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PROCEEDINGS OF THE SUMMER INSTITUTE
IN |
RECENT ADVANCES ON THE STUDY OF MARINE
FISH EGGS AND LARVAE

The Indian Council of agricultural Research,
having récognised.the importance of the study of marine
fish eggs and larvae, haé sanctioned a Summer Ihstitute
to be held at the Central Marine Fisheries Research
Ingtitute's Regional Centre at Mandapgm Camp, from ;4th
June to 3rd July, 1969. |

'There were seventeen gandidates who have

_undergoﬁe the Summer Institute as its participants, 

- sponsored by the Heads of_va#;oqs research, educaficnal

and developmenfal-orgahiSQtions dealing with fish and

fisheries'in the country.

The sunmey Institute comprised of lectures,

practicals, training, field visits and group discussions,
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covering the latest development and recent advances in

thé field of marine fish eqgs and larvae.

lﬁhe summer Institute was inaugufated by
Dr, M.Lakshménanf Vice'éhancéllor, Madprai Kamaraj
Uniﬁersityp on the forenoon of 14th June, 1989,' br.
A, G. Sathyanesan, PBEneritus scientist, councii of
Scientific and Industrial Research has presided'over -
the function; and later he has deiivered a lecture on
"Neurendocxire control of gonadotropin secretion‘W1th .
special reference to gonadial growth and spawning":

for the benefit of the participants.

on 3rd July,_;geg, the valedicto;y function wés'
organised, wheﬁ D;, K.Subbaramajah, senjor sCiéntistf
centraIISalt énd Marine Chémicals Reseaﬁch Institute,
Marine-Alga1 station._Maﬁ@aéam,_has de1ivered the
.valedigtéry address and aiqo.distributed Certificates
to all the 17 partiqiéants wﬁo have suécessfuliy
completed the Summer_lnstitﬁ;e.
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'ipfluence on the stocks.

FOREWORD
For the rational exploitation, conservation and
management of marine fisheries, it is essential to survey
the spawning grounds of different species determine the
spawning éeasons, study their rec;uitﬁent, growth and

mortalities, This would be possible only 1f proper

identities'of'the eggs, larvae, postlarvae and other develop-

mental stages of the target species are established Apart
from this. studies on marine fish eggs and larvae are

essential for identification of new fish stocks of commercial

_importance as well as to correlate the distribution and

abundance of early developﬁental stagga'of farget species in

- relation to the prevailing énvirqnmental parameters and their
, . _ e ;

In CQasta;-aqﬁacqlture coperations,
it is imperative that the characteristic features of the

early life history atagea of the target species are known

accurately.

In view of the above, it has become imperative to
identify the early developmental stages of marine fishes
precisely and document them in different geographical areas.
Many cantributiqns from different parts of the world have
emanated over the years'oh account of these reasans; and two

iﬁte;national syﬁposia as well as 2 training course have been

- conducted in recent years,:



In India, among about 1,300 species of marine bony
fishes present, the early developmental stages of only
about 100 species have been identified and documented‘so
far, forming only about 8% of the number of the species.
But, for a rational expioifation, conservafion and
management of our marine finfish resources, there is urgent
need to f£i1ll up the_iacunée_existing iq éu: knowledge at
present. Hence, in order tolfbcus attention on this aspect
as well as to train some scientisté and teachers in the
country, the Indian Council of agricultural Research has
sanctioned a Summer Institﬁte in “Receﬁt Advances on the
‘study of Marine Fish Eggs and Larvae" at the Mandapam
Regipnél Centre of fhe central'Mar;ne Fisheries Research
Institute, f;om 14th Jﬁne to 3rd July, 1989. The present‘
volume contains the technidal-papers preparéd and p;esented

at the above summer-lnstitﬁté by the Paculty.

‘The Director and Paculty Members express their
gratitude to thé ICAR for the financial assiStance provided.
They are also thankful to the Heads of various ofganisations

for sponsoring the candidatés for the Summer Institute.

:%;, e
PJS.B.R, Jame
- Director, Summer Institute and
Directer, CMFRI '
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IMPORTANCE OF THE STUDY OF EGGS AND LARVAE IN
FISHERIES DEVELOPMENT

ST BY
‘ P.S.B.R. James
_ Director
Central Marine Fjisheries Reseaf  gtit té chi

~te

Research 1n Fisheriles biology of commercially 1mportant

e-;:species ‘have assumed 1mportance only during the 19th and
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' 20th centuries in different parts of the world. With -
progress of the above work over the. years, ‘it was reaiiéed
that an absolute knowledge on the early developmental stages
of marine fishes is required to assess their distribution'“'
and abundance .in space and time (Ahlstrom, 19543 1966)
Such a study is also an essential prerequisite in under-
taking the spawning surveys of target species, monitoring
the changes in exploitable stocks and yields and forecasting
the trends of their production (Ahlstrom-and Moser, 1976).
For instance, in the European Plaice, a correlation has
been found to exist between the abundance:of the early_
developmental stages in the plankton and the subsequent
recruitment of the year - classes to the fisherv; For

the herring, a similar relation has been found between

the spawning stock and egg production (Russell, 1976).

The rate of survival from newly spawned eggs to the ‘end

of planktonic phase of life in the Pacific sardine was

found to be about one in one thousand (Ahlstrom, 1954),
From the above facts it is obvious that only if and when
proper identities of eggs, larvae, . postlarvae of the target
species are established, will it be possible to determine
the above events as well as to manage the respective
fisheries in space and time. Hence, as drawn attention
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to by Smith (1974) among many others, the above aspects
constitute the most important objectives in the study
of fish eggs and larvae, _

The general practice has been to collect fish eggs
and larvae from the natural environment and identify them.
.This method is omﬁomammwoa with a number of problems and
uncertainity to a great extent. The ‘alternate and sure
method of identifying the eggs and larvae of fishes is to
artificially fertilize the eggs of known species through
induced breeding or stripping (parents are precisely known)
and follow the amcmwovam:a to describe later stages, There
is great need for such work to solve many other problems
related to study of fish eggs and larvae,

Apart from w:omm‘ studies on marine fish eggs and
larvae are important in the identification of new fish
stocks of commercial potentialities, as explained by
Ahlstrom (1968) and in the evaluation of fish resources,
as drawn attention to by Ahlstrom and Moser (1976). Also,
in order to oouwmwm&m the nwmaﬂpccﬁpos and abundance of

early developmental mﬁm@mm of emuomw species in relation
to prevailing environmental parameters Hﬁvﬂmpnmp chemical
. and biological), the studies mum wanOme:& A>:Hmaﬂoa.
1954, 1966), _

In coastal aquaculture operations, one of the basic
requirements is to collect young stages, popularly called
MSeeds", of fishes from natural seed-resources centres
for stocking in grow-out ponds, cages etc.,, For this
purpose, it is imperative that the characteristic features
of the early life history stages of the target species
are known accurately., Only if and when the above condition
is fulfilled, will there be certainty with regard to the
wgmoawﬁ< of the species stocked in culture and released
in ranching. Character variability of young stages such
as pigmentation, morphometric features and meristic
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characters occurring in different areas should be understood
properly through an indepth study of characters,  This helps
to aveid any confusion wz_wmm_mmvmﬂmwmo: of the young
stages of the target species from those.of undesirable
species. Also, the distinguishing characters of anwmmumsﬁ
developmental stages should be studied and properly docu-
mented, in order to segregate the most desirable stage for
bestowing adequate attention in nursery practices. This

is also essential to determine the effect of certain
ecophysiological factors on a particular developmental
stage, in order to explore the possibilities of undertaking
remédial measures. Besides, character differences between
am<mpouam:¢mw stages occurring in natural statée and those
obtained by artificial means, {(induced breeding) should be
known, in order to assess the role of such difference in
subsequent development. B

Ahlstrom and Moser (1976, 1981) have elucidated
that accurate identification and documentation of fish
eggs, larvae and other developmental stages form a basis
in fish amxozoa<_wco: as for clarification of taxonomic
characters based on ontogenetic differences. The study
is important for delimiting, spawning grounds, breeding
mmmmo:m. amonma»osm ete,.,

From the study of eggs and larvae and their distri-
bution and abundance, it is also possible (if fecundity
of the species is known) to estimate the females in a
population and thereby alsc the males (if sex ratio is
known) m:a_sm:om the strength of total spawning population
which is esséntial for studies on recruitments mortality
and fish stocks, that are vital in the rational exploi-
tation, amnuqmamsw and conservation of the resources. In
order to make an mmmmmmam:ﬂ of the quality and quantity
_of ichthyoplankton as an ‘important component of the |
~ planktonic biomass and to omasmﬂ_wnmousmapos to determine
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the whole spectrum of ichthyofauna in an area, a study of
the early life history stages of fishes is important.

As a biological indicator brought by certain water
masses, eggs and larvae have to be identified and documented.
For use as a general study material, as an experimental
organism in Uwommmw<w. in mmﬁmo¢m of fish toxicology,
embryology and other areas, a mdcaﬂ of the mmﬁw< develop~
mental stages of fishes is wavowﬂmzﬁ

. In view of these compelling reasons, it has become
imperative to study the early developmental mﬁmamm of marine
fishes with accuracy as well as to document them in different
geographical areas, Publications such as those of Uchida,
Imai et al. (1958) and Mit (1966) from Japan, Russell
(1976) from Britain, Jones, Martin and Hardy Jr (1978),,
Hardy Jr (1978 a, b), Johnson (1978), Fritzche (1978) and
Martin and Drewry (1978) all from the Mid-Atlantic Bight
and Ozawa (ed., 1986) from Western North Pacific are contri-
butions in this direction and need emulation in other parts
of the world as well, Realising these facts, an inter-
national training course on fish eggs and larval studies
was conducted during 1973 (FAO, 1974) as well as two inter-
national symposia were held, one in 1973 (Blexter, Ed.
1974) and another in 1979 (Lasker and Sherman, 1981),

3
!

References

Ahlstrom, E.H. 1954 Distribution and abundance of eqgg
and larval vovcwmawozm of the Pacific sardine,
U.S. Fish & Wildl, Serv., Fish, wcHw.b.uo (93):
83 -~ 140,
b:pmwwoa. E.H, 1966 Uumﬁwpccﬁuos and abundances of sardine
and anchovy larvae in the California Current
Region off California and Baja California, 1951
- 1964, U,S, Fish & Wildl, Serv., Spl, Sci. Rept,,
534, .




