess 30 preanal and 13 postanal myotomes. The total
number of myotomes given by them is only 43, whereas in
adults there are 44 - 45 vcrtebrae. The prescnce of
only 43 myotomes cven in a postlarval stage as three
days old condition described by Fa0,K.S, and Girije-
vallabahan (op.cit) when the total myotome number

usually gets stabilized corresponding to adult condition,



PLATE V

Pigures 46 - 50. dwvenile stages of Chanos chanos(continned):

Fig 46. Dorsal view of head region in 14,01 mm; Eig 47, 16.25 mm;

Fig 48. Showing development of pelvic fimva 16, 5m£'stagp'

Fig 49. Lateral view of head region in a 18.5 mm Juveﬁﬂ}e, showing

growth of snout over lower jawyJI'ig 50. Pectonalttiﬁgin 18 5 mm,
J

Figures 51 - 55. lggs, larva iZh postlarva of 33 dussumicris
e

I

"Tigs 51 - 53. Three stbges in development oﬁ : {754, 3.96 mm

larva; Fig 55. 4.67 mm postlarva. {

Figures 56 and 57. ZIgg and 4.67 mm larva reapcctivily.of

Thvyesa. hamiltonii. - i/ -\

\ | ¢
‘ ‘ \ -} 3
éf © N

Figures 58 - 61, Postlarvae of Thryssa mystax: Fiéﬂ§8 18,83 mm;

Fig 59. Head and trunk region of 23 m; Fig 60. Harkings on skin
of 23 mm stage; Fig 61. Head reglon of 26,5 mm Juvenile.f‘

N
L]

Figures 62 - 64. Eggs and postlarva of Stoiephorus tri: FPigs 62 and

63. Live and dead eggs respectively; Fig 64. 4.69 mm postlarva,.
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throws doubt on validity of its identity. It may also
be noted in this conncction that cggs identified by

Delsman (1929 a) as of T.mystex have diemeters ranging
from 0.8 to 0.9 mm only unlike the material collected

by Rao,K.S. and Girijavallabahan (op.cit).

3. 2. 11 Thryssa mystax (Schncider)

Thryssa mystax is another anchovy supporting

minor coastal fisheries in Indian subcontinent and south-
cast Asian region. Earlicr work on this specics
includes description of a larval stage by Gopinath
(1946), some aspects of its biology by Venkataraman
(1956), maturation and spawning by Dharmemba (1960),
feeding and spawning by Ganapati and Rao,K.S.(1962),
occurrence and size range of juveniles by Basheceruddin
snd Nayar (1962) and distribution of larvae =nd

juveniles in Mahanadhi Estuary by Rao,N.G.S3.(1967).

(a) Postlarvae (Figs 58 - 61)

Three late postlarvac identified as of
this species were collected from mouth of Vellar Estuary
in October, 1977,+using a fry collection net.

Barlicst stage collected on 9th, measuring'18.83 mm
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(Fig 58) had an elongated and somewhat streamlined
body. Head has assumed the shape characteristic of
engarulids with 2 wide mouth; and lower jaw was a
1ittle longer than upper. Mexillary bone showed a
number of minute conical teeth and did not surpass cyc.
Pectoral fin had a somewhat membrancous and semicircular
or fan shaped appearance with a number of developing
rays. Pelvic fin was well formed, with sbout six rays.
Dorsal was situated behind m’ddle region of body, with
about 15 develoning rays. Anal fin .15 long with
about 37 ray clements. Caudal was forked, with about
32 elements. Pigmentatioan was sparse and in the form
of a ventral stresk behind operculum, two vertical
streaks infront of pectoral fin, a series of six spots
in foregut region, a streak at pelvic base, a group of
three brownish branching chromatophores above midgut;
a large branching chromatophore above anus, four
branching ones 2t the basc of anal fin, a sunkecn
pigmented area behind anal end and four strcaks at

the basc of lower caudal lobe. Number of preanal
myotomes was 27 and of postanal myotomes 18, the total
number corresponding to adult vertebral number.
Prcanal and predorsal proportions were 61.1 % and

50.8 % of total length respectively.
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Tn ~nother specimen of 23 mm (Fig 59)
collccted on the samc day as the previous onc, some
morec changes werc observed. Sncut has grown further,
thus making the mouth distinctly inferior as in adults.
Maxillary has grown considerably, surpassing eye region
and reaching a2lmost middle region betwcen snout and
operculum, There were a number of pointed, conical
teeth on maxillary, premoxillary and dentery bones.
Pectoral fin remaincd somewhat semicireular. Dorsal
fin has moved forward =nd its origin in this stage was
well infront of middle of body. Morphomctric data of
the postlarvac were: standard length 20 mms snout 0.74 mm;
cye diameter 0.87 mm; maxilla 2.5 mm; hcad 4.2 mm3 snout
to dorsal origin 11 mm; snout to pelvic base Tmm; snout
to anal origin 12.5 mm; anal base 5.5 mm; =nd body
depth 3 mm,  There werc about 12 pcectoral, 15 dorsal,
40 2nal and 40 caudal ray elements. Preccisc number of
pelvic fin rays could not be made out. Pigmentation
consisted of a ventral blackish pigment just sbove
region of isthumus, =nother one at base of operculun,

a series of eight blackish chromatophores behind
pectoral region, a small spot at pelvic base, one large
and onc small black sunken spot in anal recgion and

a series of twelve black spots along anal fin base.

Skin of body showed somcwhat tetragzonsl markings(Fig 60)
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indicating areas of future scales. Ventral scutes have
not yet made their apprarance. Disposition of myotomes
has changed to 24 presnel and 21 postenal, Preanal and
predorsal proportions have become reduced to 54.3 % and
47.8 9 respectively of total length.

A larger spccimen of 26,5 mm was collected
on 12 -10 -'77 (Fig 61), the morphometric data of which
weres standard length 23 mm; snout 1 mm; cye diesmeter
1,3 mm; snout to dorsal origin 11 mm; snout to pelvic
base 9 mm; snout to anal origin 14 mm; anal fin base
6 mm; and body depth 4 mm. Pectoral fin has assumed
a somewhat triangular shapc characteristic of adult
condition. There werc about 12 pectoral, 16 dorsal,

40 anal and 40 caudal ray clements. Most dorsal and
anal ray clements showed three to five scgments while
most caudal elements showcd five to cleven scgments.
Bight prcventral and eight postventral scutes have
developed. Pigmentation was in the form of a series
of 14 svots along 2na2l base. Number =nd disposition
of myotomes continued to be the same as in previous,
but preanal and prcdorsal proportions have become
further reduced to 52.8 % anf 41,5 % of total length

respectivelywr,

(b) Systematics

T.mystax was observed to spawn off
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Porto Novo from . July - August to October - Npovember
during 1977 - '79. The total number of myotomes in
the postlarvae corrcspond to adult veterbral condition.

Seven specics of Thrissina - Thryssa group have been

collected from Porto Novo during the present study, viz.,

Thrissina baclama, Thryssa setirostris, T.mystax, T.

dussumieri, T.purava, T.vitrirostris and T.malabarica.

0f these, only T.mystax and T.dussumiceri were observed

in fish catches at Porto Novo in mature and spent stages.

T.dussumieri has only 41 vertebrae and T.mystax has 45.

In adults of latter maxillary bone surpasses opercular

bone whereas in 26,5 mm postlarva, it is much lesser

than that. It may be noted in this connection that

in the above postlarva maxillary bone is still in =

statc of growth and has not yet attaincd adult condition.
Vijayaraghavan (1957) has dcscribed some

stages in postlarval development of Engraulis grayi

(P.hamiltonii)., From figures and description given by
bh*m, it appears that even 20 mm to 30 mm postlarvae
have retained larval finfold in posterior part of body.
Uchida (1958 b) has described embryonic, larval and
postlarval development of Japanesec anchovy Engraulis
japonica. The slow development or pectoral fin =nd
gradual formation of snout during its postlarval

history arc similar to the condition in T.mystax.
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However, in adult E, japonica maxillary bone falls much

short of opercular end; =nd hence the comparatively

shorter maxillary bone in juvenile of 37.5 mm length.
Nair,K.K. (1940) =2nd Jones,S. and Menon

(1951 c¢) have described larval development of the

Gengetic anchovy Setipinna phasa (Engraulis telera).

The 13 - 25 mm postlarvae of S.phasa described by the
above authors differ from the present material in the
number and disposition of myotomes, 31 - 34 preanal +
14 - 17 (total 48) in the former and 24 - 27 preanal +
18 - 21 (total 45) in the latter. In S.phasa, Nair,K.K.
(op.cit) found 25 - 27 preanal vertebrae in postlarvae
of 30 - 32 mm while this author as well as Jones,S. and
Menon (op.cit) have found that the anus shifts forward
to below 19th vertebra in 50 mm stage. In adult
T.mystax there are 20 - 21 preanal and 24 - 25 postanal
vertebrae; and from a study of 26.5 mm postlarva it is
apparent that such a disposition is attained only during
further growth. 1In S.phasa, scutecs develop only by

30 - 32 mm stage and =2dult number is attaincd only by
50 mm (Nair,K.K., 19403 Jones,S, and Menon, 1951 c).

In T.mystax however, scutes are seen in 26.5 mm stage
itself and adult condition is expccted to be attained
in further growth. Thus, a quicker pace of develépment

is recognizable in postlarval growth of T.mystax
than in S,phasa.
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3. 2. 12 Stolephorus tri (Blecker)

Stolephorqg tri is a whitebait widely

distributed in Indo-Pacific and contributes to fisheries
wherever it occurs., Earlier work on this species
includes food habits of young stages by Bapat and Bal
(1950) and eggs and larvac by John (1951) =and
Vijeyaraghavan (1957).

(a) Bgg (Figs 62, 63)

A single cgg was isolated from plankton
on 4 -3 -'78 (Fig 62). Tt was elliptical, pelagic and
measured 1.41 mm-in length and 0.62 mm in breadth.
Yolk was also elliptical, vacuolated and with a narrow
perivitelline space. There was a single light brownish
yellow oilglobule of 0,14 mm diameter. In the cgg
¢xamined at 09,00 hr, embryo was indicated, with optic
vesicles and a few anterior myosepta. It was reared
in laboratory; but, when examined on the following
morning it was found to have died, with the oilglobule

split up into a large 2nd a small component (Fig 63),

(b) Postlarva (Fig 64)

A single postlarva of 4.69 mm was

collected from plankton on 30 -9 ='"77. As may be
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scen from general features, it could be said that this
was in an early stage of dcvelopment., Darval finfold

was still present. Head has become prominent and eyes
were pigmented black. Maxillary bone has become distinct.
and lower jaw was longer than upper. Larval operculer
cleft was visible as a dorsoventral streak in post-
cephalic region. Pecctoral fin appeared somewhat club
shaped and membraneous, with striations indicating

future rays. Dorsal and anal fin rudiments could be

seen above level of anal region and behind it respectively
as thickenings of larval finfold. Striations were
present in caudal rcgion, representing rays. Alimentary
canal appcared to have undcrgone some progressive
development and hindgut showed dorsoventral foldings of
inner cpithelium. The postlarva was devoid of
pigmentation. There were 25 preanal myotomcs: end “about
12 or 13 myotomes .could be: eounted in postandl région.
Determination of precisé number of myotbmes in ‘postanal
region was rendered difficult owing to ‘indistintt nhature
of myosepta. Preanal and predorsal proportions were

T2 % and 65 9 of tdtal length respectively.

(¢) Systematics

The other two spccies of Stolephorus

observed at Porto Novo during the present study werc

S.indicus and S.COmmersdnii; the eggs of both of
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which are provided with a knob (Delsman, 1931 a).
Among eggs without a knob which Delsman (op.cit) has
come across, the one with an oilglobule of 0,05 mm in

diameter was assigned to S.heterolobus, one with

oilglobule of 0.07 - 0,08 mm to S.tri and one with

oilglobule of 0.10 - 0.12 mm to S.baganensis. As per
rccent thinking on systematics of various species of

Stolephorus reviewed by Whitechead (1972), species

S.baganensis with mecrops element is considered as

S.macrops and that without macrops element alone is
considered to be S.tri proper. As such, it appears

that eggs assigned by Delsman (1931 2) to S.beganensis

ver megalops belong to S.tri; and eggs actually assigned
by him to S.tri appear to belong to some other species.

On the other hand, eggs attributed to S.baganensis by

Delsman (op.cit) appear to belong to S.macrops.
Many featurcs of the present egg such es length and

diameter of oilglobule are similar to those of S,

baganensis var megalops described by Declsman (op.cit),
although breadth of the two is different. John (1951)
assigned certain eggs mcasuring 1.7 tn 1.8 mm long,

0.7 to 0.77 mm broad and with an oilglobule of 0.04 mm,

collected from off Madras to Anchoviella (Stolephorus)

tri and expressed opinion that this probably belongs

to a variety of this species. Since John (op.cit)
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appears to have based his identification mostly on

that of Delsman (1931 a), the eggs assigned by the
former to A.tri appear to belong to somc other gpecies
and not to the real §4331; as pointed out for the eggs
described by Delsman (op.cit). The eggs identified by
Vijeyaraghavan (1957) as of this specics had an average
length of 1.73 mm nnd bre=dth of 0.58 mn and cilglobule
was of 0,091 mm, In such features e¢ggs described by
Vijayaraghavan (op.cit) differ from those given by
Delsman (op.cit).

Among various spccies of Stolephorus,

only S.commcrsonii has 39 - 40 vertebrae and S.tri has

38 vertebrae, thus serving to confirm the present
identification of postlarva as that of S,tri, This
specimen could be comparcd to 4.8 mm postlarva
described by Vijayaraghavan (1957). Bascd on such =
comparison, there does not appear to be any major
difference in basic characteristics of the two stages.
Venkataramanu jam(19752) considered certain
eggs of 1,78 mm length and 0,58 mm breadth and usnally
containing one oilglobule, as belonging to Stolephorus irdi,
The sbove eggs differ from the present ones in their size,

The 13.2 mm postlarva assigned to Stolephorus by the above

author had 40 myotomes, pointing out that the above stage

could belong to a species like S.commersonii,
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(D) Family Mugilidae

Grey mullets constituting this Family
are found in coastal marine ond brackish water, some
species even entering fresh water. Distributed in
both tropical and temperate areas, most species are
both of capture and culture value (vide: Bardach, et al,
1972). They are euryhaline and possess a quick growth
rate during the first year of their life, thus forming
a valuable culturable resource. In irdia, the genera

Mugil, Liza, Rhinomugil and Valamugzil arc more common;

and M.cephalus, L.macrolepis, L.dussumicri, etc are

important in traditional culture operations in many
parts of the country. At present, experiments are being
undertaken by various agencies to demonstrate production
in various culture ccosystems. Also, attempts are

under way to locate and exploit natural seed resources
areas as well as at induced breeding of various species

for artificial sced production.

3. 2. 13 Liza dussumieri (Valencienncs)

Liza dussumieri is both of capture and

culture importance, found in seas, estuaries, backwaters
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along both east and west coasts. At Porto Novo, this
species was the most dominent mullet observed during
1977 - '79. Occurrence of larvae and vnstlarvae off
Bombay in north-west coast is reported by Bal and
Pradhan (19463 1947; 1951). Jacob and Krishnamurthy
(1948) observed its breeding and fecding hebits in
Ennore Creck in south-east. It is cultured in many
parts of Indo-Pacific (Bardach, et al, 1972) and is
knowvn to attain a length of about 15 to 19 cm in
culture ponds in ite first year, with a maximum of

25 cm, although in sea it reaches cven upto 40 cm.
Recently, Reddy (1978) has made obscrvations on its
systematics »nd biology from Porto Novo. In the
present section eggs, larvae, postlarvac and juveniles

are described.

(n) Eggs (Figs 65 - 68)

Mature ova of L.dussumieri exsamined in

August and September 1977, varicd in diemeters from

0.42 mm to 0.46 mm and ripe ova ranged from 0.45 to

0.55 m, with average at 0.50 mm (Fig 65). Ripe ova
contained an oilglobule of 0.145 mm to 0.156 mm, with
average at 0.15 mm, Yolk was ncither scgmented nor
vacuoleted but was clear, leaving a narrow perivitelline

space. Coinciding with availability of spewning stock
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at Porto Novo, large number of eggs rcsembling the

ripe ova in all besic features were found in plankton.
Planktonic eggs measured between 0.531 =nd 0,570 mm
with average =% 0.55 mm; and oilglobulc measured from
0.154 to 0.165 mm with average at 0.15 mm. Thus, there
was not much difference in sizes between ripe ova and
planktonic eggs, a condition a2lso observed in another

mallet Liza macrolepis by NatarajanA,V.and Patnaik(1973).

This was obviuosly duc to lack of significant "swelling
up’ after the ova were shed in watcr and fertilized.

Two stages in cumbryonic development of
planktonic eggs were available in the collections.
In the earlier stage observed at 09.30 hr on 29 -9 -'77
(Fig 66), embryo was in =n early stage of dcvelopment
with head appearing as a rhomboidal structure, trunk
almost fully formed and tail under progressive growth.
Pigmentation of cmbryo =nd oilglobule was characteristic.
There were two patches of light yellowish brown pigments
in head region and black pigment spots intermingled with
light yellowish brown chromatophores on trunk and tail.
Similar black pigment spots intermingled with light
yellowish brown chromatophores were nresent on oilglobulc
also. The latter has occupied an anterior position,
ncar head region. In a later stage examinecd at 13.00 hr

on same day (Fig 67), embryo was 2lmost fully formed,
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with optic vesicles, trunk, tail ~nd larval finfold.
Pigmentation of embryo and oilglobule remained almost
the same as in previous stage but for additional
development of a light yellowish brown band mid way
between end of yolksac and tail. Light yellowish brown
pigmentation on optic capsules has become more distinct.
Process of hatching was obsecrved for embryo
hatching out a2t 14.00 hr on 26 -9 -'77.  As in all fish
eggs, hatching was accompanied by repeated twitching
movements of embryo, splitting up of egg capsule (Fig
68) and emergence of embryo as newly hatched larva.
Head emerged out first followed by trunk and tail,
the latter lashing out the cmpty egg capsule. Newly
hatched larva remained somewhat curved to begin with,

but soon stretched out itself and becoame almost straight.

(b) Larvae (Figs 69, 70)

Newly hatched larva at 14.00 hr on
26 =9 ='77 measured 1.31 mm (Fig 69). Yolksac was
large and rounded off posteriorly, with oilglobule
occupying its antcrior aspect. Pigmentation consisted
of blackish brown pigments nbove and behind eyes, |
black pigments a little behind it, a vertical band of
light yellowish brown pigments in mid postenal region
and yellowish brown pigments on oilglobule. Preanal

length was 46 % of total length. There were 7 preanal
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and 17 postanal myotomes.

Among larvae hatching out on 26 -9 -'77,
a few werc rcarcd in l=boratory for further stages in
development. On the following day at 14.00 hr when the
larvae were 24.00 hrs old, » rcpresentative stage
measurcd 2.03 mm (Fig 70). Body has become eTongated
and yolksac was considerably reduced, but oilglobule
still remained prominent. Black pigments present on
dorsal side have moved to ventral side and were mostly
in the form of two prominent patches, one above anal
region and another a little behind it. Infront of
eye region two black pigment spots have appeared.
The pigment band observed in postanal region in the
previous stage was still present. Eyes have become
partly pigmented with light yellowish brown chromatophorcs;
and above eye region a patch of pigments was present.
Preanal length has undergone a significant reduction,
to 32.4 4 of total length. As disposition of myotomes
continued to be the same as in previous stage, reduction
in preanal proportion of body appeared to be not due to
forward shifting of anus but perhaps be due to
disproportionate clongation of postanal region.