B

Ahlstrom, E.H. 1968 An evaluation of the fishery
resources available to the California fishermen
In: The future of the fishing industry of the
United States, Ed. by Gilbert, D., Univ, of
Washington, U.S,A.

Ahlstrom, E.H. and H.G. Moser 1976 Eggs and larvae of
fishes and thelr role in systematic investigations
and in fisheries. Rev. Trav, Inst., Peches marit,
40 (3 -~ 4)s 379 - 398,

Ahlstrom, E.H. and *H.G. Moser 1981 Overview - Systematics
~and development of early lifehistory stages of
marine fishes: Achievements during the past century,
-present status and suggestions for the future,

Rapp. P. - V., Reun, Cons, int, Explor. Mar., 178:
" 841 - 546,

~ Blaxter, J.H.S. (Ed.) 1974 The Early Life History of

Fish, Springer - Verlag Berlin, Heidelberg,

F A O 1974 Report on the FAO/MARMAP international
training course on fish egg and larval studies.,
FIRS/R 144,

Fritzche, R,H. 1978 Development of fishes of the Mid -

Atlantic Bight, V, Chaetodontidae through
Qphidiidae, U.S. Dept. of the Inter., Fish & Wildl,
Serv, )

Hardy Jr. J.D. 1978  a Development of flshes of the
: Mid - Atlantic Bight, II. Anguillidae throug
Svnggathidae. U.S. Dept. of the Inter., Fish &
Wildl, Serv. |

Hardy, Jr. J.D, 1978 b Development of fishes of the
Mid QIAtlantlc Bight, I1l, Aphredoderidae through
Rachycentridae., U.S. Dept, of the Inter., Fish
& Wildl. Sexv,




- _
Johnson, G.D., 1978 . Development of fishes of the Mid -
Atlantic Bight, IV Carangidae through Ephippidae.
U.S. Dept. of the: Inter,, Fish & Wildl. Serv.

Jones, P.W., F.D. Martin and J.D. Hardy Jr. 1978 Develop-
ment of fishes of the Mid-Atlantic Bight, I,
Acipenseridae through Ictaluridae, U,S. Dept. of
the Inter., Fish & Wildl, Serv.,

Lasker, R, and K. Sherman (Ed.) 1981 The Early Life
History of Fish; Recent studies. Rapp, P. - V.
Reun. Cons. int. Explor., Mer, 178.

Martin, F.D. and G.E. Drewry 1978 Development of flshes

of the Mid-Atlantic Bight. VI. Stromateldae through

- Qgcocephalidae. U.S. Dept., of the Inter., Fish & .
Wildl, Sexv. o R

Mits, S. 1966 Identification Sheets of marine plankton
in Japanese Waters, Fish Eggs and larvae (in Japanese).

Soyosha, 7: 174,

Ozawa, K. (Ed.) 1986 Studies on the oceanic ichthyo=
plankton in the Western North Pacific. Kyushu
University Press, Japan,

Russell, F.S. 1976 The eggs and planktonic stages of
British marine fishes, Academic Press, London.

Smith, P.E. 1974 Manual of methods for fisheries
resources survey and appraisal, Pt,: IV, Standard
techniques for pelagic fish eggs and larval surveys
(in mimeo).

Uchida, K., S. Imai, S. Mits, S. Fujita, Y. Shojima,
T, Senta, M. Tahuku and Y. Dotu 1958 Studies on
the £ags, larvae apd juveniles of Japanese fishes,
Ser, 1, Kyushu Univer51ty, Japan.




] L b i"-ih‘iiiii,'i

CMFRI/S1/1989/Th, 11

* RELEVANCE OF THE' STUDY OF MARINE FISH EGGS AND QRVAE
. IN_INDIA
| | P. Bensam
Prlncipal Scientist

'_Central Marine Fisheries Researc_ In tit

_ India is a tropical, peninsular éoUntry, sifuated
between. ahout Lat, 3° and 38° N and between about Long, 68°

~and 80° E, There is an extensive coastline of more than

6,500 Km, dotted with many estuaries, creeks, backwaters
bays, lagoons, etc., frequented by quite a few species

 of fishes., According to Talwar and Kacker (1984), there

"are'apout 1,400 marine and estuarine fish species in India,

ey g

Of these,; about 100 species belong to the group of sharks,
rays and skates (Esasmobranchii}, which are mostly viviparous,
giving birth to their youngones and hence do not pose any

_problems with regard to their identity in their young

stages, But, the rest of the number of species, about
1,300, belong to the group of bony fishes (Osteichthyes)
and most pf;them are found along both the east and west
coast of tbeé;;jﬁnaula in Bay of Bengal and Arabian Sea
respectively._f;f;- -

Among the many species of bony fishes, it has been
observed that unlike as in temperate regions of the. world

where only one-or two species contribute to fisheries,

in the seas of " a1tropical country such as India, ‘a number
of species are present in the same genus .and are allied
genera;” contributing to multispeties fisheries., A well
known example of this kind is the Order Clupeiformes,

, . Tepresented by genera such as Sardinella, Dussumieria

. Escualosa, Hilsa, Ilisha, Opisthopterus, Raconda,Siolephofus
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Thryssina, Thryssa, Setipinna and Coilia. In many genera,
each is represented by quite a few species Fox instance,

the genus Saxdipella is represented by 13 spec1es including
the subgenus Amblygaster in India, vide Fircher and Bianchi
(Ed., 1984), viZ., S. lgeila, ‘brachysoma, dayi, fimbriata,

gibbosa, jussieui, longiceps . melagura, neglecta, sindensis

S, {(Amblygaster) clupeocides, amblygaster, sirm; and the
genera Thryssa, Stolephorus and Ilisha have 11, 8 and 6

species respectively., Another such group is the family
Mugilidae which, as may be seen from Tircher and Bianchi
(1984)-Yas 6 closely allied genera and among which the
genus Liza has 13 species and the genus Valamugil has 6
species. Such a multiplicity of species is said to be the
result of a more rapid rate of speciatidn in -tropical.
waters than in temperate regions‘- and,“in'manv loéalities,

genera contribute to a fishery, ranging from 3_- 5 t9339;fﬁ;
32 numbers. S _

. Apart from the presence of closely allied species _f-
and/or genera in the same locality, most of the species
are observed to spawn in the same area and at the same - time.
Bensam (1981) has reported the spawning of quite a few !
_species of Clupeids and Engraulids at Cannanore, Tuticerin
and Porto Novo, during the same spawning season. In:many
cases, the spawning seasons appeared to be throughout the
year, as evidenced by the occurrence of eggs, 1arvae and
juveniles, vide, Bal and Pradhan (1945, 1946, 1951);
Gopinath (1946). According to.Qasim (1973),.spgwning
of most marine teleosts fishes in India is protracted,
usually beginning at the ‘onset of monsoon rains along both:
the coasts: In the west coast of India, the south-west
monsoon’ rains commence from June-July and end up in September-
October and in the east coast the north-east monsoon rains
start from September-October and end up in November-December,

T
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vmazmvm ﬁum most Ummmpw:n problem encountered in
ﬂrm meca< of fish eggs apd larvae in H:anm: Waters is the
o<mnwmvvwso.mm&m of characters of the developmental stages
of xmﬂwocm_mnonmmm,msa\OH genera., Although in a very
few cases the characteristic features are distinct enough
(Delsman, 1926 b, 1929 b, 1930, 1932 a, 1932 b, 1933, qozmm.
and Menpon, “omo. 52, Bensam, Aoom. aoq_v. in the vast
majority of cases the overlapping sets of characters sm<m
forced most workers to rely very much on eircumstantial.
evidence, such as’ nmu»&wnlﬁmwmowo aumnuwvca»oa of adult
fish and occurrence of m@am and Hmﬂ<mm. nop:nuam:ﬁ
ocecurrences om eggs and larvae in the Hoompuw< of capture
of prespawners, mvmzsoum_m:a Uom&mnmzsmum._ Most workers
have generally followed such a method, although in some
cases cogent reasons of diagnostic in value have also been
advanced by them. ~Some groups of species with overlapping
© sets of characteristic features are these of Sardipella,
: qsnmmmm._rwnm._ﬁmwmmvmaycmw etc., w:mmm overlapping sets
of characters will be dealt with in detail in some of the
future lectures. For the vummmaa it is m:oca: to indicate
that these are: egg diameters, aumSQ&mH_om,o»Puwoccwm~
number and disposition of ECmon mm@am:am omwwma a<oamumm
“and the like, . SR . S ST

The interest of mankind towards ichthyoplankton
studies commenced only towards the end of the last century
(Russell, 1976) when, in the year 1865, the eminent
Norwegian planktologist has discovered that the eggs of
the mcnnvmm: cod, haddock and- -gurnard are planktonic,
:ozm<mu, »: India the first attempt to study marine fish
eqggs m:a larvae was made mmamw another about fifty years
when m:mﬁamosmm<m Aaogou ummnﬂwcma a:m mmnn< stages of
threc estuarine fishes. Thereafter, there ‘Was a progresss=
ive increase of Hmmmmuo: in this subject. An mvﬁumwmmp
ow soux ‘carried out. eHHH wOQmam w: e:m country recently
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made by the present writer (Bensam, -in press) shows that
the number of specxes whose one or: the other: ‘developmental
stage has_been identified is about 290 only;: forming only
about 23% of the marine bony fisheSureported to occur in
India (Talwar and Kacker, 1984). But, a more in=depth
analysis shows that only in the cases of 100 species that
almost all the vital developmental stages, viz., eggs,
larvae,’ postlatvae'anq_juveniles are known adequately,
forming only 8% of the number of species in India. This
fact warrents that for ratlonal exp101tat10n, management
and gonsorvatlon of our marlne fisherles there is urgent
need to flll up the lacunae in our knowledge in thé case of
the vast majorlty of the species as well as to document
these of Species not yet covered.
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NEED _FOR-A SOUND ENOWLEDGE ON _THE I ICHTHYOFAUNA OF THE
LOCALITY, WHERE WORK IS TAKEN UP-SPAWNING SEASON AND
SPAWNING GROUNDS

By

N.G. K. Pillai
Scientist (Selection Grade)