The larvae continued to be reared in the
laboratory on 27 -9 ='77 for further stages in growth

had passed on to postlarval condition on the next day.
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(¢) Postlarvae (Figs 71 - 74)

Four postlarval stages were available
for study, the earliest one rearcd in laboratory end
the other three colleccted from plankton during September-
October, 1977.
1.94 mm (Fig 71):- This stage reared in laboratory
was 48 hrs old. There was a
slight decrcase in length when compared to previous
larval stege., Formation of mouth, pigmentation of eyes,
disappcarance of yolk, appearance of pectoral fin,
development of postlarval opercular clcft, etc have
marked the beginning of postlarval condition. Mouth
opening was rather small and pectoral fin was membrancous
and semicircular. Body has become wider than in
previous stage, particularly anteriorly. Pigmentation
was in the form of a few black pigment spots behind
auditory and pectoral regions and a scries of yellowish
brown chromatophores along ventral side of body.
Proportion of preanal length as wcll as number and
disposition of myotomes remained the same as in the
previous larval stage.
4,00 mm (Fig 72):- Date of collection: 30 -9 -'77.
Remnants of larval finfold were
still present and body has assumed a considerably

large size, with head forming the most prominent



139

region and body tapering gradually behind. The
postlarva was translucent ~nd became whitish in formalin,
Eyes were prominent nnd second dorsal fin was indicated
with about 9 rays. Caudal fin was somewhat semicircular
with about 14 rays, many of which showed two segments.
Pectoral fin remained membraneous and semicircular
without indication of rays, but anal fin showed about

10 rays. Pigmentation was sparsc and consisted of
blackish brown chromatophores below pectoral region, at
the base of operculum, above pecctoral fin, at dorsal

end of operculum, a sunken obliguc patch behind it

and a serics of five black spots along anal base.

Body depth at anal rcgion has increased, from 0.48 mm

in previous stage tn 1 mm in present one. Preanal
nroportion of body was 32 % of total, the same condition
as in previous stage. = Number of prcanal myotomes has
decreased to 6 and that of postanal myotomes increesed

to 18, obviously by forward shifting of anus covering

one myotome,

4,56 mm (Fig 73):- Date of collecction: 3 -10 -'77.
This stage did not show much

significant changes over previous one. Appearance

of a few pointed teeth in upper [.w, a few additions.

to the number of dorsal, caudal and =2nal fin rays,

appearance of a few branchiostegals in opcrcular
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region, squarish appearance of caudal fin and an increase
in pigmentation along dorsal and ventral aspects of gut
have marked the features as morc advonced than in
previous postlarva. Although number and disposition
of myotomes remained the same es in previous. stage,
there was a slight increase in preanal length, forming
35 % of total.
7.27 mm (Fig 74):-~ Date of collection: 6 -10 -'T77.
This postlarve was characterized
by development of first dorsal fin in the form of about
seven soft spines, bifurcation of caucal fin with =bout
28 ray elements most of which were 3 to 5 segmented,
progressive development of anal fin with about 12 rays
end indication of ventral fin below level of pectorzal.
Precise mumber of rays in both pectoral and 'pelvic fins
could not be ascertained. Pigmentation continued to
be sparse, although increased a little morec; snd ‘was
in the form of ‘a streak of sunken blackish area’ marking
peritonial wall, another oblique stresk at ‘the base of
anus,; a pigment patch at the region of isthumas,
another infront of anal fin and a series of 12 black
pigments along the base of anal fin and behind it.
Proportion of preanal length has increased, formihg
40 % of total.: Number of preahal myotomes has increased
to 7 and that of postanal decrecased to 17, obviously

due to backward movemcnt of anus.,
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(d) Juveniles (Figs 75 - 78)

A large number of juveniles was
collected during September - October 1977 from plankton
as well as fry net catches made at the mouth of Vellar
Estuary. Among them, three stages appeared
representative in juvenile growth.

10,18 mm (Fig 75):~ The most important changes
observed in this stage over the
previous postlarva were progressive development of all
fins, clongation of body particularly in postanal region
backward movément in position of anus and considerable
increase in pigmentation. About 7 spines were present
in first dorsal fin, 10 in second dorsal, 38 elements
in caudal, 12 in anal, 10 in pectoral and 3 in pelviec.
Head was 4.1 in total length, eye diameter 3 in head,
snout 3.8 in head. and body depth at origin of first
dorsal 5.4 in total length. Preanal length has
increased much more, reaching 50 % and predorsal length
26.4 % of total length. Pigmentation consisted of
blackish brovm branching chromatophores in snout, above
and behind eye region, a few in pectoral region; a
series along dorsolateral aspect of body from behind
head till base of upper caudal lote and another series
along ventrolateral aspect of body from bechind pelvie
fin till the base of lower caudal lobe. At the hind



142

cnd of head dorsally a group of three prominent
blackish brown chromatophores wes present on either
side of midlateral line, Small, stellate chromatophores
were present all along body from behind pectoral region
till the basc of caudsl peduncle. Disposition of
myotomes in this stage was 9 preanal and 15 postanal.
12.45 mm (Fig 76):- Significant changes registered

in this stage wcre further
elongation of body, progressive developmenti of all fins
end incrcase in pigmentation. Head has become 3.5 in
total length, eye diameter 3.3 in head, body depth at
origin of first dorsal 5.2 and preenal length 52 % of
total length. Dorsal fins appcared to have shifted
backwards, thus making predorsal length 42.7 % of
total. Shape of pectoral fin has changed from somewhat
semicircular condition to almost triangular. Pelvic
fin has become longer with about 5 rays. A notable
change in pigmentation was disappearance of branching
chromatophores from dorsolateral and ventrolateral
aspects and development of a midlateral serics of
pigment spots as well as downwardly branching
chromatophores from opercular region till the base of
caudal peduncle, At the hind end of cranium dorsally,
pigments appeared highly diffused. Disposition of

myotomes has changed to 10 preanal and 14 postanal,
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14,00 mm (Figs 77, 78):- This stage has ~lmost
acquired many juvenile
characters of fingerlings. Standard length was 11 mm,
head 3.3 mm, snout to insertion of first dorsal 5.75 mm
and to insertion of second dorsal 8 mm, snout to pelvic
4.75 mm and snout to insertion off anal 7.5 mm. Preanal
length continued to be about 52 % of total iength as in
previous stage. Pigmentation has assumed a diffused
form with a number of blackish brown chromatophores
on body including head. In premaxillary =nd in region
behind it dorsally as well as in dentary and at the
angle of mouth, many chromatophores werc present.
Above eyes and at hind vart of brain dorsally,
pigmentation was in the form of three groups, two .
placed infront and one'a little behind it middorsally,
forming a somewhat triangular pattern. In opércular
region laterally, there were a number of branching
chromatophores including a large one, giving a
yellowish brown colouration. Pigmentation along
dorsolateral, ventrolateral and midlateral aspects has
also increased. At the base of caudal peduncle a
vertical patch of pigments was present. Vertebral
(myotome) disposition corresponded to the adult

condition of 11 presnal and 13 postanal.
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(e) Systematics

L.dussumieri was observed to be the most

common mullet in estuary, backwaters =nd sea off Porto
Novo during 1977 -'79, as also found carlier by Reddy
(1978). The above suthor has studicd somc aspccts on
the biology of this species at Porto Novo and found
that breeding period of this species is rather
prolonged, from December to August including late
spawning during Scptember - February, thus suggesting
vercnnial spawning. Ripe ova of this spccies were
found by Reddy (op.cit) to range in diameters from
0.38 mm to 0.4378 mm; and in ripe spccimens examined by
the present writer, the ova ranged in diometers from
0.45 to 0,55 mm, thus indicating the possibility that
overall variations in diameters of ripc ova are from
0.38 to 0,55 mm. Similar variations in size of
fertilized eggs emounting to 0.48 to 0.80 mm have becen

observed in another mullet, Mugil cephalus by

Cheudhuri, Bhowmick, et al (1978),

Our knowledge on cggs, larvac, postlarvac,
etc of Indian grey mullets is chiefly based on the

work of Pakrasi and Alikunhi (1953) on Mugil corsula,

Pillay (1954) on postlarvae of M,tade, Nair,G.S.(1957 b)
Kuthalingam (1961 c¢) ~nd Chaudhuri, Bhowmick, et a2l

(1978) on M,cephalus and Netarajen, 4.V.~nd Patnnik(1973)
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Figures 65 - 78. Dggs,~larvae, postlarvae and Juvenlles

- - --'.“'" .

of Liza dussumieri: PFig 65, Ripe egg; FlP‘S 66 and 67.

Two stages in development of egg; Fig 68. l".mpty egg
capsule a:ftef emergené'e"%"“f WFig 69. Newly hatched
larva; Fig T0. 24 hrs old larva: Figs 71 = 74. Postlarval
stages, Fig 71l. 1.94 mm; Pig 72.- 4,0 mmj; Figitfg\.' 4,56 mm;
Fig 74, 7.27 mm; Pigs 75 - 78. Sta’g,eé in juvenile_
development, Fig 75. 10.18 #mm; Fi.g_.?ﬁ.:;-lgﬂ.fl’i ‘mmg .Fig 77
and 78. Head and caudal peduncular reg:io:fs':&;OSpecti\;ely

of 2 14 mm juvenile, showing pigmentation.
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on Lize macrgle is; although many references have been
found in literature on occurrence of fry of many species
in different localities, which are not of any value in
comparing characters. In the development of M,corsula
described by Pakrasi and Alikunhi (1953) an initial
forward shifting of anus is evident in early larvae,
from 57.7 % preanal length in 2.15 mm larva (newly
hatched) to 51.5 % in 3.615 mm (99 hrs old), followed
by a backward shifting in postlarval and juvenile
condition; from 47.2 % preanal length in 6.435 mm to
52,7 % in 11,9 mm. A forward shifting of anmus in
layvae of L.,macrolepis is discernible in the account
given'by Natarajan,A.V. and Patnaik (1973), from 62.4 %,
preanal length in newly hatched larva to 54.6 % preanal
length in 6 days old stage. Also, in larvae of M.
cephalug obtained from eggs artificially fertilized by
Cheudhuri, Bhowmick, et al (1978) anus makes a forward
shifting from 57.4 % preanal length in 2 hrs old
hatchling to 53.7 % in 72 hrs old stage. In larvae,
postlarvae and juveniles of L.dussumieri described

- in this section, a2 similar feature is obscrved,
registering a decrease from 46,6 % preanal length in
newly hateched larva to 32.4 % preanal length in early
poestlarva of 1.94 mm; and undergoing an increase from

32 % preanal length in 4 mm pestlarva to 40 % preanal

R i . i o
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length in 7.27 mm postlarva as well as from 50 %
preansl length in 10.18 mm juvenile to 52 ¢ preans=l

length in 14 mm juvenile. But, in larvae of M.cephalus

described by Kuthalingam (1961 c¢) such a forward
shifting of anus does not appear to take place, but a
backward movement is seen from about 40 % preanal length
in 1,1 mm to sbout 50 % in 1.6 mm, fallowcd by a forward
shifting to 2bout 47 % preanal length in 7,2 mm.

Pakrasi and Alikunhi (1953) while commenting on movement
of vent, point out that adult condition in disposition
of 2nus in M.corsula is attained only in fingerling
stagc of about 71 mm and that corresponding to shifting
in position of anus there was no marked change in

disposition of myotomes. Such a condition is observed

in L.dussumieri also.

Planktonic eggs of L.dussumieri differ

from those of M.corsula described by Pakrasi and
Alikunhi (1953) in that the latter are larger (0.90 -
1.035 mm diameter) with a larger oilglobule (0.57 -

0.615 mm) than the former. Eggs of M.cephalus described

from India by Nair,G.5.(1957 b), Kuthalingam (1961 c)
and Chaudhuri, Bhowmick, et al (1978) range in
diometers from 0.48 mm to 0,8 mm with oilglobule in

diameters of 0.29 - 0.34 mm. Eggs of L.macrolepis

reported by Natarajan,A.V. and Patnaik (1973) have
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dismeters of 0.677 - 0.732 mm and their oilglobules

are of 0.292 - 0.347 mm. Eggs of L.dussumieri although

21l within the same range of diameters as those of

M.cephalus and L.macrolepis, could be differentiated

from them in having a smaller oilglobule of 0,154 -
0.165 mm. Pigmentation on yolk is absent in eggs of

Liza dussumieri and L.macrolepis (Natarajan,A.V, and

Patnaik, op.cit), present in eggs of M.cephalus reported

by Nair,G.S.(op.cit), but absent in those of M,cephalus

described by Kuthalingam (op.cit) and Cheudhuri, Bhowmick;
et al (gp.cit).

The principal character by which newly
hatched larva of L,dussumieri could be distinguished

from those of M.corsula (Pakrasi and Alikunhi, op.cit)and

M.cephalus (Nair,G.S., 1957 b; Kuthalingam, 1961 c
Chaudhuri, Bhowmick, et g;;'1978) is the smaller size
of oilglobule. Also; oilglobule in newly hatched larva
of L,dussumieri is placed at anterior extremity of

yolksac while in M,corsula and M,cephalus it is located

in the middle and in L.macrolepis towards hinder end

of yolksac.

The 2.03 mm larva of L.dussumieri may be

compared to 3.24 mm larva of M,corsula (Paskrasi and

Alikunhi, op.cit), 1.7 mm and 72 hrs o0ld larva of

M.cephalus (Kuthalingam, op.cit and Chaudhuri, Bhowmick,



148

et al, op.cit respcctively) and 2.123 mm stege of

L.macrolepis (Natarsjan,A.V. and Patnaik, op.cit).

Among =211 these cases, no feature appears to be distinct
enough to facilitate their separation without much
difficulty. Even number of myotomes docs not appear to
be of much use in separeting the larvae and assigning
them to the species to which they belong, beceuse in
almost all species of mullets in India numbcring about
18, the total number of vertebrae is found to be only
243 and their preanal and postonal dispesitions are also
of the same range, from 10 to 12 precenal =2nd 12 to 14
postanal. As such, valid ddentifications of eggs and
larvae of Indian mullets appear to be possible only by
comparing ripe ova of the species with plenktonic eggs
in their early stages of development as well as by
resorting to artificial fertilization and rearing.

The 7.27 mm postlarva of L.dussumieri

may be compared to 6.435 - 7.11 mm postlarvae of M.

corsula (Pakrasi and Alikunhi, 1953) =nd 7.2 mm postlarva

of M,cephalus (Kuthalingam, 1961 c¢). In the comparison
to M.corsula, the postlarvac may be said to be in same

stage of development but for bifurcated caudal fin in

L.dussumieri., But, while comparing to M.cephalus,

larval finfold still appears to be present in the

latter and dorsal and anal fins =2re not yet indicated.
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The 8.6 m and 9 mm larvae of Mugil tade

described by Pillay (1954) may be compared to 7.27 mm

and 10.18 mm stages of L.,dussumicri. The former may

be distinguished from the latter chiefly based on
pigmentation and disposition of myotomes. In the
former, pigmentastion is in the form of a lateral row
of chromatophores, anothcr row from the base of anal
fin to caudal, some on dorsal aspect of hcad and two
rows above the side of visccra. There are 11 preanal
and 13 postanal myotomes (vertebrae). This condition
ig different from lack of such pigmentation in 7.27 mm

postlarva of L.dussumieri including absencc of a lateral

row of chromatophores in 10.18 mm strge. Disposition
of myotomes is also 7 preanal and 17 post=nal in the
former and 9 preanal and 15 postanal in latter stages

of L.dussumieri, as against 11 preanal and 13 postanal

in M,tade. In L.dussumieri, only by 14 mm juvenile

stage that 11 + 13 myotome disposition is seen.

3. 2. 14 Liza macrolepis (Smith)

Liza macrolepis (Mugil troschelli Blecker)

is another economically important mullet of capture
and culture value found in estuaries, backwaters =nd

inshore areas along both the coasts. Basu (1946)
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has denlt with acclimatization of its fry; Pillay (1947)
has given an account of its culture value in Indiag
Jacob and Krishnamurthy (1948) have studied its breeding
and fecding hrbits; Chidembaram and Kuriyan (1952)

sove o note on its breeding season, charscters nnd fnod
of fry; Jhingran =nd Jena (1964) dealt with tagging
experiments of this species in Chilka Lake; Thompson
(1966) recountcd its biology and culture; Luther (1968)
gtudicd its maturity ond spawning; Natarajan,A.V. and
Patnaik (1973) described its cmbryonic =nd lerval
development from Chilka Lake; and Reddy (1978) observed

aspccts of its biology at Porto Novo.

(a) Eggs (Figs 79, 80)

Planktonic cggs identified as of L.,macrolepis

were isolated from plankton on 6 -2 -'78. They were
pelagic, spherical and ranged in diamcters from O,66mm
to 0.72 mm. There was an oilglobule in diameters
varying from 0.19 to 0.21 mm, Yolk was spherical and
unpigmented, leaving a narrow perivitelline space. Two
stages in embryonic dcvelopment were 2veilable., In an
carlier one examined at 09.00 hr (Fig 79), pigmentation
was absent and embryo showed optic vesicles and
formation of anterior myotomes. In a later stage, at
12.00 hr (Fig 80), cmbryo was fully formed, with well
marked head, trunk =nd tail. In this stage, embryo
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and oilglobule were well pigmented with black and
yellowish brown pignents on head, trunk, t2il and
oilglobulec.

Process of hatching was observed for o
larve hatching out at 13.00 hr on 6 -2 -'78. The fully
formed embryo showcd signs of restlessness ~nd periodic
jerking and twitching movements of body, particularly
head and tail. At the moment of hatching, the egg
capsule was split open end the embryo emerged out of

the cepsule (Fig 81) with heed first and tail last,.

(b) Larvoe (Figs 82 - 84)

The ncewly hatched larva soon ~fter its
enmergence from egg capsule remained somewhat curved for
a few seconds, but straightened out soon, measuring
1.32 mu (Fig 82). Alimentary canal did not appear to
have cstablished the vent; and, it appeared as though
hatching has taken place prematurely, before formation
of vent. Yolksac was large and somewhat oval in shape
and oilglobule was located a2t hind cnd of it. Black
and yellowish brown pigments were present along dorsal
side of the larva from head region till caudal end,
along ventral 'side behind yolksac and on oilglobule.
Length of larva till the end of yolksac was 0,72 mm
and that behind yolksac w=s 0,60 mm, forming 54.5 %
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and 45.5 % of total length respcctively. A total of
24 myotomes was precsent.

The larvae hatching out between 13.00 =nd
14,00 hrs on 6 -2 -'78 were reared in laboratory for
further stoges. On 7 -2 -'78, at 10.CO hr, the larva
examined was about 21 hrs old (Fig 83). It measured
2,08 mm, the greatest body depth was in anal region,
tapering gradually towards cesudal cnd and forming a
prominent preanal region. This appeared to have rcsulted
in a reduction of preanal length, to 34 % of total.
Pigmentation was characteristic snd was mostly in the
form of yellowish brown pigment svots in hecad region,
on optic capsules, =sbove eyes, in snout, one patch above
pectoral region, one above anal region, a2 small band
above it and = vertical band covering the body excluding
larval finfold midway in postanal region. Besides,
black pigment spots were present on oilglobule and
below region of eyes. There were 24 myotomes, 11
preanal and 13 postanal,

Most larvae reared in laboratory died by
afternoon of 7 -2 ='78; and only a few had survived
till evening of samé day. Larvae cxamined at 16.00 hr
on that day werc about 27 hrs old (Fig 84). They
measured 2.23 - 2.25 mm; and the significant change

noted was intensification of pigmentation which has
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agssumed the form of five patches of yellowish brown
pigments, thrce in preanal region and two in postanal.
0f the former, the anterior two werc only confined to
dorsal aspect of body and all other patches extended
vertically in the form of bands covering bndy depth,
excluding larval finfold. Presnal length has incrcascd
in its proportion whcen comparcd to procvious stage,
attaining 39 % of total. Number ond dispnsition of

nyotomes continucd to be the same =s in previous stage.