(Central Marine Fisheries Research Institute, Cochin)

For a study'of the early developmental stages of
marine fishes occurring in_the locality where work is
taken up, it is essentizl to acquire a sound knowledge
on the various species occurring in that area. The
Ramanathapuram District wherein'Mandapam and the adjoining
areas are'located, has a coast-line of about 260 km covering
thé sea front of Gulf of Mannar and Palk Bay. These scas
have lucrative fishing grounds with good cohcentration
of finfishes, shellfiehes, seaweeds and other organisms
of economic importance. These are mainly exploited by
indigenous crafts and gears in the nearshore waters

¢ extending to a depth of 10-15 m, With the technolégical

advancement and establishment of 1nfrastrubture_facilities,
the annual marine fish production of the District increased
from 30,000 tonnes to over 60,000 tonnes durlng the past
one and half decades, - ~

A large varlety of fishéé constitute to the catches.
The most important of these are: Silver bellies, elasmo=-

" branche, croakers, clupeids, goat fishes, perches, cat

L b A P e S Nl b

fishes, lizard. fishes and carangids. The annual fish
production by mechanised boats at Mandapam fluctuated
between 2533 tonneS'in 1980 and 721k tonnes in 1984, the
average catch being 5557 tonnes. -Silver bellies (2692 t)
accounted for 48% of the catch followed by penaeid prawns
(12%). Croakers.and elasmobranches contributed to the
tune of 270 and 240 ¢t respectively, the'percentage
composition being 5 and 4% of the total yield,  Goat
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fishes, carangids, cat fishes, flat fishes, clupéids and
other miscellanecus fishes together accounted for about

1700 t (30%).

The names of some of the oviparous bony

fishes, the gear 1n Wthh they are caught, size at maturlty, 
spawnlng season, etc. are as follows:-

1

I. CLUPEIDAE

. . Sardinella gibbosa

‘Gear

Peak period of occurrence
Depth of occurrence
Length range in. commerC1al
fishery '

_Size at first'matﬁrity

-t

Gill net
May-June

Upto 15 m

L]

100 = 180 mm

120 mm

Spawning season : Jan-April
Sardinella albella N
Gear . : Gill net
Peak period of occurrence : May-June
Depth of occurrence : Upto 15 m
Length range in commercial 1 100-165 mm
fishery '
Size at first maturity : 115 mm
Spawning season : Jan-April

II. LEIOGNATHIDAE

(Silver bellies)

Leiognathus jonesi

Gear
Peak period of occurrence

Depth of occecurrence

Length range in commercial
fishery
Size at first maturity

Trawl net/shore seine
Throughout the year
5=20 m

3595 mm

"Males=70 mm
- Females -~ 65 mm
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2,

3.

a,

5.

3=

- Spawning season

' Leiognathys brevirostris

Gear |
Peak period of occurrence
Depth of occurfence

Length Tange in commercial
fishery

. Size af first maturity

Spawning season
Leicqgnathus cussumieri

Gear -

Peak period of occurrence
Depth of occurrence

Length range in commercial

fishery

' Size at first matufitv

Spawnihg-seéson'

Leiognathus berbis

Gear

Peak period of occurrence
Depth of occurrence
Length range in commercial
fishery .

Size at first maturity
Spawning season :

'Leiognathgg equuliusg

Geary
Peak pericd of occurrence
Depth-of occurrence

Length range in commercial

fishery

LLd

4 -

-

LLJ L1

LAl

-y

L 1]

- L L -

-¥

L L)

L LI -v L LI

L]

Throughout the year

Trawl nét/Shore seine
Throughout the year
12-15 m

45-95 mm
Male : 68 mm
Female : 63 mm

May-Jun and Oct=Nov.

Trawl net/Shore seine/
Gillnet. '
Throughout the year

. 20-40 mm

40-90 mm

Males : 7B mm

Females : 83 mm

Apr-May and Nov-Dec.

Trawl net/Shore seine
Throughout the year
3-8 m _ '

60=-90 mm

Trawl net/gillnet
Throughout the year
10-25 m _ |
125-200 mm
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7.

8.

b=

" Size at first maturity
“"$pawning season
ﬁggzza minuta

Gear

Peak period of occurrence
Depth' of occurrence

Length range in commercial
fishery - '
Size at first maturity
Spawning season

Secutor ruconius

Gear

Peak period of occurrence
Depth of occurrence .
Length range in commercial
fishery

Size at fi:stimaturity
Spawning season

Secutor insidiatbr

‘Gear

Peak period of occurrence
Depth of occurrence

Length range in commercial
fishery o

Size at first maturity

-Spawning season

II1I. SCOMBRIDAE

-t

N - L1

LL]

*% an L1}

¥

e it

Jan-Mar and May

Trawl net/Shore seine
Throughout the year
7-20 m '
45-115 ‘mm

Jan-Apr and Aug=Dec.

Trawl net/Shore seine
Throughout the year
B5=-20 m

4050 mm

4% mm
Qct-Dec,

Trawl net/Gill net
Throughout the year
7-20 m '
15«85 mm

70 mm
Oct~Feb.

Rastrelliger kanagurta (Indian”mackerel)

Gear

Peak period of occurrence
Depth of occurrence

Ll

-0

Drift gill net/
Shore seine
Sep-Mar,

5~18 m
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-Hem
Length range in commercial
fishery

Size at maturity

Spawning season

.

220-240 mm

Jun=Jul and Jan-Mar.

IV. SERRANIDAE, SIGANIDAE, SCARIDAE AND LETHERINDAE

(Perches)

- Epinephelus tauvina

Gear
Peak period of occurrence

Depth nf occurrence

‘Length range in commercial

fishery
Size at first maturity.

' Spawnihg season

Siganus canaliculatus

Gear

Peak periocd of occurrence
Degth of occurrence

Length range in commercial
fishery o

Size at first maturity

Spawning season

Eéthr;nus nebulosus

Gear

Peak periocd of occurrence
Depth of occurrence

Length r%nge in commercial
fishery

Size at first maturity

.Spawning season

LL] LL] -l

-y

-

Ll ALl

s

LL]

e

L L LA

e

T

Trap/Hooks & line
Oct-Mar '
10-30 m
180=790 mm

T;ap/Hooks_& Rine

Oct-May - .
2-5 m . C L=
150+~300 mm

Traps/Gillnet/Hooks
& line/Trawl net

Oct=-Mar.

10=30 m
70-320 mm



4. Call&odon ghobban

Gear : Traps/Hooks & line
Peak period of occurrence s Nov=May '
Depth of occurrence $: 2-5m
_Length range in commercial : 150=300 mm

fishery o
Size at first maturity
Spawning season

'y

LLd
i

A list of the more dominent bony fishes of Mandapam area
is given below:=- | |

Group_names/Scientific names Common_pame

SHADS, SPRATS AND SARDINES

Dussumieria acuta
Hilsa ilisha
Pellona ditchella
Sardinella gibbosa
S. albella

Rainbow cardine
Indian shad

Indian pellona
Gold striped sardine -
Short body sardine

LI 1 e 13

ANCHOVIES

Batavian anchovy
Devisi anchovy

Stoleghorug bataviensis
S. devisi '

S. commersonii
S. indicus
Thryssa mystax

Ll

Indian anchovy

I. dussumieri
WOLF HERRING )

Chirocentrus dorab Dorab wolf herring

C. nudus : White fin wolf herring
MILK FISH

Chanos c¢chanos Milk fish



LIZARD FISHES

+

Saurjda tumbil
S. undosquamis

CAT FISHES
| Tachysurus thalassinus
I. dussumieri -
T. serratus =~

HALF BEAKS

Hemirhamphus spp.

FLYING FISHES

Cypselurus sp.
FLUTEMOUTHS

Fistularia villosa

SQUIRREL FISH

Holocentrus rubrum. - ..

‘H. sammara
MULLETS

Mugil cephalus
Valamugil seheli

Liza parasia
L*‘magrélgpig-

THREADF INS
Polxneﬁus indjicus
P. sexfilis

| P. heptadactylus
P. sextarius

: Greater lizard -fish
‘Brush teoth lizard fish

-4

'Red'squirrgi¢fiéh5

Blood spot squirrel fish

Flat headéd gréy:hullet
Blue spot. grey mullet
Gold spot mullet
Borneo mullet -

Indian thread fin

- Golden six-thread
. threadfin e

Seven—fingér threadfin
Black~spot threadfin



. SEA4PERCHES
' Afbassis commersoni

gxmnoceghalus

Lates calcarifer

Epinephelus tauvina

E.
E.
E.

diacapthus
fasciatus

malabaricus

HWHITINGS

Siliaoe sjihcma

WHITEFISH

Lactarjus lactarius

CARANGIDS

Carangoides malabaricus

Atol mate
Selaroides leptolepis

Caranx sexfasciatus

C. ignecbilis
BLACK POMFRETS

Formio piger

SNAPPERS
Lutijanus g;qen@iga@glatus
L. fulviflamma
L. iohni
L. kasmira
L. malabaricus
L. russelli
Pristipomoides typus

Giant sea perch

Greasy reef cod
Six~barred reef cod
Bonded reef cod
Malabar reef cod

Silver whiting

© White fish

Malabar trevally
&ne finlet scad

Dusky trevally
Yellowfin trevally

Black pomfret

l" l.l ].|
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SILVER BELLIES

Gazza achlamys
Leiognathus berbis
. bindus
brevirostris
daura
dussumieri

equulus
fasciatus

jicnesi
leuciscus

splendens
ecutor insidiator

. zucconius

L

L4

-

»

1 [ e e e e e e e e e e

MOJARRAS

Gerres filamentosus
G. getifer .

CRCAKERS

Johnicops gina
Johnius carutta

J. dussumieri

J. maculatus
Kathala axillaris
Qtolithes argentius
Otolithoides microdon

EMPEROR. BREAMS

Lethrinus pebulosus
L. crnatys

GOAT FISHES

Parupeneus indicus
Upepeus tragula

U. gulphureus
U. vittatus

Sin croaker
- Karutta croaker
“Bearded croaker

Starry emperror bream
Ornate emperor bream

Indian goat fish

Yellow goatfish

Yellow-striped
goatfish
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CORAL FISHES AND # ki FIGHES

Choetcdon spr.
FPcmacanthodes spp.