(e) Systcmatics

Examination of maturity conditions of L.

macrolecpis at Porto Novo during 1977 -'79 has shown

that thc fish spawns there during Januery - May period.
Mature and spent specimens of this spccies were
aveilable in fishermen's catches during February '78,
the only other mullet species occurring along with it
in maturc Aand spawning conditions being L.tadc.

Reddy (1978) while studying biology of L.macrolepis

at Porto Novo has statcd that spawning scason of this
species is an extendcd one, from January tn July.
Natarajan,A.V. and Patnaik (1973) havc given an account
of cmbryonic and carly larval decvelopment of this
species from Chilka Lskc. The oozing cggs obtained by
them ranged in dismcters from 0.658 to 0.732 mm;

planktonic eggs from 0.677 to 0.732 mm and nilglobules



PLATE VII

Figures 79 - 84. Lggs and larvae of Liza macrolepis:

Figs 79 and 80. Two stages in developmcnt of the eggs;
Fig 81, impty egg capsule after cmergence of embryo;
Fig 82, Newly hatched laiva; Pig 83. 21 hrs old larva;

Fig 84,727 hrs old stage.

a

Figurcs 85 - 93. Lggs, larvae and postlarvae of Liza tade

W = *

Fig 85. Rip% ovum; Fig 86. Develdﬁing eég; I'ig 87. Impty
egg capsule;ZFig 88. Newly hatcggg larva; Fig 89, 21 hrs
old larva:; Pig 90.~42‘hrs old postiirvé; I'ig 91, 48 hrs
old postlarva; Fig 92. 66 hrs old postlarva; Fig 93,

72 hrs old postilarva. w__ﬁ'} 3 B
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in both cases measured from 0.292 to 0.347 mm. On_.the
other hanﬁ, ovadiameters of "oozing ovaries® given
by Reddy (1978) varied from 0.468 to 0.504 ma only,
thus showing variations between the two cases. Presence
or absence of oilglobule in the ova from oozing ovaries
is not mentioned by Reddy (op.cit), thus throwing doubt
as to whether by "oozing ovaries", he has actually
considered those ovaries containing ripe ova with
oilglobule or not. It may be noted in this connection
that a characteristic feature of the cggs hitherto
ascribed to grey mullets is the presence of a single,
relatively large oilglobule. .

The present cggs identified as those of

L.macrolepis differ from those described by Natarajan,A.V.

and Patnaik (1973) in that size rangc of oilglobules in
the present case is slightly smaller, between 0.19 and

0.21 mm, with average at 0,2 mm. In the ripe ova of

Mugil cephalus, Chaudhuri, Bhowmick, et al (1978)

have obscrved differcnces in the sizes of not only eggs
but also oilglobules themselves. It nppears quite
possible that such variations ere.prescnt in L.

naerolepis also; and, spart from size of oilglobule,

there does not appear to be any significant difference
between planktonic eggs in the present account and

those reported by Natarajan,A.V. and Patnaik (op.cit).
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Regarding larval stages, the newly hatched
larva described by Natarajan,A.V. and Patnaik (1973) is
longer than that in present work., But, as noted ecarlier,
in the present studies; the larva asppears to have hatched
out prematurely, =s seen from incomplete formation of
alimentary canal. As such, the smaller size may be
ascribed to this reason, Apart from this, 2.08 and
2.23 mm larvae in the present case could be compared
to one day old (2.123 mm) and two days 0ld larvae
reported by Natarajen,A.V. and Patnaik (op.cit).

Between the two cases, the principal difference appcars
to be lack of mention by the above authors about the
presence of larval pigmentation and the morc forward
position of =2nus in present material than in the oncs
given by them. It may be noted in this conncection that
in early larval development of mullets anus makes a

forward movement, as seen in Mugil corsula by Pakrasi

and Alikunhi (1953) and in Liza dussumieri (vide: 3. 2.

13). In the present larvee of L.macrolepis however,

a backward shifting in position of anus takes place in
larval growth. In the larvae described from Chilka
Lake also pre=snal length is observed to undergo an
increase, although not of the same proportion as in
the present case. Prom available informetion it

appears as though in species like M.corsula =nd L,
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dussunieri there is a quick reduction in preenal

proportion in early larval development.

3. 2. 15 Liza tade (Forssk2l)

This is another commercially important
muallet, found more abundantly along cast coast of India
than along west. Basu (1946) reportcd onthe occurrence
of its fry; Pillay (1947; 1954) dealt with possibilities
of its culture and aspects of its biology; Jacob and
Krishnamurthy (1948) noted its breeding and feeding

habits; and Thompson (1966) recounted on its spawning
period.

(a) Eggs (Figs 85 - 87)

Mature, ripec and spent specimens of Liza
tade were available at Porto Novo during January - May
period of 1977 - '79, marking its breeding period there,
This is in agreement with the observation of Reddy
(1978) from the same locality. Ripe ova of L.tade
collected during February 1978 (Fig 85) ranged in
diameters from 0.54 mm to 0.72 mm, with a clear, un-
segmented yolk containing an oilglobule of 0.126 to
0.162 mm in diameter. Perivitelline space was rather

narrow; and there was no pigmentation on yolk or
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oilglobule, Earlier obscrvation on ova of this species
is that of Pillay (1954) who has given the dismeter
range in "nearly ripe" condition as from 681 +o 720
micra.

Planktonic eggs were collected on two days;
6th and 7th February 1978, nine on the former occasion
and seven on the latter., They ranged in diamecters from
0.631 to 0,727 mm, with oilglobulc in dismeter range of
0.126 to 0.188 mm, Yolk wans clear, necither segmented
nor vacuwolated and left a narrow perivitelline space.
All eggs collected on both deys were in the same stage
of development at 09,00 hr (Fig 86) with well developed
head, trunk and tail. A few brownish black pigment
spots were present on dorsal side of body, icluding
head region., Such pigmentation was seen in oilglobule
also.

Process of hatching in all eggs reared in
laboratory took place between 12,00 and 14.00 hr on both
days of collection. As in other mullets, the process
was accompanied by twitching and turning movcments of
embryo, splitting of egg capsule (Fig 87) and

emergence of embryo in a partly curved condition as

newly hatched larva,

(v) Larvae (Figs 88, 89)

Newly hatched larva at 12.00 hr on
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6 -2 -‘78 measured 1,309 mm (Fig 88). Yolksac was
large =nd oilglobule was located at front end of
yolksac, There were minute black pigment spots all
along dorsal aspect of body, from head to tail. Black
spots were also present on oilglobule. A large, black
pigment was observed on the body above hind end of
yolksac. Alimentary canal di? not appear to have been
formed. About 16 myotomes could be counted in region
behind yolksac; and length of larva infront of hind
end of yolksac was 39.49 % of total length.,

Larvae hatching out on 6 -2 -'78 were
reared in laboratory for more advanced stages. In the
stege examined at 10.00 hr on 7 -2 -'78, at an age of
21 hrs and measuring 1.92 mm (Fig 89), body has become
considerably elongated and streamlined; but mouth has
not yet been formed and eyes remained unpigmented;
still marking larval condition. ILarval finfold has
become more prominent than in previous stage. There
were three groups of black pigments on hcad, anterior
and dorsal to eye region and another group below it.
On oilglobule and at anus, black pigments and light
yellowish green ones were visible., Two prominent black
pigment gpots; one above anal region and another a
little behind it appeared to be characteristic of this
stage. In middle of postanal region a vertical band
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of light yellowish green pigmentation was present.
Alimentary canal was fairly well formed and oilglobule
was still present. Depth at anal region including
larval finfold was 0.4 mm and depth of body proper was
0.11 mm. Preanal length was 32 ¢ of total; and there

werc 6 preanal =nd 18 postanal myotomes.

(¢) Postlarvae (Figs 90 - 93)

Postlarvae were obtained by rearing eggs
collected both on 6 and 7 -2 -'78. On 9 -2 -'78, at
10.00 hr, the larvee were 42 hrs old and measured 1.70mm
(Fig 90). Mouth has developed as a2 small cleft and
eyes were pigmented black., Middle region of body was
the decpest, measuring 0,5 mm and it tapered gradually
posteriorly. Body proper has increaded in depth, to
0.16 mm., Larval opercular cleft has devcloped as a
constriction behind head region; and pectoral fin has
devcloped 28 a membraneous, semicircular flap.
Pigmentation consisted of a large; black, branching
chromatophore above pectoral region, 2 few minute
patches behind ~uditory region, minute black spots in
chin, a large black p=tch at ventral aspect of wvisceral
region and a scries of minute black spots =long ventral

aspect of postanal rcgion. Precanal length has become

30 % of total; =and disposition of myotomes was 6

preanal and 18 postanal in this stage also.
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In a 48 hrs o0ld stage recared from an egg
hatched out on 6 -2 ='78, surviving on 8 -2 -'78 and
still measuring 1.70 mm (Fig 91), thc principal changes
recorded were reduction in depth of lerval finfold,
increase in sizc of mouth and slight increase in
pigmentation in visceral region. Preanal length has
become reduced to 25 % of total. Number and disposition
of myotomes in this stage =2s well =os the succeeding
ones remained the seme as in previous. 66 hrs old
postlarva reared from eggs collected on 7 -2 -'78 and
exenined on 10 -2 -'78, measured 1.75 mm (Fig 92).

It was characterized by disappearance of ventral series
of pigments and localization of the ones in visceral
region, assuming the form of six patches. Preanal
proportion in this stage and the succeeding one remained
the same as in previous one. In 72 hrs o0ld specimen
examined on the same day as the previous one and also
measuring the same length (Fig 93), the only difference
observed was a slight diffusion of pigments in visceral
region and sppearance of a few spots on dorsal aspect,

above midbrain.

(d) Systematics

Similarities between ripe ovarian ova and
planktonic eggs, particularly in diameter ranges and

size of oilglobules have served to identify the
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present eggs as those of L.tade. Pillay (1954) studied
"nearly ripe" ova of this species from Bengal and gave
their diameter range as from 681 to 720 micra. Presence
or sbsence of oilglobule in ova is not mentioned by the
anbove author. As recorded by Natarajan,A.V., and Patnaik

(1973) in L.macrolepis and as observed in L.dussumieri

(vide: 3. 2. 13), there appears to be only minor
variation in size of ripe ovarian ova and plenktonic
eggs of the concerned mullet species, owing to very
little swelling of eggs due to hydration and after
fertilization.

Eggs of L.tade could be casily distinguished
from those of Mugil cephalus (Nair,G.S., 1957 b;

Kuthalingam, 1961 c¢; Chaudhvri, Bhowmick, et al, 1978)

in that the former contain:a much smaller oilglobule

of 0,126 - 0.188 mm diameter range than the large sized
oilglobule of 0,29 - 0,38 mm diemeter of the latter.
0ilglobule in eggs of M.corsula is still larger, of

0.57 - 0,615 mm in diemeter (Pakrasi and Alilunhi, 1953).
In having a much small sized oilglobule, the eggs of

L.,tade rcsemble those of L.macrolepis (0,19 - 0,347 mm)

and those of L.dussumieri (0.154 - 0.165 mm), But,

eggs of L.tade could be distinguished from those of

L.,macrolepis in that in newly hatched larva of L.tade

oilglobule is situated at the front aspect of yolksac
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while in newly hatched larva of L.macrolecpis it is

located at the hind end. In between newly hatched

larvae of L.tade end L.dussumieri in both of which the

nilglobule is situated at front end of yolksac, the main
feature of diffcrence is the presence of a2 vertical
band of light yellowish brown pigments in middle of

postanal region in L.dussumieri =nd its sbsence in

L.tade.
More advanced stages of about one day old

in L.,tade, L.dussumieri and L.macrolepis show much more

features of similarities =mong one another, including
general pattern of pigmentation. However, larvae of

L.tade and L.dussumieri could be distinguished from

comparable stages of L.,macrolepis in possessing a

prominent ventral pigment spot a little behind anal
region and in the lack of two dorsal pigment patches
behind head rcgion. And, between larvae of L.tade

and L.dussumicri, the main fcature of difference is

the presence of dark brownish chromatophores along
dorsal and ventral side of postanal vertical band

in L,dussumicri and its absence in L.tade.




163

(E) Pamily Polynemideae

The "Threadfins®, forming this Family-are

composed of the gencra FPolynemus, Eleutheronema and

Polydactylus; 2nd arc found in marine and brackish

waters, along both the ccasts of India., Average annual
production from this rescurce in the country is about
15,000 tonnos in recent years. The most important

species is Eleutheroncma tetradactylum, growing upto

1.8 m, supporting fisheries particularly in north-west

and north-casst arcas.

3. 2. 16 Polynemus sextarius (Bloch =nd Schneider)

Among various species of polynemids

occurring in the seas arrund India, Polynemus scxtarius

is one, the biology =and e=rly development of which are
not known, although these aspects of some closely

related speecies such as P,.indicus, P.paradiseus and

Eleutheronema tetradactylum are studied in some detail.

P,sextarius is a common polynemid found at Porto Novo.

During 1977 - '79 this species was observed to spawn
off Porto Novo during July - September, as evidencced
by occurrcncc of partly spent specimens in fish

landings and of postlarvac in plenkton.
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(a) Postlarvae (Figs 94 - 97)

2.509 mm (Fig g4):-~ Date of collection: 10 =10 -'77.

Body was elongsted with head
forming the most prominent region =2nd body tapering
gradually towards hinder end. Greatest depth of
postlarva was at the region of midbrain., DLarval finfold
was still present, although in 2 much reduced form.
Cendal region was rounded off posteriorly end showed
beginnings of a few roys. Mouth gape was large and
lower jaw was slightly longer then upper. Eyes were
pigmented black and postlarval opercular cleft has
formed., Auditory capsule was large and viscera was
short and deep. Pigmentation was rather sperse and
was in the form of = few pigment patches in visceral
region, one dorsally, a horizontal patch in middle;
one spot at side of anus and another in ventral region
of viscera., Preanal length was 50.3 % of total length:
and there were 9 preanal and 14 postanal myotomes; the
total number corresponding to adult vertebral number
of 23
3.60 mm (Fig 95):- Date of collection: 8 -8 -'77.

The postlarva has undergone
dorsoventral expansion of body and its anterior half
has undergone progressive development. Head has become

much more prominent, 2 series of minute triangular
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teeth has developed in upper jaw, a few caudal fin

reys have formed, dorsal and anal fin origins have

becn indicated in the form of medisn thickenings of

larval finfold, branchiostegzals were visible and

pigmentation has increased. Infront of opercular base

a trisngulor spine was present, directed ventrally.

Pectoral fin was membrancous and semicircular, At

ventral aspect of lower jew a black, brenching

chromeatophore has =appecared; another one at the base

of opercle, a prominent pigment patch behind upper end

of it, one patch in the middle of hinder wall of viscera,

two patches on its ventral aspect, one pigment behind

head region dorsally and a series of nine spots =

ventral aspect of postanal region. There was slight

incrcase in preanal proportion of the postlarva, forming

51.3 % of total length. There were 6 precanal and 17

postanal myotomes, showing =2 decressc in prcanal number

end a corresponding increase in postanal number.

4.85 mm (Fig 96):- Date of collection: 10 -8 -'77.
Significant changes noted in this

stage over the precvious were appcarance of a few conicel

teeth at the tip of lower jaw (teceth on upper jow

also having assumed a conical structure) and progressive

development of dorsal, anal and caudal fins, most rays

of caudal having become 2 to 3 jointed. Pigments
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in the rcgion of viscers have become more enlarged
than in previous stoage. There were two pigments 1t
the hind end of head dorsally:; =nd in preopcrcular
region laterally a pigment patch has appearcd. When
compared to previous twn stages, preansl length in the
present one showed a distinct rcduction to 42.2 % of
total length. Pre-sccond dorsal proportion was 54.2 %
of total. Number and disposition of myotomes in this
stage continucd to be the ssme as in previous.
6,52 mm (Fig 97):- Date of collection: 10 -8 -'77.
Body has become much more elongated,
particularly in postanal region. Dorsal and anal fins
heve become more prominent with sbout 12 dorsal; 10
anal and 20 caudal ray elements, the caudrl region
itself having assumed a somewhat oval shape, most of
its rays showing 3 to 4 segments. In lower jaw conical
teeth have appeared in middle and hinder regions also.
Pigmentation continued to be almost of the same pattern
as in previous stage, but for postanal rcgion where
pigmentation has become localized in the form of two
patches, a2 small one followed by a larger onec.
Preanal length has become further reduced to 41.5 % of
totaly; and pre-second dorsnl length has become 50,1 %
of total. Number and disvosition of myotomes

remained the same as in previous stage.
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(b) Juvenile (Fig 98)

The only juvenile measuring 22.4 mm was
collected from trawl catches off Porto Novo on 30 -11 =77.
Body has become nolynemid - like; s~nd snout region has
become prominent, making upper jaw much longer than
lower one and mouth inferior in position. Along
preopercular margin & series of five pointed spines was
present, directed backwards. First dorsal fin showed
one short =nd seven long spines. In second dorsal
there wos an anterior spine followed by twelve rays.
There were 33 caudal ray clements, most of which showed
T to 10 segments. In snal fin thcre werc three spines
followed by about 12 rays; in pelvic fin there were
-about T rayss in upper pectoral fin aboutﬂlé) ays;
and in lower pecteral fin six frece filamentous rays
were present. The juvenile was somewhat light brownish
in colour in fresh condition and turned slightly flesh-
c¢nloured in formalin., Pigmentation was rather sparse
and in the form of a group of svots below rcgion of the
two dorsal fins, above lateral line region and a few
spots above prenpercular region. Also, 2 series of
pigments along the border of first two rows of scales
on dorsal side was present (not shown in the figure).

Prernal proportion has incrcased to 47 % of total

length and predorsal length was 23.5 % of total.
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There were 9 preanal ~nd 14 postannl myotomes, the
number snd disposition corresponding to adult vertebral

condition.

(¢) Systematics

In 2,509 mm postlarva the number and
disposition of myotomes correspond to the adult condition
of 9 preanal + 14 postanal, But, in 3.60 to 6.52 mm
stages there is = reduction in preannl myotome number
to 6 ~and ~ correcsponding increasc in post=nal number to
17. However, by the time development reaches juvenile
stage, disposition of myotomes attains vertebral
disposition as in 2dults, seen in 22.4 mm juvenile.
Similerly, in preanal proportion of postlarvae, an
initial incrense takes place followed by = decrease
and further incrcase by juvenile condition.

Bal and Pradhan (1946) have given
descriptions (but not figures) of four groups or "stages"

of postlarvae of Polynemus tetradactylus from Bombay,

of which specimens measuring 4 - 6 mm are grouped in
"stage I" and specimens upto 18 mm in “"stage II",
Number and disposition of myotomes in the postlarvae
in relation to =adult vertcbral condition =rec not
mentioned by them., And, from description given by
them it appears that pigmentation in comparable stages

of present material is in the form of a2 black spot
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in the upper jaw and sbout five black chromatophores
along the basc of anal fin, which is different from the
present materirl., "Stage IT" =nd "stage ITI" groups
of the asbove authors, including specimens upto 24 mm

may be compared to 22.4 mm juvenile of P.sextarius in

the present studies, The former are sagd to show well

defined characters of adult P.tetradactylus cxcepting

general colouration of body. The four free pectoral
filaments have also developed in the above species as

also the six pectoral filaments in P,sextarius. Also,

in P.tetradactylus a median pigment spot is said to be

present at the tip of snout, unlike its =bsence in

P.sextarius.

Sarojini 2nd Malhotra (1952) have described

larvae and juveniles of Eleutheronema tetradactylum from

West Bengal, ranging from 6 to 24 mm. Of these, 6 mm

stage may be compered to 6.52 mm larva of P.sextarius.