PARROT FISHES

Callvodon ghobban
C. scaber

SPINE FOOTS

Siganus capaliculatus
S. javis

S. cramin

S. stellatus

MOORISH IDOL

Zanclus cornutus

RIBBON FISHES

Lepturacanthus savala
Trichiurus lepturus

MACKEREL AND SEERFISHES

Rastrelliger kapaquria
Scomberomorus commerson
S. guttatus

S. lineglatus

SAIL FISHES

Istiophorus Qlatxgterus
Makaira indica

SWORD FISHES
- Xiphias glacjus

Flame parrot fish
Five bhand parrot fish

Estuarine spinefoot
Streaked spinefoot
White-spotted spinefoot

Blotched spinefopt

Indian mackerel
Narrow barred seerfish
Indc~Pacific seerfish
Streaked seerfish

Sailfish -

Black marlin

Swordfish
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POMFRETS

Pémguslargenteus . Silver pomfiet

. P. chinensis . | ‘Chinese pomfret

FLAT FISHES

Psottodes erumei ~ Indian halibut
Cynoglossus bilpeatus |

C, dubjus - S

C. macrostomus ‘

'hefeiegces

Dharmatraja, S.K., et. al, 1987 An appraisal.of the
marine fisheries of Tamilnadu and Pondicherry.

Cent, Mar, Fish, Res, Inst., Spl, Pub No 34,

' LiV1ngston, P., M. Sivadas and M. Badrudeen 1988

- Marine-Fish Calendar XII. Mandapam. Mar. Fish
Infnc SQIV., T. & E Ser., NO 900

Rao, K.V, 1968 Distribution'pattern of the major
exploited marine resources of India. CMFRI,

‘Proc, Symp. Living resour, seas around India:
18-101, - o -
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- MORPHOMETRIC AND MERISTIC CHARACTERS OF FISHES

By -
A.A, Jayaprakash -
Scientist (Selection Grade)

jCentral Marine Fisheries Research Institute. Coch;_l

Introduction

Bothfffbh*the\taxonomic as weil as the-management'
point of view, a correct identification of marine fishes
is important. The 'Folk taxonomies' that developed in
qarlier times contained 250 to 800 kinds of animals., The
~ invention of printing in the fifteenth century and world.
explorations have made;expaﬁgion of taxohomy both possible
and inevitable. ‘A number of attempts to classify ‘animals
_ were_made;”but were limited in scope until Linnacus intro-
duced the binomial nomenclature in the eighteenth century.
He has recognised species as the basic unit in nature.
This meant that it is necessary to describe only one. -
individual to know of an. entire speties. Dut later
Linnaeus and his successors have encountered natural
variation within each Species and they were forced to
recognise tvarieties', The scientific names based on
binomial nomenclature provide names that are recognised
all over the world, Each name has two parts: the:ggnus;‘
name which is always capitalised and the trivial name br
the species epithet which is not capitalised( 'The'two
names together ccnstitute a species name. '

Continu1ng the effort t6 catalog a1l kinds of animals,
taxonomists are concerned not only with the description of
new forms but also with the placing of..each foim within a
taxonomic system that shows its relationship to other forms.
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Individuals are grouped into populations (sub species =
geographically isolated and morphologically different from
other similar populatiocns), populations w:dapwvmnwom, species
into genera, genera into familigs,- ouamw. phylum etec., and
upto the Animal Kingdom, , SRR

«  TAXONOMIC METHODS

A modern taxcnomist may be able to draw information
from such varied fields as Uwon:mawmﬁw<‘ genetics, behaviour,
physioleogy, geographical distribution, palaecontology and
cytology to supplement and strengthen the more conventional
laboratory data on morphology and anatomy. Foremost among
these tools is the onwmnamu which permits complex multi-
variate analysis of large amount of awam. Sufficient sampling
and adequate coverage of the characteristics are important.
The data are gathered using both old and new techniques,
qsmmm include: 1.Morphometric measurements and Hmawom‘ 2.

_ zmunmﬁwn counts, 3. Anatomical o:mwmn&muwmﬁwam‘ 4, Colour
vmeﬂmn:m. 5. Karyotype, 6. mpmnﬁﬂovrowmm»m and 7., Test for
‘reproductive isolation.

Morphometric and Meristic Characters

+* Mor homet ic Measurements:

.. Measuring the linear dimensions of the whole or part
of a fish 'is probably the most widely used technique in
w»m:mnwom 7w0poa< studies. Morphometric ammmcnmso:ﬂm are-
any standard measurements that can be taken' on a fish such
as Standard Length, Snout rmvaﬁr. iength of Hmnomma fin
ray of the aonmmw ma:. depth of the caudal peduncle and
so on., Since w:mmm measurements change as the fish grows,
these are cmamww<amxnﬁmmmaa as ratios to Standard Length.
Such ratios are only useful if comparisons are made between
mmavwmm of fish of approximately the same size and sex, since
the growth of a fish is not always proportional in all
directions and sexual dimorphisam is also noticed among
fishes. Thus morphometric measuréments while vital for

LR



describing fish spetiés may be of limited\usefulnéssl

Three overall length measurements ih commoén use

“are 1. Standard length, 2. Fork léngth and 3, Total

length. The latter two measurements are more commonly

used in fishery biology. Overall length measurements are
made between perpendiculars along the median longitudinal
axis from snout (U, the position of the maxlllary symphysis)
or from the tip of the lower jaw (L, the mandibular
symphysis), vide Fig. 3.2.1. Measurements from L are

taken with the mouth closed. If the lower jaw is projecting,
measurements from the symplysis may necessitate proviéion'
of a special stepped nosce piece cn the measufing_board;"
Generally measurements are made on the left side of the
fish, with the right side of the fish resting on the
measuring board, For definitions of positions, reference
may be made to the next section.

1. Standard Length: Taken from U to the tip of the hypural

bone (urostyle)}. This varies from species to species,

2, Fork Length: Measured from U or L to the cartilaglnous
“tip of shortest. or median caudal’ ray.

3. Total Length: Measured from U or L to the longest
caudal fin ray, upper -or lower, or an average of them
both, ' N |

Longitudinal measurements other than overall length
are also made between perpendiculars using measuring board
with, for example a sliding cursor., When these are made
radially from point U, calipers are recommended. Point-
to-point measurements are sometimes made on big fishes
such as tunas by tapes. These would be indicated by the
word ‘'Surface' as these are not generally recommended.

All measurements from LX to LM and also their 'upper’

.equivalents are grouped under the general name ttotal.

length' LT. IM has been called 'bilcbular length' and
total fauxiliary length'. The word 'Extreme' is used in LX,

- . "
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LX' instead of 'maximum length to avoid confusion with £ »asymp-
totic length. LF an. LF' are also called 'median' length or .

'‘midcaudal' length. The tern 'depth' is used instead of
'height'. Again the term 'width' is not recommended as an
alternative to 'breadth' but 'thickness' would be an ideal

term,

Pectoral and ventral fins are to be measured in the

folded positidn cpposed to the hody side (to keep the rays
‘straight) from foremost visible peoint of insertion %o the
distal tip of the membrancus edge. o

Definitions of position

U
L
QO

Sl

SII
Slil

Maxillary symphysis.
Mandibular symphysis:'
Anterior edge of orkit.
Posterior edye of orbit.

‘Posterior edge of mandible (buccal commissure).

Gill-cover notch,

Posterior bony edge of operculam.

Posterior membranous edge of ¢ill cover.

Anterior point of insertion of the first pectoral
fin ray.

Insertion of anterior dorsal (intersection of anterior

margin of first dorsal spine, fin held erect with
the contour of the back).

Position of last ray of anterior dorsal.

Insertion of first ray of postericr dorsal.

Position of last ray of pcsterior dorsal.

Anterior edge of cloaca,

Insertion of first anal fin ray.

Position of last anal fin ray.

Insertion of dorsal lobe of caudal fin,

Posterior tip of urostyle (forward protuberance of

“hypural blade).

Posterior edge of fleshy peduncle or of picgmented
zZone, -

Peint of upper caudal keel.

Posterior limit of silvering (either last scale of
the lateral line or the posterior zone limit of



. N e o
the scale covered by the peduncle)
Cartllaglnous tip of shortest (median) caudal rey.
Membranous edge of caudal fin at fork.
Distal tip of-the lcngest caudal fin ray with
lghe normally extended,
Distal tip of the longest ventral fin ray with
lobe hormally extended.
P01nt ‘where llne NN' intersects medlan longlturinal
aX1S. '

‘Mid point of line NNY,
'ulstal tip of longest dorsal caudalifin ray, with

the lobe brought te the median leongitudinal axis,
Distal tip'of the longest ventral caudal fin ray,
with the lohe brought to the medlan longitudinal
axis.,

Qverall length measurements:

LT and UT total length (any extreme or normail length).

LX
LX?
LY*'?

LN
LN?
LNt

!‘_Ml
LF
LF "
LS

LSt

LSll

Dorsal extreme length.

Ventral extreme length. _

Greater extreme length (LX or LX', whichever
is greater,

Dersal normal length.

Ventral normal length.

Greater normal length (LN or LN', whichever
is greater.

Median normal length.

Mean normal length.

Midcaudal length.

Fork length.

Standard length tc urostyle {or tc some external
feature corresponding with it).

Standard length to peduncle {or to the pigment

under scales),
Standard length to keel.,
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LS Standard length to silvering,

LB {Dorsal) Body length.

Other longitudinal measurements

UuJ. Maxillary sheath length,

LIt Mandibular length.

Uuo Snout length.

V)¢ Upper head length.

LG Opercular head length,

Lg Greatest head length,

oo Orbital diameter,

Id = Longitudinal iris diameter (cf, Ih and Ig).
Ed Longitudinal pupil diameter (c¢f, Eh and Eg).
o'y Postorbital distance. | |
UD1 Preanterior dorsal distance. -

up Prepectoral distance.

uv Preventral distance.

uD2 Preposterior dorsal distance,
B1D1? Anterior dorsal fin base length.
D2D2' Posterior dorsal fin base length.
UA Preanal distance,

AA? Anal fin base length.

Vertical measurements (Perpendicular unless otherwise
stated) E | .

Oh Orbital depth (from orbital crest to lower edge

of maxillary, passing over middle of pupil).
Ih Perpendicular iris diameter.
Eh Perpendicular pupil diameter.
YJ! . Head length.
D1Pp Back depth (oblique).,
DV Anterior dorsal depth (or dorscventral depth).
h Greatest depth. _
ez Posterior dorsal depth.
2A Dorsoanal depth (slightly oblique).
h? Perpendicular anal depth,

q {Least) peduncle depth.
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Lateral measurements .. :

PE, - Pectoral breadth, - .
:“ﬁa?ﬂ;;rf'  Greatest breadth‘.,- T o
'vﬁéﬁm, " Interurbltal ﬁastgnce (at lcval Sf pupil centre)
:”Téther measurements --VHFJ: ’ |
' _D1h | Anterlur‘“orszl helght dlstance from 1nsert10n

to tip of. longest spine).
D2h Postericr drrsal height (distance frem 1nsertinn ’
to tip of longest spine).

‘Ph  Pectoral £in length.

Vh . Ventral fln length.

A .+ Anal fin height.

Ch a;f:‘lf Dorsal cauctal fin length.
Ch' Ventral caudal fin length.
Cﬁ":;' _Greater.qaudél'fin length. -
Ig  Greatest iris Qiameter.
Eg ~ Greatest pupil'diameter._-

g Greatest girth.

W ' Length of interventral flap.

NN' - Spread caudal distance.

.Skgletalldigensions'

Ax - Axial iength (anterior.face'of.verteb;a'1 to
tip of urostyle). ' i
sk - Skull 1ength (naxlllary symphysis to posterior-

occipital boundary).

An Anatomical length ( = Ax + Sk)

Meristic cuunts

’1 These counts are generally censidered to he the
most teliable takonomic’ characteristlcs hecause most are
easy to make and reliable, 1t 1ncludes anything on a fish
that can be counted, such as 'the numher of vertehrae, fin

rays,-sglnes, scale rows, pquxic caecae, lateral line
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mompmm,_mmumm* finlets and gillrakers. 3ince there is
often considerable variation in these o:mHmO&mHMm&wnm_iﬁﬂrﬂs.
species, it is important to make the counts on adequate
number of indivicduals so that their mean, range and standard
error can be determined, if the fishes involved are to Um
compared with other voﬁcwmwwo:m. L. . . .

"Numbezx m:w disposition om the vertebrae

The backbcne of a fish is a piece of machinery
performing a variety of functions. At the anterior end
it is designed to make connection with the head and the
trunk. A%t the posterior end it is modified to act as the
basal support and frame work for the caudal fin. Hﬁ gives
support to the median fins, vﬂoawamm.m&amo:amuﬁ moa_a:m
muscles, houses the central nervous system and the haemal
artery, gives suspension and protection of the viscera and
so on. It is a vital part in the turning and propulsion
mechanism. Hence the form of the vertebral elements changes
in its length to suit various functions. Every structural
feature of a vertebral segment, even to the smallest |
zygapophyses forms one unit of a descrete gradation series
and the natural compounding of these series gives a pattern
which is distinctive to species. mcwﬁ:mwaoum, ‘after compar-
ing species with species, it is impossible to escape the
impression that phylogenetic relationship is pade manifest
by agreement both in the character of individual gradation
series and in thelr compounded pattern., The suggestion
is &ll gadoid backbone conform to m_amao»a_nmﬂama:. all
clupeoids to a opcvmowa_vm&ﬂmwn and so on.

General mm&&oas of division of a vertebral now:ﬁ:

The total :cBUmH of wvertebrae is quite variable in
m»msmm and within genera and mbon»mm. They may be divided
oo:<m5»o:&w< into vnmomcamw (abdominal) and caudal portions.
The first caudal vertebra is that which possesses an elonga-
ted haemal spine, Depending upon various other features,
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the vertebrae may be grouped, but their number varies

- from fishes to fishes. The total number, number of vertebrae

showing common features, their range and mean are important.

‘Some_general features are as follows (Fig.3.2.2):

1. The post ‘éranial vertebrae bear stout neural arches -
‘and spines. | | S -

2. The mesabdomrnals follow the post- cranials, bear rlhs,
but do not possess haemal arches,

3. The posterio-abdominals'have closed haemal arches and.

krear ribs,

4, The anterio-caudals greaﬁiy resemble the posterioé__
abdominals except that -they have lost the ribs and :
" have developed haemal spines.

5, In. the tail seement the vertebraé hHave their neural'and

. haemal splnes enterxng into the support of the caudal
fln. '

6. The hypural complex is almost symmetrical and fan llke,'

receiv1ng ‘the rays of the caudal fin, . The rays of the
caudal fin are supported by altered vertebral elements
:(penultlmate hypurals, epurals, urcstyle).

The number and characters in each of these dlvisions in the

'vertebral column may be compared to arrive at meanzngful

conclusions.‘

Anatomical characteristics
| These include features such as shape, completeness
and position cf the lateral line, posltlon and size of the

- internal -crgans, special anatomical features (such as - air

bladder, air breathing apparatus, electric orqans, otoliths,

'arrangement of the musculature etc.,), secnndary sexual

characters (breeding tubercles in males, enlarged fin rays,

' etc.,), shape size and interrelatlonshlp of bones and muscles,
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Most of these are "yes" or "ot characters, either a fish
has them or it does not have. These can be definitive
characteristics for separating species as well as higher
taxa. '

Colour Eatte;ns‘

Colour patterns are quite'variable with age, time
or environment. These are part of the species description
and are species-specific, The main problem in using colour
pattern as a taxonomic tool is that it tends to fade in
preservatives and descriptions of livinq fish tend to be
highly subjective.

Ka gxctxg

These_are-descriptions of thé number and morphology
.of chromosomes, ~ The number and position of chromosomes
are conservative characters and so may be used as an
indicator of the closeness of species interrelatiopship
within families, | a

Electrophoresis

‘This technique of evaluating the protein similarities
in fishes could be used as a taxonomic tool. -The protein
‘can be identified and genetic similarity .of indgviduals
and species can be compared, . | B

Taxcgcmic tocls 1n racial investigaticn

A ccmblnation of all or some of thesc taxonomic

methods have been used for racial investigations from
© time to time with interesting and at times with negative'

‘results, These studies are important in fishery biology
for evolving suitable management pelicies for judicious
exploitation of the resources, among which the identi-
 fication of the eggs and larvae to the species to which‘
" they belong is one 1mpcrtant aspect.
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DEVELOFMENT OF COCYTES TO MATURITY AND SPAWNING

By
P. Jayasankar
Scientist

SCentral Marine Fisheries Research Institutei'Cochinl_

Spawning in fishes is closely associated with the
development of intra-ovarian 209S. Measurements'of diametcrs
of intra-ovarian eqgs have beeén found to be an useful *ool
in studying the development of ococytes to maturity and
spawning. An attempt to study the maturity by the measure-

' ments of ova was first made bHy Clark (1934) on the California

sardine (Sardina caeruiea). Her pioneering work was followed .
by those of Hickling and Rutenberg (1936) and De Jong (1939).

The methcd proposed by the ahove workers is essent1a11y
as follows: Cvaries are fixed in 5% formaldehyde and a
small portion of ‘the ovary is teased out on a slide in the
same medium anc. measurements. of all the ova. in the field
of the microscope are made, until about 300 ova are measured.
In case the eggs appear as‘¥metr1cal due- to preservatson,

“the micrometer may be placed in horizental peosition and the

diamaters are measured parallel to the gradua?ions on the-
micrometer, Ovaries after fixing in Bouin’s solution,
may be-cut ih rotary microtome and the diameter of the
cocytes in the secticns could also he measured. Prabhu

“{1956) suggests thet measurements of at least 1000 egys

from each'ovary are neceésary to’hitigate the probable_
error in the representation of various groups of egqs

. in . different stages of- maturlty and’ rerresented by various

modes in the graphs, Normallv the first hatch of _immature
eggs are avolded in the measurements.' '

The intrﬂ—ovarlan eggs very not - only in thelr size

 but also in their inclu51ons in cvarlea which dare fully
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ripe or in the penultimate stage-of Tipenees, - “Theére are
seve:al batches of oocytes which take their erigln from
the germ cells of_the ovigerous lamellae and,-&s.the
spaWﬁing process continues every. season. these batches '
pass on fram one atage to the other._ An: examination o
“of. the ova:y 1n the penultimate stage bf devexnpment Shuws
chiefly t}ie fonowing _four typea of ova: FI% 8 3 g

(1) Immature ova°'_””‘ 2 f minute trans- IJ g]?
paxent ova postessing a nucleus and a protéplasmic
layer.l" o R '~ T --._ r?

- {2) Maturinq ova'i small, opaque ova 1n which olk fo:mntian
C has Just commenced but not completed.li _ Lo

(3) Mature ‘ova: Opaque ova; fully’ ‘yolked, but- stgn o
contained within the follicle.- S

(4) Ripe ovag Larga fully dr partially transpafént ova o
which have burst out from the follicles.

Gvarian maturity stages ana dete:mined based on- the
pradominance ot‘the above mentioned types of develqgment.