The principal difference between the two is the number
and disposition of myotomes which is 9 preanal and about
15 postanal marked in the figure of former as =against

7 preanal and 16 postanal in P,sextarius. Apart from

this, there is =21so difference in pigmentation,
particularly in posterior region which is in the form
of a row of chromatophorecs on either side of body from

anal fin to caudal fin in E, tetradactylum, but only
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two pigment patches in P,sextarius. Ceudal fin in E.

tetradactylum is truncate in 6 mm stage, but somewhat

semicirculer in 6.52 mm of P.sextarius. 24 mm juvenile

of the former differs from 22.4 mm of latter in having
2 pointed snout, only four free pectora} rays and in
intensity of opigmentation. particularly in postanal
region ventrally.

Jones,S. and Menon (1953) described eggs,

larvae and juveniles of Polynemus paradiscus from

Hooghly River. 2.5 mm larva of this species is said to
be without mouth and anal opening, but position of anus
is indicated near 8th myotome, This is different from

2,509 mm stege of P.sextarius in which postlarval

characters are already seen. 3.60 - 4,85 - 6,52 mm

stages of P.sextarius comparable to 3.5 - 4.3 - 5.6 mn

stages of P.paradiseus differ from the latter in having

the mouth gape not extending beyond middle of eye and

in details of pigmentation. In P,paradiseus Jones,S.

and Menon (op.cit) heve observed development of free
pectoral rays at 8.5 mm; and they cxtend heyoﬁd upper
lobe of pectoral fin when the fish reaches 12 mm long.

Such comparable stages are not available for P.sextarius;

and 22.4 mm juvenile shows full complement of free

pectoral rays,

Kuthalingsm (1961 a) hns given an =sccount
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of eggs, larvae, postlarvae and juveniles of Polynemus
indicus reared in laboratory. 2.4 snd 2.8 mm larvae
described by Kuthalingam (op.cit) may be compared to
2,509 mm postlarva in the present account. Principal
difference betwecen the two appears to be the presence
of yolk =nd oilglobule and higher number of myotomes,
12 preenal + 15 - 19 postanal in the former but only

9 preanal + 14 postanal in the present material, Also,
3.6 mm in the present study when compered to 3.8 mm
stage given by Kuthalingam (op.cit) differs from the
latter in that it has "about 23 preanal myotomes",
statcd in the text but only 12 shown in the figure,

as against 6 preanal and 17 postanal in P.sextarius.

In 9.2 mm postlarva described by Kuthalingam it is
gtated that there is no change in number of presnal
myotomes, thus implying the presence of 23 preanal
myotomes in this stage also.

Kowtal (1972) has given an account of eggs,

larvac and postlarvae of Eleutheronea tetradactylum

from Chilka Lake, Larvae and postlarvae described by
him differ from the present material principnally in
the different myotome number, 27 in the former and only

23 in the latter. Between 2.509 mm stage of P.sextarius

and 2,65 mm of E,tctradactylum, the latter shows some

advanced features such as appearance of teeth on both
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jaws and morc prominent head in latter than in the formcr.
Preanal proportion in the former is 50.3 % of total
length but in the latter it is only 47.6 %. 3.85 mm

and 4.75 mm stoges of E.tetradactylum have 9 preasnal

and 19 postsnal myotomes while in comparsble 3.6 and

4.85 mm stages of P.sextarius there are only 6 preanal

and 17 postanal myotomes., Besides, in E.fetradactylum

precnal length shows a reduction from 43.6 % in 3.85 mm
stage to 41.1 % in 4.75 mm stage, while in the present
material the rcduction is from 51.3 % in 3.60 mm stage
to 42.2 4 in 4.85 mm stage. In 4.75 mm stage

described by Kowtal (op.cit), chromatophores along

the base of anal fin arc stated =2s aggregating at

five or six places, small black chromatophores near
mexillary symphysis and on upper side of pectoral

fin. In these respects pigmentation in carly life

history stages of E.tetradactylum differs from that

in early life history stages of P.scxtarius.
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(F) Femily Sillaginidae
Femily Sillaginidae conmprising the

"whitings® and represented by the genera Sillago,

Sillaginodes =nd Sillaginopsis is mostly marine and

brackish water, distributed in Indo-Pacific region.
Two valid spnecies of commercial importance are reported

from Indis, Sillago sihsma and S.maculata. These

differ from cach other by the prescence of conspicuous
dark blotches on back and flanks in the latter and
absence of such blotches in the former, apart from

other characters.

3. 2. 17 Sillago sihams (Forssk3l)

Sillago sihema, popularly called "Indian

sand whiting" is a much valued fish of both capture and
culture importance. Although not cultured on a
commercial scale as yet, potentialities for such
operations are being cxperimented upon. Length freguency
distribution and aspects of maturity and spawning at
Karwar were investigated by Palckar and Bal (1960;

1961); =aspects of biology in south-esst cosst were

studied by Radhakrishnan (19543 1957):; and eggs ~nd
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larvee from Japan were reported by Ueno, Senta and

Fujita (1958).

(a) Postlarvae (Figs 99 - 104)

A large number of postlarvae was collected
from plankton off Porto Novo during August ~nd Septcmber
1977, of which the following six could be considered
as represcentetive.

2,87 mm (Fig 99):- This was an early postlarval stage
in which mouth was formed, eyes
were pigmented but 2 large amount of grenulated yolk
was still present and larval finfold was quite prominent.
Head was the most prominent part, followed by visceral
region and o gradually tapering postsnal portion.
Lower jaw was slightly longer than upper; =nd pectoral
fin appeared as 2 circular membrancous arces in visceral
region laterally. Therc was o pigment srtot at anterior
aspcect of head, a few pigments in anterior ond dorsal
aspect of viscera and a series along ventral aspect
of postanal region. Fine striations of larval finfold
could be seen in caudal end. Preannl length was 37.4 %
of total; and therc wecre 7 preanal ~nd 27 postronal
myotomes.
3,29 mm (Fig 100):- More important changcs noticed

in this stage over the previous

were formation of larval opercular cleft, reduction in
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preanal length to 29 ¢ of total, incrensing polorizetion
of pigments in visceral end postanal regions nnd increase
in coudal striations, Also, pigment spots have appeared
at ventral aspcet of viscera. Number and disposition
of myotomes in this stage as well as the following two
remained the same as in previous one.
3.54 mm (Fig 101):- There wns a slight increase
in pigmentation at this stage,
in the form of two spots at lateral ~spect of opercular
cleft. Striations have appcared in pectoral fin flap
and ray likec formations were seen in caudal region,
which has assumed n rather truncated shape. Preanal
part of the specimen hos incriased in length, forming
34 ¢4 of total.
3.67 mm (Fig 102):- The significant feature of
development in this stage was
further increcasc in preenal length to 39 ¢ of total,
Pigmentation on ventral aspect of viscera in this as well
as previous stages was in the form of = transverse
band a2long its anterior aspect, a patch ot its hinder
end and two brenching chromatophores in between the
above two. Postanal pigmentation was in the form of

14 spots ventrally, commencing from a little behind

anus.

5.83 mm (Fig 103):- An~l fin in this stage has
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developed in the form of about 10 rays behind enus on
larval finfold, which has become considerably reduced,
particularly dorsally. Ceudal fin has assumed a
truncated shape with indications of a number of rays.
Pecctoral fin has become somewhat fan shaped and pelvic
fin has appeared =2s a membraneous structure with
indications of a fzy minute rays infront of anal
region. Head has become much prominent with greatest
depth of the postlarva at the region of midbrain.
A few minute conical teeth have appeared in upper jaw.
Pigmentation has increased further with a black pigment
patch ventrally below level of eyes and another patch
a little behind, infront of opercular base., Visceral
pigmentation was in the form of a patch above midgut
and three pigment patches along base of pelvic fin.
- Behind opercular region ventrally there were threc
pigments one infront and two behind pectoral region.
Preanal length has increased further, smounting to
40,5 % of total length. There was an increase in number
of preanal myotomes to 11 and a decrease in postanal
number to 23, obviously by backward shifting in position
of anus.
6.85 mm (Fig 104):~ This stage was characterised by
development of second dorsal fin

in the form of =2bout 23 independant rays in postaenal
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region of the body, further'geVelopment of enal fin
with 20 rays and rhomboidal appearance of coudal fin
with about 18 rays most of which were segmented 3 to

4 times. Darval finfold has become further reducecd

and pigmentation has increessed particularly in visceral
region, with the appearance of a few pigments ventrally.
Infront of origin of anal fin a prominent pigment was
present, followed by sbout 18 spots ~long anal base

and o contimious patch behind it, extending upto

caudnl peduncle, Also, a single partly sunken pigment
spot was present in auditory region. Preanal length
has further increased to 41.2 % of total length; and
predorsal proportion was 46.4 % of total., Number and
disposition of myotomes continued to be the same as

in previcus'stage, .

(b) Juveniles (Figs 105 - 107)

The following juvenile stages collected in
fry net ‘catches ‘at the mouth of Vellar Estuary appeared
to he representative in juveniie phase of develoﬁment.
8.38 mm (Fig 105):~ Head continued to be the most

important part of the juvenile
and postcephalic region tapered gradually towards
hinder end. Lower jaw continued *to be longer than the
upper and a few minute ‘conical tecth have appeared on
it also. First"dofséi’fﬁh'ﬁhé"dgVélbped in’ this
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stage with about 7 spines; and second dorsal fin
contained about 21 rays. Pelvic fin has shifted its
position from postlarval condition infront of anus to
a much forward locetion below level of pectoral fin.
Precise number of rays in pelvic fin could not be
asscertained. Caudal fin has developed the beginning
of bifurcation with a curvaturc at its hinder margin,
A partly sunken pigmented area has appeared at hind end
of brain dorsolaterally. Ventrally, behind larval
opercular cleft a pigment was present; at the base of
anal fin a serics of 15 pigment spots; behind second
dorsal fin two patches; laterally infront of ceudal
peduncle two patches; and along base of caudal fin
dorsoventrally a series of pigment spots were present.
Preanal length remained almost the ssme in relation to
total as in previous stage; but disposition of myotomes
has changed to 12 preanal and 22 postanal., Predorsal
proportion was 33 % of total length. The juvenile has
assumed a somewhat pale yecllowish colouration as in
adults, as different from whitish colour of postlarvae.
11,37 mm (Fig 106):- No significant change was
observed over the previous but
for increcase in bifurcation of caudal fin, appearance of
a few pigments at the base of lower caudal lobe and

anal region. Pale yellowish colouration-observed in
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the previous stage was present in this stoge as well as
the following ones.
19,06 mm (Fig 107):- Principal changes observed in
this stage were increase in

number of spines and rays in the fins: first dorsal to 9
spines, second dorsal to 22 rays, anal to 24 rays and
pelvic to about 6 rays. Pigmentation h~s increased,
as a group above and behind eyes, two dorsolateral
pigments at hind end of head and one pigment in the
middle of upper jaw. Disposition of myotomes was 14
preanal and 20 postanal, as in =2dult conditicn,

A few more juveniles in size range of
50 mm - 150 mm collected in fry net catches were available
for study. These conformecd to adult condition in all
essential feetures, but showed a gradual increase in
proportion of preanal length. Thus, in 50 mm juvenile
preanal length was 40 % of total, as also observed in
the previous juvenile stages; but in a 56 mm juvenile
preanal length was 44 % of total and in a 150 mm stnge
it was 48 %. These facts showed a secondary backward

shifting in position of =nus.

(¢) Systematics

Besed on presence of mature and spent
specimens of S.sihema at Porto Novo and occurrence

of postlarvac and Jjuveniles in plonkton and fry net
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Tigures 94 - 98. Postlarvee and juveniles of Polynemus
sextarius: TFigs 94 - 97. Postlarvae, Fig 94, 2.509 mm;
Fig 95. 3.6 mm; Fig 96. 4,85 mm; Fig 97. 6.52 mm; Fig

98, 22,4 mm juvenile,

Figurcs 99 - 107. Postlarvae and juveniles of Sillago
sihama: Figs 99 - 104. Postlarvae, Fig 99. 2.87 mm;
Fig 100, 3.29 mm; Fig 101, 3.54 mm; #Fig 102. 3.67 mm;
Fig 103. 5.83 mm; Fig 104. 6.85 mm; Figs 105 - 107.
Juvcnile stages, Fig’ib5. 8.38 mmy Fig 106. 11,37 mm;
and Fig 107. 19,06 mm.

Figures 108 - 112. Eggs and postlarvae of Gerres
oblongus: Figs 108 and 109, Eggs in two stages of
development, in formalin; Figs 110 - 112, Postlarval
steges, Fig 110, 2,91 mm; Fig 111, 6.07 mm; TFig 112,
8.58 mm,
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collections in coastal areas, it is obvious that
spawning season of this fish in Porto Novo lgsts from
about July to October. In adults of S.sihama there are
34 vertebrae; 14 preanal and 20 postanal. In postlarvae
however; disposition of myotomes is 7 preanal and 27
postanal in 2,87 and 3.29 mm stages, 10 + 24 in 3.54
and 3,67 mm, 11 + 23 in 5,83 mm, etc, thus showing a
gradual increase in preanal myotome number and a
corresponding deccrecase in postanal number, till adult
condition is attained in an advanced juvenile stage.
Earlier work on development of S,sihama
is that of Ueno, Senta and Fujita (1958) from Japan.
2.87 mm postlarva when compared to 2.6 mm stage
described by the above authors appears to be in a
slightly later stage of development and shows difference
in pigmentation at preanal part of body ventrally.
Alimentary canal in the above larva described by Ueno;
et 21 (op.cit) appears to be elongated, but in the
present material it is much shorter, Also, preanal
length in the former is 45.7 % of total lengtﬁ‘ﬁhile
in the latter it is only 37.4 %. Further, 3.1 mm
postlarva described by them shows an increase in preanal’
length to 45.8 % while in 3.29 mm postlarva of present
study there is a reduction in prean=l length to 29 %,
Similarly, in 5.9 mm of above authors preanal length

* Percentages based only on the figures given by the above
authors gnd not based on any description.,
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has become further reduced to 43.8 % of total length
while in the present 5.83 mm postlerva, it is only

40.5 % of total. Further reductions to 41 % and 40.3 %
are registered in the postlarva of 9 mm and juvenile

of 15.5 mm respectively given by Ueno, et al (op.cit);
but in 6.85 mm postlarva and 8.38 mm juvenile in the
present account preanal length is about 41 4, thus
almost reaching the condition as in the above two stages
from Jepan. In the present postlarvee, reduction in
proportion of preanal length was noticed in early stages,
from 2.87 mm to 3.29 mm stage, followed by a gradual
increase till 150 mm juvenile condition. But, in the
Japanese material there is a reduction from 53.2 % in
newly hntched larva to 45.7 % in 3 days old (2.6 mm)

and further reduction in later stages till reaching
40,3 4 in 15.5 mm. In later steges figurcd by Ueno;

et al (1958) there is a gradual increase in preanal
proportion from 42.4 % in 13.3 mm juvenile to 44 % in
22.4 mm juvenile, These facts show that 2lthough in
postlarval development of S.sihama described by Ueno,

et a2l (op.cit) from Japan there is a gradual reduction
in preanal proportion, in juvenile development there

is a distinct increase. It is not known as to whether
such differences are related to geographical differcnces

or to specific or subspecific factors, if any.
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(G) PFamily Gerreidae

The "silver biddies® or "Mo jarras"
constituting this Family are represented by two known
genera of commercial value in Indian waters, Gerres and

Pentaprion. The former can be distinguished from the

latter in having an anel fin shorter than soft part
of dorsal =2nd hevinz 2 to 4 spines nnd 7 to 10 rays,
as against anal fin longer than soft part of dorsal
as well as 5 to 6 spines and sbout 12 raye in anal fin
of latter gemus. They zrc usually meorine ~nd brackish

water, rorcly entering fresh water. Gerres filamentosus,

G.oyena, G.oblongus, Pentaprion longimanus, etc are

commonly found along both coasts of India and are

important food fishes,

3. 2. 18 Gerres oblonguvs Cuvier

Gerres nblongus is commonly found in

Porto Novo, caught in trawlers, shore-seines, etc.
It is also observed in Vellar Estuary and adjacent
brackish water areas. A perusal of literature shows

that little is known on its fishery and biology.
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(a) Eggs (Figs 108, 109)

Two eggs collected from plenkton on
10 -10 -'77 and preserved in formalin were identified
28 those of G.oblongus. They were spherical, ranging
in diameters from 0.63 te 0,73 mn, provided with a
pigmented oilglobule of 0,21 mm and vacuolatecd yolk,
leaving a perivitelline space. In an earlier stage of
development (Fig 108) there was no indicatinn of ecmbryo;
and in a later stage (Fig 109) the embryo appeared to
be fully formed. Mature, Stage V ovaries of this
specics examined during this period contained ova of

0.4 = 0.5 mm diameter.

(b) Postlarvae (Figs 110 - 112)

2.91 mm (Fig 110):- ~ Datc of collection: 9 -10 -'77.
This was an early postlarva, in

which mouth was formed, eyes not fully pigmented but

showing a brownish colouration =and yolk was not yet
fully utilized. Larval finfold was still prominent

and the most prominent part of pestlarva was its head,
from which body tapercd gradually towards hinder end.
Pectoral fin has alrcady decveloped, was membraneous and
somewhat semicircular. A black pigment spot was
present on forechead and a series of partly sunken
chromatophores along dorsal margin of viscera,

Preanal length was 32.6 ¢ of total length; »nd there
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were 7 preanal and 17 postanal myotomes,
6.07 mm (Fig 111):- In this stage, collected on the

| same day as the previous one,
body has become more deep, eyes have bccome pigmented,
larval finfold has become considerably rcduced, dorsal
and anal fins were indicated and caudal fin was formed
with about 18 rays most of which were 2 to 3 segmented.
Lower jaw was longer than upper, the latter showing a
few minute conical teeth., Pigmentation consisted of
four long pigment patches in visceral region dorsally
and a series of patches along base of anal fin. Preanal
proportion has increased more, forming 37.4 % of total
length. Number and disposition of myotomes in this
stage and the following one continued to be the same
as in previous one.
8.58 mm (Fig 112):- Date of collection: 12 -10 -'77.

Body has become elongated, first

dorsal fin was indicated and all fins were in progressive
stages of development. In second dorsal fin about 14,
in caudal =about 18 and in anal about 10 rays were present,
Caudal fin has assumed a truncated shape; pectoral fin
rays have become more marked; and pelvic fin has
developed as a paddle shaped structure below visceral
region. Pigmentation was in the form of a few spots

on dorsal aspect of head behind eye region, n spot at
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the base of pectoral fin, a series of five large
pigment patches on dorsal aspect of viscera, two patches
at ventral aspect of hindgut, onc pigment streak in
nidlateral region santeriorly, a series of spots and
patches from middle region of first dorsal till region
of ceudel peduncle at the base of dorsal fins and a
ginilar basal patch from begirning of anal fin till
caudal pedﬁncle. Preanal length has become further
longer, forming 38.1 ¢ of total length. Pre-first
dorsal length was 32,5 % =2nd pre-secnnd dorsal length
was 46.5 %4 of total length,

(¢) Juveniles (Figs 113, 114)
13.16 mm (Fig 113):- Much more progressive chenges
have teken place in this stage
collected from fry net catches at mouth of Vellar
Estuary on 15 =10 -'77. Body has become more stream-
lined, mouth has developed a characteristic protrusible
condition, first dorsal has developed 9 svines, second
dorsal had about 10 rays, caudal fin has become distinctly
forked with about 36 segmented rays, =nal fin with
3 spines and about 9 rays and pectoral as wecll as
pelvic fins were more clearly defined. Pigmentation
consisted of a group of branching chromatophores at
hind region of head dorsally, two bronching chromato-

phores behind upper end of prcoperecle, a patch at
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margin of opcrcle in middle, & branching chrom~tophore
at base of operculun, = group of partly sunken pigments
in visceral region, two prominent branching chromato--
phores one at hind end of first dorsal =nd the other
at the hind end of second dorsal, = scrics of seven
chromatophores =long base of anal fin, two behind it
and two vertical patches at base of caudal fin laterally.
Preanal length hnas become slightly more increased, to
39.8 % of total length., Pre-first dorsal and pre-second
dorsal proportions were 30.7 % and 46.3 % respectively
of total length.
17.08 mm (Fig 114):- In this stage, 2lso collected
cn the seme day ~s the previous
one, pigmentation has further increascd, but not
significantly, over previous stage, At hind end of
first dorsal fin three branching chromatophores could
be scen instead of onc as in previous stage, followed
by a single chromatophore further behind; and, in
caudal peduncular region laterally, two chromatophores
have appeared., Pectoral fin has become somcwhat
triangular; and precanal region has becomc much more
long in provortion, forming 44.5 % of total length.
Pre~first dorsal and pre-second dorsal lengths were

27.3 % and 46.3 % of total length respcctively.
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(a) Systematics

As judged by appearancc of mature and spent

specimens in local catches, G.oblongus may be said to

breed off Porto Novo during September - November period.