Hiatologisally. oocyte development could be. broadly 3
classified 1nto a-primary growth phase, a secondary growth . -
base and a final'maturation to be foltowad by ovulation
and spawning. ' -

(1) 2;1@ ry_qgrowth Egage; The 1mmature oocytes, known
- as the oogonia, are seen multiplicating bv mitoais
L in tha gtroma; of the ovige:ous folds, - The oogonia
};fare transformed to the primary. oobyteé by:arresting o
':;'he Ehromosomes at the prophase of the first meiotic
| deivisionz this- proceas {8 known as oogenesis. In
- - the ocogonia, the nucleo-cytoplasmic ratio is high,
“but as-the growth ‘progrésses, this ratio decreases. o
_['Highly spiralizad—lamp-brush chromosomes are usually
" _geen in the nucleus of the primary oocyte.‘ Nucleoll
fmultiply and arrange along’ the periphery of the
nucleus, called periunuckeolar stage, _The follicular .
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wall is thin and less vaoswzmsw in the noo%&mm ncuuno
primary growth vsmmmh.m_w 33 2)

Appearance of apmmmum:w a<nmm of .
yolk bodies in sequence is the n:mumoﬁmnumawo feature of
the secondary growth phase. Normally carbohydrate-rich
cortical alveoll make theirx appearance along the voupv:mu<
of the oocyte. O0il droplets mum.v&mmmza in most of the
marine fish ococytes.. The protein laden <owx appear in

the form of yolk oumacwmm and these along with the vana
yolk fill the entire ooplasm during the ma<mmoma stages

of secondary growth phase. Size of the cocyte increases

_oQSmWQmHmvw< and momwwncwmn wall hecomes vuosw:mvwﬁm:m 3 m mu

Final m&cumwno:.. vawamnww<. 50n<&o maturation involves

‘the resumption of meiosis. It is commonly regarded that

the chromosomal mmeu<wﬂ< proceeds to the metaphase of

the second meiotic division. Resumption of meiosis is
heralded by m.vmwptsmump auoumemos of the germinal vesicle
(nucleus) and by the dissolution of the germinal vesicle
Hmmua»:mu Vesicle Breakdown or GVBD).: m<mu is commonly
used as an w:apomnon of oocyte amacuwﬁ»on.. Hs some species,
oomhwmnmsom of yolk granules resulting in the 00o<am

becoming increasingly transparent, Concomitant with

maturation in many aopmomam. mmumoumpw< marine monam_
with ﬁmwmn»o egys, ooo<am enlargement is due %o bydration,

_:<aum¢»o: in some species may result in a woot;oox p:oummmm

in ococyté. <owcam.

The vﬂmmm:& ooﬁﬁoﬁ&w;ﬁ is that oon<ao am&cnmﬁwos
and ovulation are amvm:amua on uw&cmamnﬂ:@osmao&HOﬁpz.

~Concomitant with maturation or after maturation is complete,

ooo%nmm are o<cumwma Anto the o<muuma wcam:.

Various: mcazonm :m<o classified the" different amﬁcnuaﬂ
stages intc 4. tc 7 stages, calling them as "Stage I*,"Stage
I1I*, ete., end taking into account the dominant size of the
ova as well as the gross vcolume of the ovary in _relation

. . . s mm\:&h
to the bedy cavity (Clark, 19343 Hickling and ermﬁ@.
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19363 Prabhu 1956, Nair, 1959; James and Badrudeen, 1981)

Based on ova diameter measurements, four different
types of spawning periodicities have been recognized in
teleostean fishes: ' '

Iype A: Spawning taking plaée only once a yeér during

a definite, short period. In this case, the eggs which are
destined to be Spawhed are withdrawn from the immature -
stock in a single group, sharply di#tinguishable at

least in the later stages of matu:ation from the stock of
small eggs from which it was dérived (Fig. 3.3.%). The
oocyte development in this case is said to be synchronous,
as in Therapon j_gbua, Macreones vittatus and. Chirocentrus
dorab, »

Jype B: Spawning taking place oniy'énce a year, but with

a longer duration. In species exhibiting this type of
spawning, the range in size of the mature ova, irreSpective
of the number of modes representing them, have been found -
te be nearly half of the total range in size of the entire
intra-ovarian eggs in the whole ovary {Fig. 3.3.4), as

in Pelates guadrilieatus and Cypsilurus oligolepis,

Type C:-Spawning twice in an year. In the ovaries of -
fishes-exibiting'this'typé'of spawning,: in addition to
the batch of eggs in ripe cohditioh,_another batch.bf
eggs in which yolk formation has already commenced could
‘be seen (Fig. 3.3.8), as in Psammoperca waigensis,
Therapon puta and Selarcides legtolepis.

In the B and C types of spawning, the cocyte devclop—"“
_ ment is described as group synchronous. -

Type Dt Spawning throughout the year, but intermittently.
Withdrawal of eqgs from the immature stock is @ continuous
process; and there will e no sharp separation between

the general egg stock and the maturing eggs (Fig.3.3.4). -
The pattern of cocyte development in this case is said to



B

(3

BB

o.r.

-

s

et

n LI
AR

g Bk, \. . ...,.:...

R

gg.; WK T ..ra..f? sﬁ u..,;h,if:.f.isf L e
I be .mm<:nsﬂo:ocm., ‘as observed in maowmmsoucm H:a»ncm.
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It may Um am:auonoa smuo that & unmwumodma mvmxsnzo
mommos cannot mwswem be macmﬁmn with acnawﬂwm spawns for

bt

each female, vnoﬂamoema mvms:wno season may simply reflect
Hmox of vovcpmawos m<5nsnoa< in terms of gonadal development,
The term scwwmupm vvmssmu wm generally applied to a species’
in which a female spawns more than once in a mﬁmiﬁw:o season,
The term fractional mvmssmu has ammnmmmma do Hmmmn to a
mvmo»mm which spawns a nmu& of the ovulated nwcanz or. Espn:
mature o<:wmﬁm. and spawn a part of a post-vitellogenic

~clutch at wswoucmwm over a Hmwma»<mw< msoﬂﬂ nmupon

Clark (1934) uo»:am out that if o:~< one batch of eggs
: Hm mtmi:mn. ‘the ratio Um¢£mm: the number of eggs in a:m
| maturing group and the number of eggs in the mature group
should remain constant and on the other hand, ‘if more than
one batch is spawned, the ratio gradually decreases, Based
" o.on &r&ﬁ.bwpﬁo»uwm m:m;buocmm ﬁ:m» indjividual California
m_,: A0 wﬁﬁ.ﬁ;pﬂ& e, a@vgiﬂﬁinmmﬁnw:a s e
mul nuwm mumss»:u. she provides four lines of . w<wnm=om.
viz,, multiplicity of modes in the ova diameter .frequency
curves, a high degree of noﬂuopmﬁuo: um&imm: the growth of
mcoommmwcm groups of moom. occasional vummm:om in «vm¢e§wm<
of a few ripe, unspawned maom and decrease in the ratio of
the :caaon of eggs in the amacnnso and smwcum ‘groups as wrm
csmmawso .season macmuomm. : R
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i _ Esm: the egg Umooamm vam. a mSmwp oﬂm:nzo x:oi:
“ as the micropyle appears on- Mﬁ ﬁsﬂocos which ‘the sperm
i .. enters at the time of mmﬂ&»wummawos. Hm is mmmcama that
soon after mmadwwnmmawou. water mﬁamnm w:noc@: w:m pores
“ of the egg membrane, Hpmdwao it muos the <owx to form the
m umnw<wamppw:m mvmnm.u It 1s- not known whether cmmoum .

mmuﬁww»mmﬁwo: the. aunuon<ymn canal is closed by m_mcamdmsom
.Hmncunwzn an mﬁNfﬂm muos a:m muwﬂa to cummw »ﬁ.aoz:.
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When the egg is laid free in the water, the outer
covering (chorion) at once becomes hardened., The hardened
chorion becomes thinmer as development advances and the
egg increases In size, This process called 'water hardening'
is advantageous in that it offers protection to the eggs .
from predators. It is assumed that a part of the substance
of the e¢gg membrenes is withdrawn and absorbed by the enbryo
and this seems to occur to a greater extent in the demersal
‘eggs, where the embryo is more advanced on hatching, than
in the pelagic eggs.
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- DEVELOPMENT OF EGGS AND LARVAE OF MARINE FISHES

By

P. Bensam |
Principal Scientist

H:&wga:nwwos

For an individual fish, the beginning of development
is fertilisation of the egg by spermatozoum. Most marine
teleosts have umpmo»o eggs. which drift with the vumawwo:
in all water pm%mum between the surface and ‘the, bottom,
However, mwmsmm like the British herring _OHcmmm mumzmcm~
and blennies and aovwmm have Qmamﬂmmw eggs, which attach
to substrata wam stones, shells and weeds. Usually,
pelagic eggs are ﬁﬂmnmnmum:w and spherical, with the
exception of the eggs of certain mnoamcppam _meopmmsmﬂcmu
which are oblong. When the embryo is wcpp< developed,’
it hatches -out as larva and undergoes further amcmponémsn.

mmuaww»mmﬁ» 4nd Embryonic development (Fig, 4,0)1

armum 4is. an outer egg membrane called o:Ouuo:.. It
is mp»osdw< thickened at one mvoa to form what is omppmm
ﬁ:m micropyle. z»ouov<wm has a mamwp o:amu_wc::mwtw:mnma
depression, leading ao_m_nm:mn.undaamo&w:n with an inner
conical elevation. The external surface of dvm chorion
is usvally smooth, but in the eggs of certain fishes like
Callionymus there is an mxemu:mw raised hexagonal sculp-
turing and in the eggs of -fishes like Belope there are
fine em:aﬂwpm. Within the chorion is the spherical yolk
mass mixed cv with ‘protoplasm and mcﬂuo::aoa by a thin
delicate Hm<mu of protoplasm, The latter contains within

it the :anmCm in a lens-shaped ﬂsuowmsw:a at the vom»dwo:

of &30 m:a:nm blastoderm, q:m_mvmua_mnamﬂm_&:mtmoo ﬂsuocaz_
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the mzcropyle ang at fertlllsatlon it is thcught that -

sea water enters through the pores of the chorlon, liftzng R

it from the yolk and forming the periv1te111ne space,lk L
which is usually narrcow but in sardlnes it becomes very
large.

Segmentation appears at first vertically to form

the blastodise. - The upperx cells are fully ‘madé of -
 protoplasm while the lowest cells are continuous with

the thin protoplasmic acellular layer of the yclk.