TIdentification of present eggs as those of G.oblongus

is based on size of mature ova cxamined and size range

of preserved planktonic eggs., V=acuolatcd condition

of yolk =2nd pigmentation of nilglobule are characteristic
of the eggs nf Gerreidae, as earlier sketched by Rass
(1972)., Number and disposition of myotomes tallying
with adult vertebral condition are confirmatory of

their identification. The only other species of Gerres
found in mature =and spawning condition at Porto Novo

during September - November, 1977 was G.setifcrus, but

postlarvae of it can be differcntiated from the present
ones in diffcrence in pigmentation and number of
first dorsal spines (vide: 3. 2. 19).

Nair,R.V.(1952 ¢) has given an account of

juvenile stages of G.lucidus (G.setiferus), the smallest

one of which measurcd 12 mm, There arc many features
of resemblence between description and figures given
by him and 17.08 mm in present account, particularly

prigmentation. G.setiferus has 10 dorsal spines; but,

in the specimen described by Nair,R.V.(op.cit) there

are only 9 spines, indicating that the specimen
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described by him actually belong to G.oblongus =and

not to G.setiferus.
Shojima (1958 b) has dealt with o few
advanced postlervae and juveniles of G.oyena from Japnan.

While compering 8.58 mm nostlarva of G.oblongus to an

almost equal sized stage, 9.2 mm of G.oyena, it appears
that developmental scquence in the former is considerably
lagging behind, particularly shown by carly stages in
development of dorsal ~nd caudal fins. But, 13.16 mm

staege of G.oblongus appears to be in almost the same

developmental sequence as 13.2 mm of G.oyena. 17,08 mm
of former differs from 18.7 mm of latter mostly in

its pigmentation.

3. 2. 19 Gerres sctiferus (Hamilton)

Gerres setiferus is another specics of

silver biddy commonly found in Porto Novo and spawning

almost during the seme period as G,oblongus (vide:

3. 2. 18). It may be casily distinguished from other
species of the genus in the presence of 10 dersal spines
25 against 9. Earlicr work on this spcecies includes
description of 2 juvenile by Nair (1952 c¢). In the
present section three postlarvae and one juvenile

are described.
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(a) Postlarvae (Figs 115 - 117)

7.65 mm (Fig 115):- This stage as well as the following
two were collected from plankton
on 9 =10 -'77. Body wes elongated and head was promincnt,
tapering gradually towards tail. Dorsnal fins, ceudal,
enal, pectoral and pelvic fins were in progressive
stages of development. Mouth appearcd protrusible
already. There were 4 first dorsel spincs, 8 second
dorsal rays =nd 14 caudal rays. Pectoral fin was
membraneous and semicircular, but rsys in it as well as
in pelviec fin werc not quite discernible. Caudal fin
appecared somewhat rhomboidal,  Pigmentation was
characteristic and in the form of a few patches at
mouth, tip of lower j-w, anterior and ventral to eye;
a spot at base of operculum, 2 strenk of partly sunken
pigments from postoptic region till visccecra, 2 series
of about seven branching patches from middle of dorsal
fin till czudal peduncle dorsally, a midlateral series
from level of second dorsal till caudal, = prominent

streak of pigments from behind pectoral till middle of
anal and another streak at the base of lower caudal )
region. Preanal length was 46.2 % of total length.
Pre~first dorsal and pre-second dorsal proportions

were 34.9 % ond 44.4 7 of total respectively. There

- were 10 preanal and 14 postanal myotomes,
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9,58 mm (Fig 116):- Body has becomc more elongated
and streamlined; and esudal fin
showed an early stege of bifurcation. First dorsal fin
contained 9 spines, second dorsal about 12 rays and
caudal about 30 segmented rays. In anal fin there were
3 spines followed by about 9 rays. Precise number of
pectoral and pelvic rays was not yet discernible.
Pigmentation has become more diffused and intensified.
There was a prominent group of branching chromatophores
on head dorsally, one below and two behind eye, one
patch at base of operculun, another at middle of
opercular margin, a dorsgl series of branching pigments
along base of dorsal fins extending upto caudal, a
ventral series along base of anal fin extending upto
caudal and a midlateral series from visceral region
till urostyle. Preanal length in this stage has become
further reduced to 40.7 %. Pre-first dorsal and pre-
second dorsal proportions were 29.4 % and 49 %
respectively of total length. Disposition of myotomes
has changed tc 7 preanal and 17 postanal,
10.54 mm (Fig 117):- Significant changes noted in
this stage over previous one
were more marked bifurcation of caudal fin and increase

in number of first dorsel spines to 10 »nd snal fin
a1

~,

rays to 10. About‘gﬁpectoral and 5 pelvic rays were
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discernible. Pigmentation remesined almost as in
previous stage. Presnal length has become further
reduced to 37.4 %: but, number and disposition of
myotomes remained as in previous one. Pre-first dorsal
and pre-second dorsal lengths were 31 % and 50 % of

total length respectively.

(b) Juvenile (Fig 118)

The only juvenile stage available,
measuring 25.08 mm was collected from from fry net
catches at the mouth of Vellar Estuary on 15 =10 f'77.
Body has alrcady assumed most of Gerreid features.

There were 10 dorsal spines, 12 dorsal rays, 36 caud=al
rays, 3 anal spines and 9 rays; about 10 pectoral rays

and one pelvic spine followed by about 7 rays.

Pigmentation pattern remained almost the same as in
previous postlarval stage with characteristic midlateral
series. Preanal proportion has registered an increase

to 42,3 %, Pre-first dorsal and pre-second dorsal

lengths were 26.5 % and 48.1 % of total length respectively.
In a similar sized specimen, disposition of vertebrae

has become 9 preanal and 15 postanal,

(c) Systematics

Total number of vertebrae in adults

namely 24 trllies with the myotome count of nestlarvaes;
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and their number as well as disposition namely, 9
preanal + 15 postanal in adults as well as the juvenile

in present collections are identical. In G.setiferus

there are 10 dorsal spincs while in other species there
are only 9 dorsal spines. As such, presence of 10
dorsal spines in an advanced postlarva (10,54 mm),
atteining 2dult condition is confirmetory of its
identity. In smaller postlarvae (7.65 and 9,58 mm),
dorsal spines arc only under progressive formation and
hence their number is different from ~dult condition.
But, presence of charncteristic pigmentation in post-
larvae, particularly the midlateral series in both the

stoge rccognizable as of G.setiferus as well as in the

youngér ones, serves to link the latter with the former.

Early postlervae of G,setiferus moy be

distinguished from those of G.oblongus by the midlateral

serieg of pigments: and advanced postlarvaec as well as

juveniles may be differentiated from those of G.oblongus

by this character as well as by difference in number of
dorsal spines, already specified. Nair,R.V,(1952 c)
described a juvenile of G,lucidus from Madras. But,
as discussed in the previous section (3., 2. 18), the
juvenile described by Nair,R.V. appears to belong to

G.oblonzus and not to G,setiferus.
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(H) PFamily Theraponidae

Popularly callcd "Tiger perches®, this

Family contzins three genera, Therspon, Pelates and

Helotes, distributed in coastal waters of Indo-Pacific.
Although not esteemed nas good quality food fishes,
these are eaten by poor section of people. Therapon

jarbua, T,thereps, T.puta, Pelates guadrilinentus, etc

are thc common species found along both the coasts

nf India.

3, 2. 20 Therapon jorbua (Forssk3l)

Therapon jarbua is a common Tigcr perch

found in shallow waters, cstuaries, lagoons, backwaters,
etc., It is very often found in brackish water culturc
ponds, causing damage to fish or prawns stocked, because
of its predatory hebit. At Porto Novo, this species

is found to be a commrn one, although two others have

also becn recorded, viz, Therapon theraps and Pelates

quadrilineatus. Apert from passing references, important

work on this species from Indian waters include that
of Chacko (1950) on eggs =nd larva, Nair,R.V,(1952 c)

on a few juveniles =snd Prabhu (1956) on maturity and

spawning.
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(a) Eggs (Figs 119, 120)

Eggs were collected on two occasions, one
on 9 -2 ='78 and =nother on 22 -3 -'78. They were
pelagic, spherical, renged in dismeters from 0.722 to
0.755 mn and contained a large oilglobule mcasuring
0.44 - 0,45 mm in dismeter. They were found aggregated
to floating orgenisms likc Evadnme =nd their separation
from such orgnnisms by 2 pipette was not quite easy.
Perivitelline space was rether narrow; yolk was
unsegmented and nonvacuolated, without any nigmentation;
but presented 2 dark, glistening =appearance. 0Oilglobule
was highly pigmented with ~ cluster of black, stellate
end branching melanophores and light greenish
reticulation, Apart from this; the oilglobule =lso
showed a rather dark, glistening appe=rance.

Two stages in development of embryo were
available for study. In an earlier stage of development
collected on 22 -3 -'78 (Fig 119), cmbryo w=s indicated
with head and trunk and black pigment spots on head and
light grecnish pigments in postcephalic region and trunk.
In 2 later stage collected on 9 =2 -'78 (Fig 120)
embryo was almost fully formed with myosepta ~nd
black pigment spots on body.

(b) Larvae (Figs 121 - 123)

Egg collected on 22 =3 ='78 hatched out
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at 15.30 hr on the same day. Newly hatched larva

(Figs 121, 122) measurcd 1.67 mm long, w=s short, sturdy
and somewhat oval in shepe with its greatest depth in
middle of ynlksac. Larva wes cxcessively pigmented,
mostly in the form of light greenish pigmentation along
sides of body excluding larval finfold. Also, n series
of bleck pigment spots was present cxtending =long base
of finfold from postcephalic region till tail,  Light
black pigments were present posterior to eye region and
shove middle of yolks=ac. O0ilglobulc was situated at
hind c¢nd of yolksac with light grcenish pigments all
along and with black, bronching melnsnophores on its
dorsal =nd ventral aspects. Preanal length wos 64,7 %
nf total. Myosepta were not distinctly discernible due
to excessive pigment=tion; but, about 17 prennal and

8 postnnal myotomes could be made out.

12 hrs old larva (Fig 123) obtained by
rearing =2n egg collccted on 9 -2 -'78 and hatching it,
has increased in size to 2.2 mm long. Body has become
elongnted, but not strecamlined. Yolksac has become
considerably rcduced in size and body was excessively
pigmented with light greenish reticulate pigmentation
all along vizy from postoptic region till anus and a
band of pigments in postenal region. Also; two groups

of black pigment spots were present at anterior and
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dorsal aspects of yolksac, three groups anbove anal
region and two 2 little infront of it. The still
cxisting nilglobule had light greenish reticulate
pigmentation with a dark colouration at its ventral
aspect. Eyes rcmained unpigmented still, cxcept

for prescnce of a few minute black pigment spots on

its hinder aspect. Mouth was not yet formed and presnal
length has become reduced to 55.4 ¢ of tot2l. Posteanal
myosepta were fairly well discernible, showing =~bout

12 myotomes; ~nd mycseptn in premnal rcginn were very

much obscured, by excessive pigmentation.

(c) Postlarvee (Figs 124 - 127)

2,27 mn (Fig 124):- This stnge was obtained by re:ring.
~n egg collected on 22 -3 ='78

snd living till 24 -3 -'78, when it was 64 hrs old.

There waos not much increase in its length when compared

to 12 hrs old larva; but body has become morc strean-

lined and incrcased in depth. Eyes have become pigmented,

mouth and pectoral fin have developed and yolk was

almost fully utilized, marking early postlarval

condition. Head and trunk formed the most prominent

nort of vostlarva with pestanal region gradually

tapering bchind. Pectoral fin appeared =2s a

membraneous fold. Pigmentation consisted of black,

branching chromatophores =along dorsal aspcct of
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anlimentary canal, two above it on trunk, =~ patch above
enal region, a partly sunken black pigment spot in
- snout, another one at hind cnd of brain, three spois
below cye region, a few light brownish branching pigments
on lateral side of body in its middle, o patch behind
cye =2nd a diffuscd area below pectoral fin. Preanal
proportion as well as number nnd disposition of myotomes
remained the same as in previous larval condition.
4,09 mm (Fig 125):- Date of collection: 18 -2 -'78.
This stage showed meny progressive
features in its development. Head has become further
enlarged, dorsal and anal fins were indic-oted as median
thickenings of finfold, caudal region was under
progressive development with indications of nmany rays
and pigmentation has increascd., Precise number of
rays in dorsal and =nal fins was not quite discernible
and pectoral fin still remained membrancous, without
well marked rays. Pigmentation consisted of a patch
at tip of snout, a larger one a little behind it, a
patch at the tip of lower jaw, another a little behind
it, four patches of downwardly branching chromatophores
in trunk 2nd tail dorsally, a series of pigments along
midlateral line, another series of 6 or 7 patches along

ventral aspect of body, 2 much expanded and dovnwardly

branching patch at dorsal crest of viscera, two patches
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behind cye region, one infront and another behind
opercle and a series in preanal region ventrally ending
at lower angle of preopercle. Prennal length has
registered = slight decrease to 53.5 % of total; and
predorsal length was 51.5 %4 of total. Myosepta were
discernible clearly, there being 10 preanal and
15 postenal.myotomes.
5.05 mm (Fig 126):- This postlarva collected from
¥kttt M

fry net catches on 12 -3 -'78
did not show significant fecatures of difference from
previous one, All fins werc in progressive development
with s2bout nine dorsal, 18 caudal =2nd 8 =nal rays, most
of caudal rays being 3 to 5 segmented., A stellate
pigment patch has appeared dorsally in front of dorsal
fin; in preopercle four triangular spines have developed;
pelvie fin was not yet formed; and pectoral fin showed
indications of rays. Preanal length has become further
reduced to 52.5 % of total; and predorsal length 52.8 %.
Number and disposition of myotomes continued to be
the same as in previous stagc.
11,36 mm (Plate X, Fig 127):- This stage, also

collectcd on the same

day and from the same place (mouth of Vellar Estuary),
showed disappearance of most of postlarval characters

and appearance of many juvenile features. Body has
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become much more streamlined, elongated and rcsembling
juveniles. Apesrt from dorsal fin of previous stage
which in fact has rcpresented sccond dors=l fin, the
first dorsal has appeared in this stege, with 11 spines,
followed by one spinec of second dorsal and about 9 rays.
Caudal fin contained =sbout 34 rays, most of which were
segmented 5 to 6 times, Anal fin had 3 spincs and about
T rays; pelvic fin had one spine and a few rays and
pectoral fin had 2bout 14 rays. Pigmentation consisted

of a2 few spots in snout, one in lower jow, a group at

dorsal aspect of head, a2 few at opercular region, partly
sunken pigments in viscecral region, two rows of
branching chromatophores at bases of dorsal snd anal
fins and 2 series of minute pigments =long midlateral
line, Upper opercular spine characteristic of Therapon,
has appeared. Prcanal region has become further

reduced to 45.8 % of total length. Prc-first dorsal

and pre-sccond dorsal proportions were 27.3 % and 48 %
respectively of total length. Number of prennal
myotomes has decreased to 9 and thet of postansl

nyotomes increessed to 16, corresponding to ~dult

vertebral disposition,

(a) Systematics

Spent females of T.jarbua was observed

in fish catches at Porto Novo coinciding with



PLATE 1IX

Figures 113 and 114. Juvenile stages of Gerres oblongus, of

13,16 mm and 17.08 mm rospectivelym‘
‘t‘

Figures 115 - 118. Postlarvae and‘juVeniie”éf Gerres setiferus:

Figs 115, 116 and 117. Postlarvae of 7.65“mm,~9.58 mm and 10.54 mm

respectively; Fig 118. Juvenile of 25,08 mm -

f\b

Figures 119 - 126. Eggs, larvae and posflarVae’of The rapon jarbuas

Figs 119 and 120. Eggs in two stages of development Figs 121 and
122, Lateral and ventrolatefal views respectlvely of newly hatched
larva; Fig 123, 12 hrg.old larva; Figs 124 —,126. Postlaqval stages;
Fig 124. 62 hrs old; FingQS. 4.09 mm; and ﬁigﬁlZG. 5.05 mm,

}
)

Figures 128 - 130, Larva and postlarvae of Upenqg_ bensasi: [Mig 128.
2.29 mm larvag; Pﬂzg 129 and 130' 3 74 and 5.3 mm postlarvae

respectively.

Figure 131, 2.13 mm postlanna;gfﬁLateg galcarlfer.

n).-
‘“M " e .
xw '.-4 ‘;, v - - - dew .

Figure 133. 4.81 mm postlarva of Siganus javus. i
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occurrence of eggs and postléf@ae in plankton and fry
net catches respcctively. Total number of myotomes in
larvae and postlarvac =snd adult vertebral number are
identicaly =nd in late postlarval stages disposition
of myotomes also corresponds to adult ccndition. At
Porto Novo two onther species belonging to the Family

Theraponidae were observed, namely Therapon theraps

and Pelates quadrilineatus. An examination of

vertebral counts of these two species showed only 24
vertebrae in them, as ngainst 25 in T, jorbua. By this
differenée in vertebral number, larvae =nd postlarvae
of T.jarbua could be distinguished from those of
the =bove two species.

Chacko (1950) gave brief notes on eggs and

larva of T.jarbua from around Krusadi Islsnd. The

diameter range of cggs c=ame =cross by him was 0.4 - 0.5
'fﬂmg but in the present cosce the cggs ranged in di-~meters
3f!6m 0.722 to 0.755 mm. There is no mention of

?rgéence or nbsence of nn oilglobule or of pigmentation
hyJChackO (op.cit); but, it may be noted here that in
eggs of pcrches a2n oilglobule is usu~lly present and
lervee are highly pigmented. Regarding the differcnce
in size of eggs between the two cases, it may be pointed
out that mature ova of this species (not the ripe ones)

studied by Prebhu (1956) from the ssme region ranged
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in dismeters from 0,35 to 0.45 mm, It is obvious that
in further development of ova resching ripe condition
before extrusion, the ova would become larger in sizc
then in the mature stage given by Prabhu (op.cit).
And, the size of planktonic eggs given in the present
account could be the expected one from the size of
noture ovay nnd the dismeter range of 0.4 - 0.5 mm

given for planktonic eggs by Chacko (1950) ~ppeers much

smaller when compared with 0.35 - 0.45 mm given fo¥
mature ova by Prabhu (op.cit). The latter ~uthor, bnsed
on ove dismeter studies undertaken; states that spawning
in this species is short nnd restricted to ~ definite
period only once in an year, from February M~rch.