Nuclei migrate intec this acellular layer .and increase ,
" in number to form a periblastic tissue wlthout dlstinqu1sh—_
able cell walls, called "syncytium" ~ The blastoderm
gradually forms a noating over the yelk, process called

Epiboly, leaving an area of yolk not cevered by 1t, called _
"blastopore”, Whlch becomes smaller and smaller untll the. o
whole yolk area is covered - ~Accompanied by the above
coverage, the blastodermel layer becomes’ a cyllndrical | _
rod like structure pre551ng into the surface of the yolk. L"'
The outllne of the eyes and auditory sacs soon . appear, o
together Wlth foermation of the muscle segments called
myomeres, About 2 or 3 deys after the closure of the
blastopore, when the embryo is- about helf-way round. the
yolk, pigmentation usually appears as fine dots- and the
heart becomes functional,

: The primordial 1arva1 f1n membrane arises as 3 fll"i
median fold enclosing a space filled with a jelly-like '
lymph. With further development, ‘the caudal end of the
. embryo becomes raised up from the yolk, "By the time
these events happen externelly, apart from the notochord
(which is. formed by movenent of | cells over the dOrsal
lip of the blastopere), five organ—formlng ‘tubes of
tissue appear internally. These are the body covering
epidermal tissue, neural tissuegiving rise to the ‘nervous
system, endodermal marking the alimentary system and two
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lateral mesodermal tubes of tissue_markihg the muscular
tissue and body cavity. The mesodermal tubes of the

~trunk region segregate into dorsal, intermediate and.

lateral divisicns, of which the dorsal division becomes
divided vertically into block-like somites. Each somite
becomes further subdivided into three regions (Fig.4.2,

7 a and b) called (a) dermatome which is the outer part

of the somiteé¢ and which is responeible for the development
of the skin and its derivatives (b) sclerotomes which is.
the ventral part of the inner somite giving rise to the
axial skeleton and {c¢) myotomes or myomeres'which are the
dorsal parts cf the inner-somite resdltihg_in the formation
of trunkfmdsculatUre.' In fishes and other lower¥vertebrates
the myomere is the largest part of the somite, the sclerctome
being inconspicuous, Their number correspond to the total

number of vertebrae in the adults.

By the time the embryo has two eyes, auditory vesicles

. heart myomeres and larval finfold more or less covers the

yolk and shows movements of the body, it is ready for_hatchn

"ing. In certain species with prolonged embryonic period,

the eyes get pigmented.before hatching and in certain other
cases pigments also develope before the event. '

Incubation and factors influencing pace of development

Although the period of incubation, i.e.,the time
taken from the time of fertilisation to the time of hatching
is under'genetic control,;withih each species, thexe are
certain external factors which influence the pace of develop=-
ment and alter the period of incubetion. Size of the egy
and - the'qUantity of yolk present therein are some initial
factors. Temperature is the princxpal direct and indirect
factor influencing these aspects. In temperate countrzes,
the 1ncubation period is longer durlng winter than in summer

'Blaxter (1969), Winkler (1986) deals with the relationship

between temperature and incubatlon, the higher the temperature
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within lethal limits the quicker the rate of development,
Blaxter (1969) has shown that the Atlantic herring took
about 25 days to hatch at a temperature of -6°C but only
about 9 days at a temperature of about 14°C, Temperature
is also found to reduce the size and weight at hatching,
increase the efficiency of yolk absorpticn as well as to
play an indirect rcle through oxygen capacity of water,
phytoplankton production, etc., Similarly, salinity may
accelerate or retard the time of hatching; while lack of
oxygen has a retarding effect on the pace of development.

‘Hatching:

Hatching is controlled specifically as well as
environmentally, the latter factors being temperature
and oxygen. A softening of the chorion resulting from
an enzyme secreted usually from ectodermal glands cn the
anterior surface of the body takes place, assisted by
the activity of the embryce inside result in breaking of
the chorion and hatching. It is believed that a part'
of the nutrient material in the chorion may be utilised
by the embryoc through the perivitelline fluid, thus
resulting in its softening, vide, Blaxter (1969).

Larva (Fig. 4.2, 1-3)}:

The embryo which comes cut of the chorion is
called the larva (the newly hatched larva). It is
usually transparent with pigments in some cases, the
function of which are not understood, Notochord and
myomeres are prominent with little development of
cartilage or bone. Only the embrycnic vertical finfold
is present, mouth and jaws not yet developed and the
gut is usually a2 straight tube. Blood is c¢olourless
and the circulatory as well as respiratery systems arxe
pooxrly developed, Yolk is enormous, and it presumably
has a hydrostatic.function. Eye pigmentation is usually
'absent in the newly hatched larva, but develops only at
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the end of the larval phasc. The kldney is usually

pronephric; and very little is known “on the presence o
of genads and othex organs of the_body cavity.

Most species hatch wf&a{?-éhapedfmybmerés
acting against the notochord as a skeleton. Additional
numbers may be édded-pbéteriox_pQIY-and the final number
is attained during the larval period, The myomeres

become more complex as development proqresses.

Postlarva (Flg. 4, 2 4-6)

| Ao“the yolk is resorbed, the mouth is formed,
the eyes are pigmented, branchial arches are developed,
the pectoral fins appear and the larva becomes fitted
for a change to sources of external food from the yolk

available till then. These mark the beglnn;ng.of_xhe
- postlarval phase of development. Branchial respiration

replaces cUtaneous one and the'gill“arches and:filaments
appear. The air bladder may .or may ngt be present. One

of -the systems to. develop early is the one for locomotion.
The pectoral fins are the first to make their appearance

as flap or fan like structures. These remain as such

~ until a very late stage in postlatval development and

get ossified much later than all the other fins, The

‘caudal f1n is the next to develop through 1nva51on of
- the. caudal end of the larval finfold by qkeletogenous

tissue which produces fin rays, “thus transforming the
caudal part cf the 1arva1 finfold 1nto the adult cavdal
fin. A similar development_takes place for the dorsal
fin and the anal fin which develop almost-simultaneously
appearing first as thickness of the finfold and trans-
forming parts of the larval finfold.: The thickeﬁings-are'
the interspace areas which will further split into many
such areas.. Between each pair of such areas a true fin
ray develops. Parts of the larval finfold anterioxr

~to'the'dorsal and anal fins and in between each other
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disappear gradually in the.courseé of development, In

L.

- fishes with an ‘anteriocr and posterior part of the dorsal
fin, usually the latter is. the one to make its appearance,
followed by the former. The pelv1c or ventral fin is the
last one to make its appearance, Usually the fin rays
are the first to appear, followed by spines and their
cssification, ' '

Metamorrhosis and Juveniles

Metamorphnsis or a changé of hody form from the
larval or postlarval condition to the juvenile stage
" when the fish resembles the adult in all characters
excepting sexual maturity, is rather slow in most of
the marine teleosts. This is recently drawn attention
‘to by-Russell (1976) who points out that unlike the
larval phase of developmenf,'the postlarval phase is
very much lopger, without any sharply demarcated termi-
nation, Different adult characters such as the numbers
of fin rays and of vertebrae are often already developed,
béfore the developing fish has lost certain postlarval
charactérs such as pigmentaticn pattern. Although in
the flatfishes there is a. rotation of the optic region
and a change in the pormel orientation of the body so
that both the eyes come to lie on one side accompanying
metamorphosis, many postlarval characters are retained
eveén affer the above event. Thus, Russell (1976) poi*ts
out that in most marine teleosts, it is impossible to
-determine a decisive point when a postlarva becomes a
juvenile. Thus the term "pestlarva® may be more appro=
priately defined as the period after the terminatlon
of the larval stage, duriﬁg which there is a sequence
of deveiorment leading to thu juvenile stage,
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History og_;dentifiCation'of-fish_eggs and larvaes
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Towards the end of the’ich'pentury Marine Biologists,
Holt and Scott (1898) M'Intosh and Masterman (1897),
" Cunningham (1897) and E ‘hrenbaum (1905-1909) succeeded
in describing the eggs and larvae of a large number of
-marine teleostean fishes in European waters. The Danish
sc1entists, Schmidt (1904-1918) and Petersen (1892-1919)
! described several postlarval stagés of demersal fishes.
{  These effortS'were supplemented by Clark (192“), Ford
© (1920-193t) and Lebour (1919-1927) at Plymouth.: The
- prolific¢ contributions of Japanese workers as well as:
~those from UBSR and Germany have not been freely accessible
“to Indian workers either due to 1anguage problems or for
other reasons. However the contributions of Mito: (1960)
i+ Ueyanagi ’1959-63), Matsumoto (1958, 1959) Nakamura (1951,
1956) etc. are now well knawr to specialists working!in 3-
the field. leewise, the works of the Russian author,
~ Gorbunova (1963-1967) are also. fairly well documented-
in English language.

ki

The results of . earlier workers showed that all'
marine food fishes except the herrlng ‘and the ¢apelin

have. pelaaic egds. " The sand -eels gAmmodxtes! too are"
found to ‘have demersal egys.y

Bt et oot e h ek

-

_é Eggs and larval studies of mar ne fishes in Indian wate;g:.-

| Studies ‘on the natural history of .marine flshes
in India were pioneered by the erstwhile Madras Presidency




_ - _
‘Fisheries Department (Hornell, 1910, 1922, Nayudu, 1922,
Hornell and. Nayudu, 1924), Several contributions to the
knowledge of eggs and larvae of different commercial
fishes were also made by the above Department in later
years. (John, 1939, Devanesan and John, 1940, 1941,
Devanesan and Varadaragan 1942, Devanesan, 1943, Devanesan
and Chacko,: 1944, Chidambaram, 1943, Chidambaram and
Venkataraman, 1946, Jacob, 1949, Chacko, 1950, 1954,
Chacko and Mathew, 1955, Chacko and Gnanamekhalai f963).

- Maritime Universitles like -Madras, Bombay and
Travancore (erstwhile) also contrlbuted to the. studies
-on fish eggs and. larval taxonomy (Alyar 1935, Jones, 193?,
_'Panikkar -and Alyar 1939, Panlkkar and Nair, 1945, Nair,‘
1952, John., 1951, Vljayaraghavan, 1957 1959, Kuthalingam,
1957, 1958, 1959, 1960, 1961, Bal and Pradhan, 1945, 1946,
1947, 1951, Menon, 1945 and Gopinath, 1942, 1946, 1950).