This seems to be the casc in Porto Novo also as observed
by occurrence of eggs and postlarvae restricted only

to these two months,

Nair,R.V.(1952 c¢) hns described 2 few
juveniles, of which the smallest one is 12 mm in length.
From a description given by Nair,R.V.(op.cit) it appenrs
that the specimen dealt with by him have assumcd most
of juvenile characters. Blanco and Villadolid (1951)

have described = specimen of Therapon plumbeus 16.5 mm

long and given the figure of a 10 mm long onec from
Philippines. From description and figurc given, it is

obvious that the stages described by
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the above authors nre in more ~dvanced developmental
condition than the longest postlarve of T, jarbua dealt
with in the prcsent account. However, the 12 mm stage
of an unidentified species of Therapon described by
them shows some similarities to 11.36 mm postlarva of
T, jorbua.,” No mention is made by them in the text
2bout number of myotomcs present in the specimen; but
from the figure given, about 35 myotomes appear to be
present; ~nd hence, it should belong to a species

having e vertebral number of sbout 35.
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(I) Pamily Mullideae

Family Mullidae comprising "Goat fishes"

or "Red mullets" is represcnted in Indisn wnters by the

genera Upeneus, Mulloidichthyes, Parupcneus =nd

Upeneichthyes. They are all valuable food fishes,

including species such ns Upeneus (Upeneus) vittatus,

U.(U,) sulphureus, U.(Pennon) bensasi, U.(P.) trogula,

etc, found =long both coasts of India.

3. 2. 21 Upeneus (Pennon) bensasi (Temminck & Schlegel)

Y

Upenecus (Pennon) bensasi hes » wide

distribution from east coast of Africa through scas of
India, Indoncsia, Philippines and further northwards to
Taiwan, castern China and southern Japan. It appears

in fairly good numbers in trawl catches off Porto Novo.
Apart from the account given by Thomas (1969) on
systematics of this species, little is known on its
fishery and biology from Indian waters. Shojima (1958 2)
has given an account of larvae ~nd juveniles of Upenecus
bensasi from Japan. In the present scction, one larval

stage =2nd two postlarvae, =211 collected on 3 -11 -1978

nrce described.
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(a) Larva (P1 IX, Fig 128)

The stege measuring 2.29 mm was in an
carly larval condition, with e prominent finfold,
unpigmented eyes and without mouth, Coudal region
showed indications of a few rays in the form of
striations. Alimentary cenal did not appeer to have
been fully establishcd, ~s could be secn from =absence
of anus. An oilglobule was present at -nterior aspect
of visceral region. Pigmentation consisted of two
series of black spots one ~long dorsal and snother
along ventral aspects of body proper, the former
extending from postcephalic region till hinder region
of trunk and the latter from postvisceral aspect till
region infront of tail region. In the absence of anus
the myotomes could be classified only as trunk myotomes
for denoting those present before level of hind end of
visceral mass and postvisceral myotomes for denoting
those behind visceral region. The former were 6 and

latter 18 in number.

(b) Postlarvae (Figs 129, 130)

3,74 mm (Fig 129):- In this stage lorval finfold has
become reduced in width, mouth
has developed as a small gape, eyes were pigmented

black 2nd alimentary canal has become cstablished.
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Head has become prominent; although the greatest depth
of the postlarva was at its middle region and hinder
part of body tapered gradually towards caudal end.
Snout wes rather flat 2nd lower jaw was slightly longer
than upper. Postlarval opercular cleft has formed and
pectoral fin was membraneous and flap like. Pigmentation
has become slightly changed =nd intensified. Dersal
series of black pigment spots has extended further
anteriorly till middle region of head. Ventral series
of pigments also has become extended anteriorly in the
form of a few prominent spots =zbove viscera till
auditory region. In postanal area three pigment spots
were present ventrally and along ventral aspect of hindgut
another three pigments have appeared. Presnal part of
the body was 70 % of total length; and there werec 18
preanal and 6 postanal myotomes.,
5.3 mm (Fig 130):- In this stage body has become
cnnsiderably elongated and stream-
lined with head forming the most prominent part, its
greatest depth at postopercular region. Maxillary bone
has become defined and distinct. ILarval finfold has
become confined to postvisceral region; =nd at caudal
region it has assumed a somewhat truncoted shape with
indications of a few rays at lower caudsl region.

Pigmentation has increased considerably, two spots
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above maxillary region; a sngll patch at nasal, = few
pigments on dorsal side of head, much more along
midlateral aspect of head and a few in ventrzl region
below eye. Pigmentation ~long side of bady was much
diffused from postopercular region till near end of
caudal, At the base of peetoral fin o pigment patcﬂ
was present and another one midventrnlly below pectoral
region. At posterio-dorsal aspect of pectoral fin an
obligue patch of partly sunken pignents was present;
and pigment spots along dorsal nspect of postanal
region heve extended to finfold also, In middle and
lower regions of caudal fin ~ group of pigments was
observed. Preanal length has become reduced to 64 %
of total; and number of precanal myotomes has decreased

to 16 and that of postanal myotomes increased to 8.

(¢) Systematics

Numbey of myotomes in the postlarvae end
larvae correspond with the adult vertebral number,
namely 24, Disposition of vertebrae in adults of this
species is 10 presnal 2nd 14 postanal, while in
postlarvae the disposition is different, 18 preanal +
6 postanal in 3,74 mm and 16 preanal + 8 postenal in
5.3 mm, Forward shifting in position of anus from

3.74 mm to 5.3 mm ac¢componied by a2 reduction in preanal
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length from 70 % in the former to 64 4 in the latter
jndicates that in further development anus would further
shift forwords reaching adult vertebral condition of
10 preanal + 14 postanal,

Sho jime (1958 2) has given an account of
postlarval stages of U,bensasi from J=apan, measuring
5.5 and 7.2 mm; but these are in more =dvanced stages of
development than the present material. However, between
5.5 mm specimen of Jepan 2nd 5.3 mm in the present
account, development of dorsal and snal fins, increase
and localization of pigmentation, etec in the former
become apparent. Besides, preanal length in the former
is only 37 % of total, showing a marked reduction from
the developmental condition observed in precsent material,
It appears quite probable that in further sequences of
development in the Indian material alsc thc anus would
shift forwards and pass through the 5.5 mm postlarval
condition from Japan., Shojima (op.cit) has =lso given
an account of 3.7 mm and 5 mm postlarvac of an
unidentified mullid from Japan. In these cases also;
apart from progressive deveclopmental features, the

principal difference noticed from the present material

is the forward position of anus.
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(J) Pamily Centropomidae

This Femily consisting of “Snnoks" includes

the gencra Ambassis, Lates end Psammoperca, usually

found in se=2 end brackish water. Lates calcarifer

ond Psammoperca waigiensis found in Indi= =re

cconomically important.

3. 2. 22 Lates calcarifer (Bloch)

Lates calcarifer, poularly callecd

"cock - up” or “sca bass” is a highly vnlucd food fish
found mostly in tropical arcas of Indo-Pacific, It is
essentially marine but nlso ascends esturries,
backwaters and even freshwaters. It is of great valuc
in brackish water fish culture and is known to grow to
a length of 2bout 30 cm weighing uptn 500 gm in the
first year itself of its life; and is also known to
attain length of =2bout 1.5 m., It is highly predatory,
voracious and pisciverus. At Porto Novo it forms =a
good fishery in Vellar Estuary where it is cought by
2. process of spearing from canoces to which black clothes
are attached under water surface and kept in a state of

movement in water. The fish, misteking that the
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moving black cloth is a fish on which it can feed,
makes an effort to capturc the cloth during which
process it is quickly speared from the canoe and
caught, Earlier work on this fish from India includes
aspeets on its fishery in West Bengal by Hora and
Nair,K.K.(1944) availability of its fry by Nayudu
(1942) =nd Gopalekrishnan (1968), notes on its
systematics snd binlogy by Gopalekrishnen (1972),
description of postlarvne ~nd juveniles by Ghosh (1973)
and Mukhopadhyay nnd Verghese (1979) nand maturstion
end spewning by Patnaik =nd Jena (1978).

(a) Postlarvee (Figs 131, 132)
2,13 mm (Fig 131):- Date of collecction: 21 -10 -'77.
Lrrval finfold was almost non-
existent and body was somewhat streamlined with hinder
region tepering grodually ~nd ending in an expanded
¢audal region provicded with a few rays. Head was
comparatively large with grcatest depth in region of
midbrain. Pigmentation was in the ferm of two prominent
patches with branches along ventral side of body above
hindgut and postrenal region, a2 large patch posterio-
dorsal to pectoral fin, 2 small patch above pectoral
base, a series of pigments along ventral region of
viscera and a ventral spot below level of hind end of

eye. Preanal length was 45 % of total; and there
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were 8 preanal and 15 postrnal myotomes,
4,94 mm (Pl X, Fig 132):~ Date of collection: 12 -9 =
'77. Body hes become
streamlined, decper and more clongated, Dnrsal and
anal fins have becn formed although number of rays in
thom were not well discernible, Coudal region hes
become somewhat oval shaped with developing rays, many
of which in middle recgion wecre three segmented. - Minute
conical teeth have appearecd in upver Jow =nd two short
trianguler snines in preoperculnar regicn. - Pigmentation
was chearacteristic. Along dorsal aspect of bndy there
was 2 large, black, downwerdly branching pigment patch
sbove level of midgut, followed by five similar patches
in postanal region infront of caudal peduncle. Along
midlateral region of body, = series of brenching
Chromatophores was present between caudnl peduncle =nd
pectoral region. Antcrior to this, partly sunken
pigment $ill hind margin of eye were prcsent =nd in
snout region therc were threc pigment patches, In
postanal region of body ventrally therc was n scries
and ~bove visceral region an expanded patch of down-
wardly branching pigments was observed. In preannl
region ventrally = few pigment streaks werc found and
in lower region of operculum = sunken pigment =bove

and 2 branching chromatophore below were noticed.



211

In lower jaw, 2 serics of five pigment patches wes
noticed and at hind end of upper jaw ~ single patch.
Presnal length has decreased to 41,8 % of total length;
and predorsal length was 46.1 %4, Number of preansal
myotomes has incrersed to 10 =nd that of postannl
myotomcs has decre=scd to 13, the number -~nd disposition
of myotomes thus corresponding to ~dult vertcbral

condition,

(b) Systemetics

L.celcarifer is believed to spawn during

cold scasons of the year and at the mouth of cstuardes

in southern Indin (Goprlakrishnen, 1972). During 1977 -
'"79, mature ~nd spent svecimens of this spccies were
observed in fish cnatches at Portn Nove, during September
- Novembcr period. Eggs of this species =re said to

be heavy and to sink to the bottom (Gopnlskrishnan, 1972).
Occurrence of present pnstlarvae in plenkton and

spawning stock in Porto Novo simultancously a2s well as the
identical number and disposition of postlarval myotomes
and =2dult vertebral number scrve to identify the former

as those of L.calcarifer. Ghosh (1973) described

some postlarvae of this species from Honoghly - Matlah
cstunarine system., The stages dealt with by him are

larger than present oncs, above 6 mm long., In 6 mm
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PLATE X

Figure 127. 11.36 mm postlarval stage of Therapon jarbua.

‘Figure 132% 4.94 mm postlarva of Lates calcarifer.

Figures 134 - 137. Postlarvae and juveniles of Siganus
Javus: Tigs 134 - 136. Postlarvae, Fig 134. 5.63 mm;
Fig 135. 9.7 mm; Fig 136. 10,81 mm; Fig 137. Juvenilé
of 9.56 mm,

Figure 139, Showing the first dorsal fin region of a

15 mm juvenile Siganus javus.
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specimen Ghosh (op.cit) hes found "8 countable" preanal
and 12 postenal myotomes, which is somewhat similar to
the condition in 4.94 mm postlarva in the present
account, with 10 presnal end 13 postronal myotomes.
Recently, Mukhopadhyay =nd Verghese (1979)
have described a postlarva of 4,24 mm size from Hooghly
Estuary. Although the nbove stage and 4.94 mm postlarva
in the present =account bear a number of similarities
to each other, some diffcrences are scen in pigmentation.
Two large, branching chromatophores =re present behind
eye and three large ones along lateral side of body
dingonally in middle region in the former but sbsent in
the latter. The dense patch of nigments on dorsal
aspect of gut and the single large chromatophore in
middorsal region at antericr aspect of dorsal fin base
are absent in the material described from Hnoghly
Bstuary. Apart from these differences in pigmentation,

number of preanal nyotomes in the two cases is

identical,
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(K) PFamily Signonidae

The "Rabbit fishes" constituting Family
Siganidae and composed of the genera Siganus and Lo
are one of the little known groups, found in sea,
estuaries, lagnons, backwatecrs, recefs, etc. They are
distributed in both tropical and subtropical areas of
Indo-Pacific region and are known to be of capture
fishery value in Philippines (Calvelo =nd Ginon, 1974),
The growth of fry of Siganus sp in the =bove country
was investigated by Rosario (1974). 1In India,
knowledge on systematics, fishery and binlogy of this
Family remains practicnally unknown at present. Two

species, Siganus j=vus =2nd S.can~liculatus are

commonly rcported from the country.

3. 2, 23 Siganus jovus (Linnaeus)

In the course of present studiecs at

Porto Novo, Sigonus javus was found to contribute to

a seasonal fishery in Vellar Estuary. A study of its
stomach contents has shown it to he a hcrbiveore, feeding
mostly on algne, diatoms, detritus, etc, Previcus

work on early development of n Signnid is that of
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S.fuscescens by Senta, Ueno and Fujita (1958) from

Japan. The present ~ccount deals with o few postlarvae
and juveniles collected from plankton and fry nect
cztches at Porto Novo during December, 1977. E~rly
postlarvae were somewhat transparcnt ond later stages
were transluscent in fresh condition, but turned

whitish in formalin,

(a) Postlarvae (Figs 133 - 136)

4,81 mm (Pl IX, Fig 133):- This stagc as well as the
following one were
collected from plankton on 19 -12 -'77. Lorval finfold
was still present, although in = highly reduced form.
Fin rays have appeared in lower caudal region but their
precise number could not be ascertained. Indications
of dorsal and =nal fin could be seen ns middorsal and
midventral thickenings of larval finfold. Pectoral fin
was8 membraneous and semicircular. Heand was the most
promninent part of the postlarva, with grcatest depth at
region of midbrain. Lower Jaw was longer than upper
and the latter showed a few minute conical teeth.
Larval opercular cleft has developed and anus was
situated well infront of middle region of postlarva,
with preanal length forming 36 % of total length.
Pigmentation was rather 5parse; in the form of two

patches at upper region of viscera, =~ smell patch
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a little above hinder part of anus ~nd ~nother larger
prteh infront of ~nus ventrally. Behind middle of
postanal part of body, also ventrally, » serics of ten
pigment spots was present, There were 23 myotomes, of
which 5 were preannl and 18 postanal.
5.63 mm (P1 X, Fig 134):- Important changes noticed
in this stage over previous
one were development of dorsnl snd =nal fin ray buds
and 2 slight incrense in visceral pigmentation,
particularly in asppemrrnce nf ~n additionsl pigment
- behind larval opercular cleft. Coudal rcgion still
showed a truncated appearance and a few coudnl rays
had two segmented condition. Preanal length hns become
reduced, forming 34.5 % of total. Dispesition in
number of myotomes has changed to 7 preanal and 16
postanal.
9.7 mm (Fig 135):-= Dote of collection: 23 =12 -'77,
Many developmentsl proccsses
appeared to have taken place before attaining this
stage. Body hns become considerably enlarged and
elongétod, with head still forming the nost prominent
region. Mouth was well developed with jaws covered
by lip like formations. All postlarval fins have
develnped, with first dorsal showing sbout 10 soft

spines, sccond dorsal about 14 rays, caudal fin
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about 26 rays most of which were four segmented and
anal fin with 2 spines s»nd 10 rays. Pelvic fin has
developed below level of pectoral finj; =nd precise
number of rays in both these fins could not be
ascertained. Bifurcation of caudal fin azpeared to
be in progrcss. Pigmentation consisted of a series of
black pigments at ventral asvect of body, one behind
region of isthumus, two infront of base of pelvic fin,
another two behind it, a partly sunken pigment above
anus; a series of 10 pigmecnts a2t base of anal fin and
behind it till caudal peduncle =2nd a vertical group
at the base of ceudal fin in its middle and lower aspects,
Preanal length has increased in proonrtion, forming
39.8 4 of total:; and percentages of pre-first dorsal
and pre-sccond dorsal fins were 31.4 and 44.8 of total
length. Number of preanal myotomes has increased to
10 and postanal myntomes decreased to 13.
10,81 mm (Fig 136):~ The principal chonsegrecorded in
this stage collected on the same
day 2s previous, were an incre=ase in.pigmentation, more
marked bifurcation of caudal fin snd appearance of
minute spines in opercular region, marking tcginning of
future spines. Above cye region dorsolaterally, some
black branching chromatophores and = little =bove

midlateral region behind origin of second dorsal fin,
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a seories of about 10 chrometophores heve sppeared,

the last one of latter series occupying urostyler

region. Besides, at base of precpercular region a
partly sunken pigment sand at base of second and third
anal spines two chromatophores could be seen. Coudal
fin rays have incrensed in number to =bout 30 and anal
fin rays to about 17. A group of five minute, somewhat
conical spines were observed behind angle of preopercular
region, one infront and four behind. Preanal length
appeared to have increased 2 little more, forming 41.5 %
of total; =2nd pre-first and pre-second dorsal

proportions heve decreascd to 27.3 % 2nd 42.1 % of

total length respectively. Preanal myotomes have further
increased to 11 and postanals decreased to 12, Snout
region showed a slight projection, marking the beginning

of 2 morc prominent snout in older stages.

(b) Juveniles (Figs 137 - 141)
The following juvenile stages were collected
in fry net catches at the mouth of Vellar Estuary on
28 -12 -'77. They were pale whitish in fresh condition
but turned much more whitish in formalin,
9.56 mm (Fig 137):~- Many differences could be seen
in general characters of this

stage over previous postlarval condition. Onc principal
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featurc obscrved was dorsoventral exponsion of body
and = reduction in length, probably ~ccompanying the
former change undergone. From more thon 1 mm reduction
in length over previous postlarval condition, it
appeared as though after nttaining a particulsr stage
the postlarva did not undergo significant lincar
increase, but a dorsoventral cxpansirn attaining the
present juvenile condition =nd perhaps cven registering
a decresse in length in the process. Beginning of this
process could be scen in the previous postlarval stage
as indication of dorsoventral expansion in head region,
The juvenile hes become somewhat oval in
shape as in adult condition and greatest depth of body
was at level of first dorsal fin. Head region has
become somewhat triangular in shape and gnpe of mouth
was well below level of lower margin of eyec. Minute
conical teecth werec present in lower Jaw; =nd both upper
and lower jaws hoave become somewhat short and pointed.
Above upper jaw a short, stout, spine like formation
was present, directed dovnwards. Over the cye, on
middorsal aspecct of head, =2 crest of serrations has
developed commencing from n level parallel to anterior
margin of eye and extending till level of operculum.
Below eyc region there were four short, stout spines

facing ventrally; and behind this, a long, stout,



219

pointed spine serrated on its upper and lower mnrgins
and directed posterio-ventrally and rcaching upto level
of pelvic fin was present. At dorsal basc of the long
spine, a short one serrated dorsally and =bove it a
vertical row of six partly curved, short, pointed sonines
were present, forming preoperculsr edge. Behind dorsal
end of operculum, a short spine was prescnt, directed
backwerds; and, =2t lower end of operculum, another one
directed downwards.

The spines of dorsal =and snal fins in the
juvenile were not the same unserrated, slender ones,
as in nrevious postlarval stage. In first dorsal rcgion
seven strong, stout spines have appeared. Of these,
the first one was short, truncated and nonserrated;
second was longest, serrated in its anterior and
posterior edges; third was ~ little shorter than second
and partly serrated; and fourth to seventh snines were
nonserrated, much shorter and nointed. In a2anal fin
also, there were threc strong, stout spines, directed
posterio-ventrally, the first one somcwhat short and
partly serrated on its anterior aspect; the second one
the longest and stoutest, serrated anteriorly; and the
third one shorter than the second and nonserratcd.
These spines in dorsal =2nd =nal fins rcprescnted newly

developing spines which have taken the place of
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postlarval spines =and rays. In fnct, under larger

magnifications in ~ subsequent stage (vide infra), the

former postlarval spincs and rays in the process of
atrophy or rcsorption could be secn sidc by side with
development of new spnines., Behind dors~l spines about
16 rays most of which were 2 to 3 scgmented werc present;
as well as behind anal spincs 15 rays, 3 to 4 scgmented.
There were 30 caudal rays, most of which 7 to 9
segmented. Pectornl fin has become morc prominent; and
about 15 rays could be counted in it. Pelvie fin has
also developed further, with about 6 rays.

Pigmentation of the juvenile cnnsisted of
a patch at the basc of first infraorbital spine, a
group of partly sunken pigments and brenching
chromatophores in wvisceral rcgion dorsolaterally;
a narrow patch below anterior part of hind brain, a
prominent chromatophore and a patch of pigment =t the
base of ventral spine below opercular margin; A NArrow
black pigment patch at hinder margin of rectum and
a series of twelve pigments along snal fin base., There
were 8 preanal and 15 postanal myotomes in this stage.

Preanal length has become reduced to =zbout 40 % of
total.

15, 20 2nd 24 mm (Figs 138 - 141):- Head region in

15 mm juvenile,
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collected on 30 =12 ='77 from fry net catches, has
become much more trisngular and snout morc ncute (P1
XI; Fig 138). When compared to the previous juvenile
stage; a shifting up of the region below eye anterio-
dorsally, thus resulting in 2 more upward position of
mouth occupying a level above the lower margin of cye
has taken place. Duec to this change, the upper jaw
appeared to have been placed in conjunction with the
spine on the snout in this stage, the spinc itself
forming a hook like structure above upper jow. Besides,
the crest of serrations frund along dorsal region of
head in the previous st-ge has shifted backwards, the
origin of which at this stage occupying a level
parallel to posterior third of eye and extending
posteriorly till front end of first dorssl region,
Vertical row of short spines infront of opercular margin
observed in previous stage was asbsent in the present.
one. There was an increase in pigmentation due *to
appearance of e few chromatophores in hind region of
head dorsolaterally. Also, a few pigment spots were
present ~bove anglc of operculum, a few scattered spots
below eye, two branching chromatophores infront of
pectoral fin base, one infront of dorsal origin and

a group of light brown branching chromntophores along

side of viscera. Pelvic fin has developed a strong
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stout spine with a few serrations at its ventral base
and about 6 rays.

First dorsal fin in 15 mm stnge showed a
total of ten newly developing spines (P1 X, Fig 139),
of which the first six were stronger than others,
Apart from first thrce spines which werc serrated
variously recnlling almost the same condition as in
previous stage, the others were not serrated. Hinder
five spines werc partly curved and scmewhnt fuberculnr.
In nddition to these newly developing snines, remnnnts
of slender spines of postlarval condition could be seen
¢learly, one in between the sceond ~nnd third newly
developing spines, cnother in between the third and
fourth new spines and two in between the sixth nnd
seventh ones, These werc in various stnges of atrophy
or resorption accompanied by progressive development of
juvenile spines. In nnal fin nlso (Pl XI, Fig 140);
followed by the first three newly formed juvenile spines,
there were four small spines developing ot the bases
of postlarval anal fin rays undergoing grndu-~l atrophy.
Premnal length has become further reduced to 36 % of
total, the proportion 2lmost similar to adult condition.
On the other hand, pre-first dorszl length was 36 % of
tntal, which is different from adult condition of

about 21 %, Further development of the new set of
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juvenile dorsal spines was im progress in a specimen

of 20 mm (Fig 141), in which dorsal fin rnys bchind
anal level also could be seen getting atrophied or
resorbed. From these facts, it was obvious that most
of the first dorsal and snel snines and/cr rays present
in postlerval stege would be replaced by = new set of
juvenile spines, developing in the course »f early
juvenile growth,

20 mm juvenile was still whitish, but
intensity of pigmentation in visceral nnd postvisceral
areas has increased; in fact in the latter area it
was in the form of a triangular group of brownish black
branching chromatnphores. Along the bnsc of dorsal fin
three patches of pigments were prescnt 2nd at anal base
15 pigment spots and at caudel base a vertical patch.
Standard length was 14 mm; body depth at dnrsal onrigin
8 mm; and presnnl length 7.5 mm, About 7 prominent
dorsal spines were scen, followed by about 16 rays.

In 2nal fin 3 spines were prominent feollowed by about
18 rays. In a spccimen of 24 mm total length (20 mm
standard length), body colouration has changed to light
brownish. As may be seen from morphometric features;
it appearcd as though therc was linear incre=se at

the expense of body depth, since the latter was almost

the same as in pnrevious stege. Preanal length was
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10 mm, dorsal spines have increascd to 12 with 10 rays
and anal fin spines have increased to 8 with 8 rays.
There was »n edge of brown pigment nt base of hinder
dnrsal and hinder ventral regions; and o patch of
vertical pigments was present at the base of caudal
fin, Number of vertebrae in this stage was 9 preanal

and 14 postanal, corrcsponding te adult condition.

(c) Systematics

In the present postlarvae, the disposition
of vertebrae arct 6 preanal + 17 postanal in 4,81 mm,
7 preanal + 16 postsnal in 5.63mm, 10 preanal + 13
postanal in 9.7 mm and 11 pre=nal + 12 postanal in
10.81 mm. In later postlarval as well =s carly
juvenile phase of development however there appears to
be 2 gradual reduction in preanal myotome number and
a corresponding increase in postanzl number, ~s in
9.56 mm juvenile there are 8 preanal -nd 15 postanal
myotomess Subsequent to this there appears to be a
slight change because in 24 mm juvenile there arc 9
preanal and 14 postanal myotomes, corrcsponding to
adult condition.

Our knowledge on early life history of
Siganids till now is chicfly based on the work nf Scntsa,

Ueno and Fujita (1958) on Siganus fusccscens from
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Japan., Bggs of this species are demersal; and in carly
larval stages a distinct reduction in prennal length is
noticed from sbout 42.8 % in 2.60 mnm to 32.9 4 in 3 mﬁt
In 3 =2nd 3.3 mm stages described by them, preanal length
has increased, forming nbout 43 %; and in still later
stages it has further increased, forming about 44.7 %

in 5.4 mm and 46.6 ¢ in 8.3 mm. In the present case
however, a rcductinn is observed in the beginning
followed by an increasc in later postlarvae, forming

41,5 % of total length as in S.fuscescens; but in the

juveniles there is a secondary reduction resulting in
40 % in 9.56 mm; 36 4 in 15 mm and 37 % in 20 mm., This
is again followed by o secondary incrcsse, rcsulting in
41 % in 24 mm, It may be noted in this connection that
in adults of S.javus presnsl length is oply sbout 34 %
of total length, thus indicating that preanal length
should still become shorter in further development.

Another significant feature of difference
recorded in the development of these two species is
related to the sequence of formation of dorsal and anal
fins., 1In S,javus the sccond dorsal and anal rays
originate in 4.81 mm stage itself followed by development
of postlarval first dorsal fin in the form of n few

soft rrys in 9.7 mm stnge. But, in S.fuscescens, first

dorsal spines eore indicated in 3,30 mm itself and
- -

* Percentages based only on the figures given by the above
authors and not based on any deseription.

-— =y
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development of second dorsal fin rays is delayed till |
5.4 mm stage, However, in 9,56 mm juvenile of S, javus,
some of the serrated spines of first dorsel and ~nal
fins have already developed; »~nd, as secen carlier,
development of other spines of juveniles tsakes place
gide by side with atrophy or resorbtion of postlarval
spines =nd/or rays. This process appears to be in
progress even in 24 mm stage, by which time all spines
of dorsal and anal fins are not yet formed, In 5.4 mm

postlarva of S,fuscescens juvenile spines of anal fin

have not yet developed although a few dorsal spines are
well formed. In S.javus the postlarval set of dorsal
and anal spines and reoys is atleast partly replaced by
a new set of juvenile spines; but from the account
given by the above authors it is not quite clear as to

whether in S.fuscescens 2lso such a condition is

present or not.

Nair,R.V.(1952 c) has given the figure of

a postlarva believed to be of Leiognathus ruconius

(Secutor ruconius). From appearance of the figure, it

gcems that the material actually belongs to Siganus

and not to Secutor. Postlarvae of the latter should
have a much more convex belly, a depression behind snout
and much smaller dorsal and =anal spines., Presence and
shape of dorsal and anal spines are characteristic

of the postlarvae of Siganus spp.
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(L) Pemily Scombridae

Commercially one of the most importent
groups, this Family is composed of mackerels, tunas,
billfishes and secrfishes in Indian waters. The Indinn

mackerel Rastrelliger kanngurta supports one cof the

most valuablé coastal pelegic fisheries in India,
‘particularly along south-west coast, amounting to

annual landings ranging from 1,00,000 to 2,00,000 tonnes.
Along cnst coast also this species is commonly found,
although not contributing to =~ regular and localized
fishery of so much magnitude as in west coast. The

oceanic skipjack Katsuwonus pelamis and yellowfin tuna

Thunnus albacares are fished in considerable quantities

in Lakshadweep Islands, off south-west coast of nainland;
and total tuna production in the country in recent years
amounts to about 20,000 tonnes per annum,

The frignte mackerels Auxis thoazard, A.

rochei, the bonito Sarda orientalis, the little tunny

Buthynnus affinis and northern bluefin Thunnus tonggol

arc the other species commonly eaught from coastal
waters, particularly =long south-west nand south-enst

areas. Also, seerfishes Scomberomorus commerson, S,

guttatus »nd S.lineolatus account for an average annual

production of nbout 15,000 tonnes from the country.
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3, 2. 24 Rastrelliger konagurta (Cuvier)

Rastrelliger kanagurta is known to spawn

along both west and east coasts, in the latter region
during October - November to April - Mey (Venkataramen,
1970). Delsman (1926 e) first reported ccrtain eggs

as belonging to this species, from Java coast.
Subsequently, Devanesan and John (1940) and Belakrishnan,
V.(1957) assigned certnin eggs to this species, but
detailed descriptions and figures are not given by then.,
Peter (1967:; 1970 a) and Silas (1974) gove descriptions
of some larvel stages identified as »f this specics;
collected from off west cnast., Recently, Natarajen,R.
end Bensem (1978) identified its planktonic eggs from
Porto Novo and gave a brief account of eggs and early
larvae, rcared in the laboratory. A few more eggs and
a nostlarva identified as of this speccies were isolated
from plankton collected during March 1978 and are

figured and described in the present section.

(a) Eggs (Figs 142 - 147)

Preserved eggs identified as of R.kanagurta

ranged in dir~meters from 0.66 mm to 0,78 mm, with
oilglobules in diameter range of 0.20 mm to 0.25 mm,

Perivitelline space was rather narrow. Pigmentation
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on embryo, yolksac and oilglobule in preserved eggs,
although conforming to the basic pattern described for
fresh and/or newly preserved eggs in weok formalin as
reported by Natarajen,R. ~nd Bensan (1978), was not so
distinet, Six views of fonrmalin preserved eggs =re
given in figures 142 -~ 147; to faocilitate identifiecation

of preserved eggs in ichthyoplankton cnllections,

(b) Postlarva (Fig 148)

The only postlarva collected from
plankton was on 14 -3 -'78., It measured 3.34 mm long
and larval finfold was still present. Body was clongated
with head forming most prominent pert and tapering
gradually behind. Postlarval opercular cleft has
developed and pectoral fin was membraneous and
semicircular, without clear indications of rays. Body
length was 95.8, henad 22.3, eye 8.6, preanal length 40
and depth of body at vent 17 percent of total length.
Pigmentation consisted of a patch of pigments at dorsal
aspect of viscera followed by two smaller patches behind,
two patches on ventral aspect of viscera and a series
of 15 pigments along ventral aspect of body from Gthf

postanal myotome till 20th. There were 6 preanal and

about 24 nostanal myotomes.
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(c) Systematics

As discussed in an earlier publication
on eggs and early larvae of Indian mackerel collected
-+t Porto Novo (Natarajan,R. ~nd Bensam, 1978) =long
with present eggs, identification of the eggs is based
on coincident occurrences of cggs and postlarva in
plankton and spawners in local cetches; =nd confirmed by
nunber of myoctomes in larvae hatching out corresponding
to adult vertebral number. It may be noted in this
cnnnection that position of vent during carly development
of mackerels undergoes a2 forward shifting followed by
a backward movement (Uchida, 1958c; Russell; 1976),
as pointed out by Natarajan,R. and Bensam (op.cit).
Beginning of forward shifting of vent in larvae of
Indian mackerel is cbserved in 73 hrs old stage.
Backward shifting in position of vent in Indian mackerel
in later stages is recported by Balakrishnan,V. and Rao,
K.V.N.(1971) and Silas (1974).

The 3.34 mm postlarva of Indian mackerel
described in the prescnt section bears a close similarity
to 3.38 mm stage described by Silas (1974) in such
essential features as percentages of bndy length, head,
eye, preanal length, etc in relation to total length. -

Bagic pattern of pigmentation in the two cases also
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appears to be the same; except for presence of pigment
in lower caudal rcgion in the materinl dcscribed by
Silas (op.cit). Apart from this, the only marked
difference appears to be in disposition of myotomes
which is'iO preanal and 20 postanal in the specimen
reportéé'ﬁy Silas (op.cit) but only 6 preanal -and. about
24 postanal in the present one; showing = difference of
four myotomes in disposition., Silas (op.cit) comments
that number of myosepta in lervae of mackerel from

west coast of India are variable, implying similar
variation in disposition of myotomes also. However, in
3.6 mm stage of the Japonesc mackerel described by
Uchida (1958 c) only 8 preanal myotomes are seen and

in 4,3 mm stage of the Atlantic mackerel Scomber
scombrus (the adults of which have an nlmost similar
number of +total vertebrae as in the Indian mockerel,
namely 30 - 31), described by Berrien (1975) only 7
preanal myotomes are shown. The above dispositions

of presanal myotomes in Japanese and Atlantic mackerel
are closest to the condition in the material described

in the present section, but different from the material

reported from west coast of Indisa.
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(M) TPamily Platycepahlidae

Fanily Ploatycephalidae is composed of
"Flatheads®, mostly marine, sometime brackish water.
Mainly distributed in Indo-Pacific, thec genus

Platycepahlus is the common one. These fishes are

not ouch relished as food fishes, although eaten by

poor section of people, They are usually benthic,

3. 2. 25 Platyccephalus indicus (Linnaeus)

Platycephalus indicus, nopularly called

Indian Flathead, is commonly found along both coasts of
India, cought mostly in demersal fishing gears,

Nothing substential is published on bionlogy of this
fish from India. In the present section, two nostlarvac

collected from plankton on 10 -8 ='77 ~re described.

(a) Postlarvae (Figs 149, 150)

1,95 mm (Fig 149):- This was an early postlarval stoge
in which larval finfonld was still
present. Head and viscera constituted the most
prominent part with greatest depth in middle region of
viscera; postanal region gradually tapering behind;

caudal region showing striations indicating future
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rays; mouth cleft small and somewhnt oblique; =nd eyes
were small but pigmented black. Pigmentation consisted
of o series of spots on dorsal side of body commencing
from zbove hind end of brain. On ventral aspect of
viscera a series of pigment spots was present., Preanal
length was 38 ¢ of total; and therc were about 9 preanal
and 19 »nostanal nmyotomes.
2,9 mm (Fig 150):- Body has become considersbly
elongated =nd stresmlined and
head region continued to be prominent., Head has assumed
the characteristic shape somewhat similnr to 2dult
condition, with 2 prominent chin and partially upturned
jows., A few minute conicnl teceth were present on
distal part of upper jaw; and above it two nminute spiny
processes were present. Two short, trianguler,
tubercular processes have appeared dorsally, one in
midbrain region and another above opercular end. In
preoperculun two spines have developed, upper one
longer than lower. Pectoral fin was membraneous =nd
semicircular; and caudal region shnwed more prominent
rays. Pigmentation has incrcased much more than in
previous stage. Therc was = dorsal series of pigments,
a postanal ventral scries developed anew, two pigment
patches at dorsal aspect of viscern, minute pigment

spots from vent to opercular region ventrally and a
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pigment patch at chin, Preanal length has incrensed
considerably more, forming =bout 50 % of total length.
There were 11 preanal and 16 postanal myotomes, their

disposition corresponding to adult vertebral condition.

(b) Systematics

Mature and spent specimens of P,indicus
were collected at Portn Novo during August and September
1977, coinciding with appenrance of postlarvae in the
plankton. Identification of the present postlarvae is
based on this fact and confirmed by number ~nd
disposition of myotomes corresponding to adult vertebral
condition of 11 preanal and 16 postanal.

Ucno and Fujita (1958) hnve described cggs,
larvae, postlarva nnd juveniles from Japan, of which
2.71 mm larva may be compared to 1.95 mm stage in
present account. Major differences betwcen them are:
lack of development of mouth, unpigmentecd condition of
eyes ~nd more diffuse pigmentation in former and
opposite conditions in latter. These fcatures may very
well be associated with earlier stage of development in
the Japanese material. Infact, the present 1.95 mm
nay be treated as a stage in between 2.71 and 2,84 mm
stages reported from Japrn. On the other h=nd, the

2.9 mm stage in the present study is more ndvanced than

2.84 mm stage described from Japan,



3. 3 GENERAL RIMARKS

Anong about six hundred species of
fishes available in the sea off Porto Novo and in
the Vellar Estuary, the ezrly life history stages
of about fiftyfive species have been reported from
late fifties to late seventies (Rangarajan and Jacob,
1960; Rao,K.S5.P.B., 1963; Ramaiyan and Rao,T.V.S.,
1972; Vijayaraghavan, 1973 a; b; 1974; Venkataramanujsr,
1975 a; b; Venkataramanujam and Ramamoorthi, 1976;
Ramanathan, 1977; Natarajsn and Bensam, 1978;
Ramanathan and Natarajan, 1979). In the present
thesis, based on studies undertaken from August 1977
t111 June 1979, the eggs, larvae, postlarvae and/or
juveniles of fifteen additional species are reported,

viz., Nematalosa nasus, Sardinella clupeoides, S.sirm,

S,albella, Ilisha melastoma, I.megaloptera, Thryssa

dussumieri, T.mystax, Liza dussumieri, L.tade,

Polynemus sextarius, Gerres oblongus, G.setiferus,

Therapon jarbua and Siganus javus.

Although mere mention on occurrence of

ezgs, fry, etc of the Milkfish Chanos chanos in Indian

waters abound in literature (Chacko, 1950; Tampi,
1968), no comprehensive account dealing with

development and systematics of early life history
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steges of this commercially valuable cultursble fish
is as yet available. Similarly, early life nistory
stages of the commerciglly important sardine Sardinclig

fimbriata, from Indian waters is also not described

adeguately. Aspects on development and systematics
of these species given in the present thesis, including
taxonomic differences between developmental stages of
allied sPecies; may be of help in the separation of
such stages in ichthyoplankton collections.

Development and systematics of early life
history stages of the commercially important fishes

Sillago sihama, Upeneus (Pennon) bensasi and Platycephalus

indicus are dealt with for the first time from Indian
seas, A postlarval stage of the Indian mackerel,

Rastrelligzer kanagurta is also described from Porto

Novo, in continuation of the earlier report of its eges

(Natarajan and Bensam, 1978), for the first time from

the east coast of India.

(2) From the occurrence of eggs and larvae
of estuarine and marine fishes at Porto Novo, as reported
previously as well as presently, it is obvious that
many spccies of these fishes do spawn in and around

this locality. Also, based on the occurrence of

postlarvae and juveniles of many a species, it may be
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stated that Porto Novo and its environs serve not only
as breeding grounds but =lso as nurscry grounds for
these fishes. Occurrences of eggs and postlarva of
the mackerel, Rastrelliger kanagurta snd of eggs,

postlarvae and juveniles of the Milkfish Chanos chanos,

although in small numbers, indicates that breeding
grounds of these economically valuable species may be
available off Porto Novo coast. In this regard, much
more intensive collections, pelagic, midwater and
demersal, and studies are needed in order to elucidate
the development and early systematics of much more
species from this arca; as well as to assess their
distribution and sbundance in space and time,

It may be noted in this connection that
the eggs of many species occurring in this region, such
as perches, rabbitfishes, ctc should be demersal;
and hence, demersal collections from the locality are
very much needed for more detailed investigations,
Adequate plans should be drawn up and implemented,

in order to take up work on these lines im future.

(3) From the fact that some species of

value in commercial culture such as Chanos chanos,

Liza dussumieri, L.macrolepis, Gerres oblongus,

G.setiferus, Lates calcarifer and Siganus javus do
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breed in Porto Novo coastal areas, it appears the?’
seed resources of these Tishes could be located in the
arca. An intensive seed resources survey in this
region; including backwaters and mengrove swamps,
should be planned and undertaken, in order to locate
such centres and to plan for their rational exploitation
in commercial stocking operations, Since the area

is also known to be a breeding and nursery ground for
many fishes; it is essential to protect the stocks
there from indescriminate fishing, particularly during
spawning seasons, by declaring "closed" periods and
regulating the maturity condition of the fish to be
captured, based on length.

In view of the presence of extensive
backwaters at Porto Novo, affording required ecological
niches for life and growth of culturable species, steps
should be initiated for induced breeding, propagation
and stocking of species useful im commercial culture.

Fishes such as Liza dussumieri, L.,macrolepis, Lates

calcarifer, Siganus javus, etc appear to be quite

suitable in this regard.

(4) With regard to identification of
planktonic eggs, apart from major differences such as

size, shape, presence or absence of oilglobule,
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vacuolation, pigmentation; ete, certain subtle
diffeorences in the structure of eggs proved to be of
crucial value, One such feature is the size of
vitelline area of the developing egg. The vitellire

area (or yolk) in the eggs of Sardinella fimbriata

is markedly smaller than in closely allied S,longiceps,

although overall size ranges of the eggs of both the
species are almost similar. The diameter of the eggs

of Liza dussumieri is different from that of the eggs

of L.macrolepis and L,tade. The latter two species
have overlapping ranges of egg diametcrs. But; in
the newly hatched larvac of L.tade thc oilglobule is
situated at the front of the yolksac whereés in the

newly hatched larvae of L.,macrolepis, it occupies the

hinder part of the yolksac. Eggs of Therapon jarbua,
as also the oilglobule im them, present a dark,

glistening appeararce, which is characteristic.

(5) In larvee and postlarvae of closcly
allied fishes, particularly those which have overlapping
ranges in myotomes, diffecrences in their dispositions
as preanal and postanal hsve proved to be of value,

For instance, larvae of Nematalosa nasus have 30 to

35 preanal myotomes; but, in the larvae of most speciesn

of Sardinella there arc as many as 34 to 40 preanal
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myotomes. Similarly, =lthough larvae and postlarvee

of Ilisha megalontera and Opisthop¥orus tardoore

(Bensam, 1968 b) have the same range of myotome numbers,
the preanal complement ic 30 in a very early postlaval
stage in the latter svecies, whereas it remains as
37 to 39 even in an advanced postlarval stage in the
former.

Among the larvae of mullets which exhibit
the same number of myotomes, the carly larvae of Liza

dussumieri and L,tade have only 6 to 7 preznal myotomes,

while in the early larvae of L.macrolepis there arc

11 preanal myotomes. Similarly, in the pestlarvac of

Gerres oblongus, there are 7 preasnal and 17 postanal

myotomes in an early size of 2,91 mm; but, in the

postlarvae of G.setiferus, the above disposition of

myotomes is attzined only after 7.65 mm size,

(6) Differences in patterns of pigmentation
are of value in separating the larvae and/or postlarvae
of certain species which show the same range in the
number of preanal and/or postanal myotomes. Thus,

although the postlarvae of Nematalosa nasus and

Sardinella gibboss on the one hand and thosc of

S.a2lbella and Hilsa kelee (Rao,K.S., 1973) on the

other, have the same number of preanal and postangl
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myotomes, differences in the pattern of pigmentaticn
are useful in seperating them from each other.
Similarly, this character is useful for differentizting
between early postlarvae of the mullets, Liza tade and

L.dussumieri =2 well as between the carly postlarvac

of the silver biddies, Gerres oblongus =nd G,setifcrus.

In the early life history stages of mullets
in the present studies, a gradual decrease of pigmentation
is recorded during larval phase of development, leadins

to sparse condition in postlarvae. In Liza dussumieri.

only advanced postlarvae show pigmentation again,
resulting in subsequent increase, This is different
from the presence of fairly good pigmentation
throughout the larval and postlarval development of

Mugil cephalus, as recounted by Martin and Drewry (1978).

It appears gquite probable that sparse pigmentation in

the postlarvae of Liza dussumieri and fairly good

pigmentation in the postlarvae of Mugil cephalus are

related to generic differences,

(7) Variations in the structure and
development of one or the other pert of the body is
also found to be of importance in distinguishing the
postlarvae of certain spccies which exhibit similar

ranges in number of myotomes. Thus, in the postlarv:e
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of Ilishz melastoma =nd Serdinella clupeoides, which

have the same number of myotomes, the clongatced nature
of developing anal fin basc in the former, foreshadowing
the condition in =dults, proved to be a useful dizgnostie
character for their separation, Higher number of fipst
dorsal spines in the latc postlarvae and juveniles of

Gerres setiferus is useful in identifying them from

similar stages of G,oblongus.

(8) Differences in the development of
general body form as well as certain other parts of
the body have been obscrved in a few rclated species,
Postlarvae of Sardinella dayi (Bensam, 1973) shows a

quicker pace of development in certaim characters than

those of Sardinella fimbriata, where, oﬁly in the juveniles
that the ventral fin is indicated. But, in S.dayi,
the ventral fin develops much earlier than the attainment

of juvenile condition. In S.fimbriata, juvenile

condition is reached by the size of 21.5 mm: but in
S.dayi, even at a size of 20.25 mm, the postlarval

condition persists, comparable to 11.43 and 12.3 mm

stages of S.fimbriata.

During the postlarval development of Thryssa
mystax, ventral scutes arc seen to develop by 26,5 mm

stage itself, while in Sectipinna phasa (Nair,K.K,.,1940;
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Jones,S. and Menon, 1951 ¢) scutes begin to develep
only at 30 - 32 mm st~go. In the nostlarvac of

Serdinclla sirm, thc forward movement of the vent t-lec

place earlier than in the postlarvae of S.clupeoides

and Tlisha melastoms.

A more pronounced forked caudal fin in an
early postlarva than in later stages is scen in Liza

dussumieri, the adult of which has fairly well forkcd

candal fin, Similar changes from a markedly forked
caudal fin in an early stage to a less marked conditiorn
in a later one are seen in some fishes reported from

mid Atlantic Bight, such as Tetragonurus atlanticus and

Sphyraena borealis (Martin and Drewry, 1978). And,

among mullets themselves (Martin and Drewry, op.cit),

24 mm Mugil cephalus shows a longer lower caudal lobe

than upper, 25 and 32 mm juveniles show more or less
symmetrical caudal lobes, 39 mm stage shows longer lower

caudal lobe, but vice-versa in 63 mm, TFrom thesc faets,

it appears that the shape of caudal fin in mullets

undergoes changes in the course of development.

(9) Inferior location of mouth as in adult
condition has not been observed in early postlarval

stages of all species such as Thryssa spp, Chanos chanog

and Polynemus sextarius. The mouth is terminal in
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position first, with lower jaw longer than the uvpe=.
However, as development progresses the snout grovs longer
than the lower jew =nd in postlarvae or juveniles, the

mouth becomes inferior in nosition,

(10) A significant fact observed during

early juvenile development of Siganus javus is the

formation of a secondary set ;fhéﬁineé éhq rays_ip;dé;ghlj
and anal fins, The postlarval sets of spines and ravs
undergo atrophy or resorption in 9.56 mm stage, giving
place to the new sets. Thus, it is obvious that unlike
in vast majority of fishes, in S, javus the adult
complement of spines and rays in unpaired fins do not
represent the postlarval components but are subsequent

replacements.

(11) Differences are observed in forward and
backward movement of vent in the course of development of
larvae, postlarvae or juveniles; thus altering the
disposition of preanal and postanal composition, till
reaching the adult condition. While in Clupeiformes and

many other fishes like Therapon jarbua, Upeneus (Pennon)

bensasi, Lates calcarifer, etc, the movement is always

forward, in many mullets, mackerel, etc the initial

shiftihg is forward in larval stages, followed by a
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backard novement in postlarvae. However, in Muzil

initial movement is backward and the subsecuent onc is

forward. In Sillago sihema from Jspan, Ueno, Senta and

Fujita (1958) have showa in the figures an initial forward
and a subsequent backward movement in nostlarvae and
juveniles respectively, But, in the present matcrial ol
the same species from India, there is é backward movemert
of anus in late postlarvae followed by a forward movement
in early juvenile phase and a tertiary haclkrard shift io
late juveniles, It is cuite possible that such
differences in the same species from two geographical
areas such as Jepan and India are related to species or
stoek variations, More intensive studies on material
from the two countries are needed to clarify this saspcct,
Apart from the above, within the same genus,
two species are observed to exhibit differences in forward
and backward movements of the vent. Thus; in Gerres
oblongus, a gradual incrcase in preanal proportion is
seen in postlarvae while in those of G.setiferus, an
initial decrease and a subsequent increase could be
recorded presently. A similar difference in the locastien
of vent could be noted in the figures of larvae and/or

postlarvae of Mugil curema and M,cephalus, recounted

by Martin and Drewry (1978). 1In Siganus javus =21lso
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there was a initial decrcese and a subsequent incrersc.
whereas in Platycephalus indicus an increase in pre na.
pronortion could be seen during early postlarval

development.

(12) The disposition of myotomes during
larval, postiarval and juvenile phases of development
undergoes changes followed by shifting in position of
the anus, in most of the cases studied., = But, in some
instances, accompanied by changes in preanal and vostanal
proportions, there is no corresponding change in the
location of vent with reference to the number of myotomesg,

For instance, in the 24 hrs old larva of Liza dussumicri

(2,03 mm), a significant decrease in preanal proportion
could be recorded from the newly hatched larva(l.31l mm),
without any chance in the position of anus. In 3.6 mm

postlarva of Polynemus sextarius, the preanal proportion

was 51.3¢% of total length but only 41.5% in 6.52 mm stage,
without any change in the disposition of myotomes.,

This was insvite of the fact that more than 107 of total
length of the spccimen was involved by the movement of ‘
anus., Similar conditions could be pointed out to a

lesser extent during early postlarval development of

Sillago sihama, Gerres oblongus, etc., It appears =s

though these conditions of growth are differential raotesg,
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without involving the nosition of vent.

(13) In most Cases; the proportion of
predorsal to total length registercd a gradual decreasc
during development. The same was true in species
provided with two dorsal fins. In the juveniles of

Liza dussumieri, the provortion of precdorsal registerecd

a sharp increase from 26.4% in 10,8 mm stage to 42 7%

in 12.45 mm stage.

(14) In the newly hatched larvae of Lize

macrolcpis and L.tadc, the vent did not open to the

outside, but did so only later during development.
Such a condition was observed in the early larval stage

of Sardinclla gibbosa also (Bensam, 1970) and in a 2,4 mu

larval stage of Mugil cephalus recounted by Martin and

Drewry (1978). It is not known whether the above
condition depicts a normal or abnormal one. More

observations on newly hatched larvae are needed in

this regard,

(15) Variations in the intensity of

pigmentation and in the length of lower jaw were noticed

between postlarvae of Chanos chanos bred artificially in
Philippines (Liao, Juario, ct al, 1979) and studied

presently from plankton, Similarly, Senta and Kumagai
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(1977) found lowest mecan number of vertebrac in Indian
specimens, but higher counts in Philippine specimens,
implying differcnces in the two stocks., The ontosenic
differences presently found could also be due to

differcnces in the two stocks.

(16) Some authors have reported on the
distribution and/or occurrence of early life history
stages of marine fishes from Indian coasts, without
descriptions, figures or justification for their
identification (Basheeruddin and Nayar, 1962; Chandra;
19645 Rao,K.V., 1964; Rao,N.G.S.; 1967; UNDP/FAO, 1974;
1975 b, to mention a few). Such reports appear to bc

based on incomplete information and hence arc of limited

value.,

On the devclopment and systcecmatics of early
life history stages of the vast majority of marinc and
estuarince fishcs of India, lacunac still exist.

Hence, it is csscntial to undertake long-term rcscarch
programmes for intcnsive studies in a eritical manner

in thc lines indicated.



RESUME

Adequate knowledge on development and
systematics of early life history stages of marine and
estuarine fishes is an important prerequisite for
estimating adult biomass, monitoring changes in stocks,
forecasting trends of production; collecting seeds of
target species for commercial stocking, clarifying
taxonomic features based on ontogenetic aspects, etc, etc,
In India; among about 1,800 marine and estuarine fish
species available, development and systcmatics of early
life history stages in not even 10% of them are knowm in
sufficient detail, And, in Porto Novo itself, along
south-east coast of India, among about 600 species of
fishes present, the early life history stages of only
about 55 are identified and documented till 1977.

Hence, in order to expand our knowledge further, a study

on development and systematics of early life history

stages of the common fishes in the locality was
undertaken during 1977 -'79, based on material collccted
mostly from plankton; and the results are recorded
in the present thesis.

Among twentyfive species dealt with in the
present work, one or more early life hisﬂ@ry'StaSBS of

fiftcen cases are reported for the first time, nrmely:

Nematalosa nasus, Sardinells clupeoides, S,sirm,

S.albella, Ilisha melastoma, I.megaloptera, Thryssa




250

dussumieri, T.mystax, Liza dussumieri, L.ta=de, Polynemus

sextarius, Gerres oblongus, G,setiferus, Therapon jarbua

and Siganus javus., Developmental stages of five other

species are described for the first time in Indie, viz,

those of Chanos chanos, Sardinella fimbriata, Sillago

sihama, Upeneus (Pennon) bensasi and Platycephalus indicus.

Also, eggs, larvae, etc of another five species are
recorded for the first time from Porto Novo, namely

Thryssa hamiltonii, Stolephorus tri, Liza macrolepis,

Lates calcarifer and Rastrelliger kansgurta. Discussion

on systematics of the early life history stages is
included to highlight their salient features end
diagnostic characters.

Larvac of Nematalosa nasus have 45 myotomes,

as against 41 in the closely allied Anodontostoma

chacunda. Differences in number and disposition of
myotomes, sequence of development of caudal fin and
pigmentation pattern have aided in identification of the
postlarvae of this species for the first time
from plankton,

Size of egg, diameter of yolk and absence

of oilglobule are characteristic of the eggs of Sardinella

clupeoides. Early larvae of this species could be

distinguished by the absence of oilglobule. Postlarvae

of S.clupeoides, inspite of their larger size, showed g
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lesser pace of development and hinder vposition of vent
compared to postlarvae of closely related S.gibbosa.
Also; the former could be distinguished from the
postlarvae of S.dayi by variations in number and
disposition of myotomes, inspite of similar developmental

sequences, Postlarvae of Sardinells sirm, when

compared to those of S.clupeoides, presented a lesser

number of preanal myotomes and difference in

pigmentation pattern.

Eggs of Sardinella fimbriata could be

distinguished from those of allied species having similar
egg diameter by a smaller size of yolk, Among allied

species which have overlapping range of myotomes,

postlarvae of S.fimbriata could be separated from those

of S.zibbosa, S.dayi and S.longiceps through variations

in number and disposition of myotomes, in developmental
sequences and in pattern of pigmentation. Postlarvae

and juveniles of Sardinella glbella could be isolated

from those of S.sirm and S.clupeoides, 211 of which

have the same range of total myotomes, by dissimilarities

in their disposition.,

Advanced postlarvae of Ilisha meclastoma

showed indication of z longer anal fin base under
development than those of other clupeids having =

short anz2l fin in adult condition. Also, a rapid
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forward movement of vent was noticed during postlarval
development in this species than in certain sardines;

Distinctly low number of total myotomes in I.melastoma

when compared to the allied I.megalopters could be

used with advantage for separating the postlarvae of

these two species,

Postlarvae ahd juveniles of Chanos chanos

collected at Porto Novo showed some vafiations in
pigmentation from those artificially bred and reared

in Philippinesi Recent finding that four subbopulgtions
of this species are present in Indo-Pacific region

seems to be supported by this observation.

Eggs of Thryssa dussumieri were smaller

than those of T.,hamiltonii. Their larvse also showed

differences in number and disposition of myotomes.,
Number of myotomes was useful in the identification

of a postlarva of Stolephorus tri also,

Eggs of the mullett Liza dussumieri were

smaller than those of Liza macrolepis and L,tade,

Larvae hatching out from the eggs of L.tade had
oilglobules at front aspect of yolksac whereas in those

of L.,macrolepis the oilglobules occupied a hinder

position, Differences in pattern of pigmentation were
helpful to separate early postlarvae of the above

three species of mullets,
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Postlarvae of the threadfin Polymemus
sextarius could be distinguished from those of other
polynemids in the number and disposition of their
myotomes, Its juveniles showed six free pectoral fin
rays. In the postlarvae and juveniles of Sillago
sihama, described from Indian wéters here, differences
were observed in forward and backward movement of anus
with resultant variations in preanal and postanal
proportions of the body; as compared to material reported
earlier from Japan. This points out to the existence
of differences in the species; based on geographical
variations,

Eggs of the silver biddy, Gerres oblongus

had a vacuolated yolk and a pigmented oilglobule.
Postlarvae of this species could be separated from those

of the allied species G,setiferus chiefly by the

presence of a characteristic midlateral series of
pigmentation in the latter and its absence in the former.
Late postlarvae and juveniles of these two species

could be distinguished in that in G,setiferus ten

developing spines could be made out in the first dorsal
fin, but only nine in those of the other species,

Also; between these two species, a difference in forward
and backward movement of anus could be observed during

postlarval development,
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The eggs of Therapon jarbua, with a

prominent oilglobule, present a dark, glistening
appearance, Postlarvae of the goatfish, Upeneus

(Pennon) bensasi, differ from those of the game species

reported from Japan, in the position of vent. Post-
larval and juvenile development of the rabbitfish

Siganus javus suggested a lateral flattening of the

body at the end of postlarval phase, accompanied by a
reduction in length. A significant observation with
regard to this species was replacement of the postlarval
dorsal and anal fin spines during development, by a new
juvenile set, accompanied by atrophy or resorption of
the postlarval set.

A single postlarval form of the Indian

mackerel Rastrelliger kanagurta, reported for the first

time from the east coast of India, resembled similar
stages of Japanese and Atlantic mackerels closely,
in=the low number of preanal myotomes.

Salient features of taxonomic value in
respect of the developmental stages are commented
upon, including those for comparison and contrast to
equivalent stages of related species described by
pPrevious authors. Differences in such subtle aspects
as position of oilglobule in larvae, pattern of

pigmentation, sequence of development of certain parts
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of the bodyv, etc, etc, which were found to be of value
in the separation of developmental stages with
overlapping meristic characters, are highlighted in
the concluding section on general remarks,

It is obvious that extensive and intensive
collections, pelagic; midwater and demersel, should be
undertaken at Porto Novo and nearby neritic waters,
in order to study the systematics of early life history
stages of this locality and to add to our knowledge on the
devélopmental stages of_much more species, Also, from the
occurrence of the early life history stages of many

culturable fishes at Porto Novo, such as Chanos chanos,

Liza dussumieri, L.,macrolepis, Sillago sihama, Gerres spp,

Siganus javus, etc, seed resources of these species

appear to be available in this area for cxpleitation

and stocking in commercial Coastal Aquaculture operations.
Since Porto Novo and its environs appear to be a breeding
and nursery ground for a good number of fishes; including
commercially important ones, it is imperative to protect
the spawning stocks through controlled fishing. The
concluding section draws attention to these aspects also

and points out to the need for planned programmes in

the above regards,
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