" Recent studies at the Department of ‘Marine Science,
”~University of Kerala, Cochih have 'resulted in @ number of
" contributions on the fish eggs and larvae of the southwest
coast of India (Balakrishnan, 1959,-1961, 1963, 1969, 1971,
Balakrishnan and Devi, 1974, Dileep, 1977, Premalatha,
1977, Sreekumari, ‘1977), Likewise, Andhra and Annamalai
Universities also took up similar-studies on the cast
coast (Ganapathi and Raju, 1961, 1963, Ganapathi and. Rao,
.1962,'Dutt'1966, Rao, 1963, Raju and Ganapathi, 1949,
Balasubramanyan, 1973, Balasubramanyan gt‘g;; 1969,
Venkataramanujam and Ramamurthi 1974,_1§77).“__

With the establisnment-of_the Central Marine
Fisheries and the Central Inland Fisﬁeries Research
Institute in 1947, studies on eqgs’ and larvae were taken
up as a regular prugrammes resulting in a number of i
publications (Jones and Menon 1950, 1951, 1952, 1953,
Pantalu and Jones, 1951, Jones and Pantalu, 1958, Jones,
1958-1967, Jones and Kumaran, 1963, 1964, Sarojini and
Malhotxa, 1952,'Karamchandani and Motwani, 1952,Balakrishan,



b "t '

. . 3 .
1957, Kuthalingam, 1960, Bapat and Rrasad, 1952, Bapat,

- 1955, Nair, 1948, 1952, 1959, 1961, Nair and Mohamed 1961,
‘Rao, 1964,;Subrahmanyam-1964,’1968; Chandra, 1964;I5ames,

1967, Kotwal, 1967, Balakrishnan.and Rao, 1971, Bensam, .
1968, 1969, 1971, 1973, Gupta, 1972, Achari and Vincent, -
1972, Vijayaraghavan, 1973, Girijavallabhan and Gnanamuthu,
1974, -8ilas and George 1971, Silsds, 1974}, Eggs, larvaé
andrjuveniles;of-Severai'speC1es Tike’ Sardinelka-longicegs,
S. fimbriata, 5. gibbosa, Kowala coval, Rastrelliger
ganagurga, §ggmgg;9mg;gg Spp., Auxis sp., Katsuwonus elamis,
Ihunnus albacares, Euthvnnus affinis, Xiphias gladius,

Cazranx kalla, Gempylus _?rgens, Stoleghorus 5PPs, Mvrig;éstis
murdian. Holocentrous SPay Dactvloptena orientalis and the

~eels have been the subject of studies by the above authors.-

While these efforts have been localised and generally
taxonomy oriented they have resulted in a number of contri-

'butlons on the life-history and spawning of severaI commer— _
-cial species, ' ' )

Delsman (1922-'38) in his series of publzcations on

 the fish eggs and larvae ‘from the Java sea, contributed
" a wealth of information on the taxonomy of eggs and. larvae

of a number of spe01es relevant also, to. the Indian region.
A conce;ted effort to ;ollect marlne ichthyoplankton from
a wider,area, partlcularly off the west coast of India
using ocean going research vessels was made since late
fifties by. the Central Marine Fisheries Research Institute,
in collaboration with the erstwhile Indo-Norwegian Project
using the research vessels 'Kalava' and 'Varuna' (Jones _
1667). This has led to the collection of several eggs
and larval samples f;on the shelf waters of the SW coast

For foll.references-cited in page 2 & 3 alss refer "An
annotated bibliography on the breeding habits and develop-
ment of fishes of Indian- region" Bull. No 3 CMPRI (Jdnes

& Bensam, 1968). ' :



and the Laccadives archipelago, . These materials have been
used by and large for qualitative studies and also to
indicate the spawning grounds, malnly of tunas, (Jones,
1958-1967), Jones and Kumaran: (1963_ 1964 a) based on
Dana Expedition (1928-30) material from the Indian ocean
gave an accdﬁnt'of the distribution of tuna and billfish
larvae in the area. Available information on eggs, larvae
and juveniles of Indian scombroid fishes ‘have also been
compiled by these authors (Jones and Kumaran, 1964)

Ident;_;cation of - f;sh eqggs:

Identification of fish eggs or 1arvae will be
:'e351er if the parents of the spawn products are already
known._ However in most cases this is not the case and we
have to deal with planktonic material, In such a situation
the only way is to apply certain salient sets of characters
to a series. of different stages of growth and connect them
to juvenilé stage. Comparison and linking wherever possible
with past records of stages of the material will also '
help in arriving at the identities. M'Intosh and Masterman
(1897) Hock and Ehrenbaum (1911), Simpson (1956) gave
identifying clues for several fish eggs. Hiemstra (1962)
developed a correlation table for identifying pelagic eggs.

A review on the early life histories of Clupelformes
from Indian waters with prov1sional keys for identifying.
the eggs and early larvae has been made by Bensam (197%).
The important characters generally used in identifying
fish eggs are:

1, The shape of the egqg.

2. Size {diameter)

3. Nature of egg membrane - smooth, sculptured etc,
4, Extent of perzvitelllne space,

5, Presence or absence of oil globules,

6. Size of oil globule.

7. Homogenous or segmented yolk.

-
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Ih later stages of development of the embryo the

-fOllOWlng characters are useful

1. Presence or absence of pigmentation on yolk sac

. or oil glohule,

2, Pigmentation pattern of the embryo.
3. Degree of pigmentation of the eyes.

Iypes of fish eqqgs agd certain examEle

Oval or pear shaped eggs
Demereal egys
Ornamented/spiny/egg membrane -

Double egg membrane (outer |

~ gelatinous coat)

Filamented egg membrane

Eggs in cluster_

‘Spawn mass

Wide perivitelline space

Segmented yolk

'Stalked nature of yolk in.eﬁbryb

-h

. *e Ll -0

0

'Most fish eggs are spherical in shape.

toleghorusl Gobies,

_Blennies someuPomaentrids,

Ammcdxtes )
Herring_(Clgpea harenqus)

‘Jenkinsia, Capelin

(Mallotus villosus}
Lizard-fEERee fSeufida,
Saurust Chirocentrus,
Macruridae, Apogon
Pellona, Ilisha, .Hilsa,

""Sa;d{nella'albella, |
.. Eistularia, Exococtus,

Vinciguerria Jucetia

‘Atherinidae, Hemiramphus,

ngselurgs,

Iziacanthus

Lophius, cottidae
Sardlnella sppP.
Clupeids, carangids

' coarse segmented apodes

{eels), Vinciquerria
lucetia (irregularly

- segmented).

Ophichthid eels



No oil globule

Many oil globules

0il globule of con31derable
size

0il globule in yolk at
anterior part .

Pigmented embryo

Pigment on oil globule

Size of eggs:

1l

1Y

L4 ]

-l

Sardinella sirm, Stolephorus

__20111naer1 Op;sthopterus

tardgore, Chanos chanos,
Muraenid eels - Most

'Pleuronectld flat flshes

Setip;nna,:kowala,

. Anodontostoma, CYnoglossus.,

Pelliona, Chirocentrus,
Atherinidae, iganus,

-Triglidae

Trichirus {(0.65 mm)

Caranx, Mullidae

Gadidae, Barracuda, Mullets

Caranxg-Irichiurus (not_

 conspicuous).

Size of eggs are stated as diameter or as length

of the longest axis when nonspherical;
- eqggs are 0,5 mm above in diameter.

Range of diameter of egq

0.5 = 1.0 mm

Most marine fish

Some _examples

s Caranx

Cynoglossus

Kowala

Anodontostbma
Opisthopterus
Platxceghaius

Dorosoma

Mackerel
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The hatchzn_ method for identiﬁgcatian fo_is;gL;;L: £

1.0 - 1:5.mm -“jj5?'§if.n:' Saur R R
S Sardinglla long1ceES" .
Auxis .
I ‘Thrissocles =
t.0-1.5mm ~ Setipinma
o o Chanoé chanos -

'-Scomberogoru

1.5 - Qmm_ ""__5 L .f"chirocegtrus

S - 'Plstularia ' _ S
- ardigella leiogaster -

2‘mm' z'fﬁ_;;w:' D - Eel, Alosa TIICbi Ius. ..

The idéntlty of free planktonic eggs at group,

' family or’ generic level ‘may be- possible in somé’ eases
~ from published informatlon. Further;develepment of “the
- fertilised eggs. after hatchlng will throw more light

on the egg as well as the larvae te to the closer _
semblance of the material 10 the. actual adult.

These observations are possible by the hatchlng

‘and rearing metnod for the eggs inm the laboratory. Faor =

successful accomplishment of this process a cldsed
circulatlng water system is the primary‘need. It is

advisable to have some sort of - automatzc or semiautomatic

c¢irculating system where self filtering and waste

eliminating. and oxvgenating systems are also mcorporated.- ;

The physical, chemical and biological parameters:
of the c*rculatlnq water system are to be -monitored

regularly S0 that all :thege are kept w1thin the tolerance
limit of the organisms’ reared._ The temperature salinity,

pH and llve food population introduced if any,’ bacterial

-ﬁprotozoon or furgal ‘contamination etc. are to be moni-~

tored systematically 4n the rearing - system. b
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Apart from hatchiﬁg'egge\already fertilised in

nature and collected from the plankton, it may Be possible
in some cases to artificially fertilise ripe eggs in the
laboratory introducing milt from ripe male of the Spe01es.
If successful fertilisation takes place all such fertilised
eggs can be removed to the rearing system for further

development. ' |

It is well known that in the development of fish
eggs, the yolk serves as a reservoir of food from which
" the yolk sac larva takes its nutrition. Once development
goes beyond this stage and the larva develops the mouth
and mobility they are to be fed with appropriate food
items preferably unicellular planktonic organisms reared.
for the purpose or eollected from nature. "The supply
and in take of food of suitable quality and particle size
are critical for the survival and growth of the larvae.

" All debris and dead crganic matter are to be removed
from the system as soon as they are found by siphoning
them off carefully.

If successful progressive development happen it is:
required-to ccllect and fix the larvae at suitable
intervals of time 6,12,24,48,72. hours etc. and upte as’
many days till we are able to get juvenile stage or closs
to it, Detailed examination of these series of material
will enable linking the earliest stage to the latest and
the adult.

The series method: _

The series method'of'study'of'iehthyoplahkton for
. 1dentificat10n is applied partly in the hatching method
as well, However the method is more approprlately employed
- in case of material collected from plankton where their
origln 18 not at all clear, In this case, as it usually

happens a collection of ichthyoplankton from a station o
may contain’ eggs or 1arvae or both of a. species 1n various
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stages of development or such closely resembling material
‘may be avajilable from different nowwmnﬂwonm. The observer
has to sort ocﬁ and assign the material to a series in
mmncmnnmm of size msa am<mwovgmzﬂ mw:nm the progressive
developmental ﬁaonmmm is likely to leave a trace of the
immediately vnm<wocm stage and the latest stage may show
rlose semblance to’ ‘juvenile characteristics especially
in amﬂumaun msa vmuﬁpf aowvropoownmw features of the adult,
;ﬂ:m built up series will enable nosmwuamﬂwca of the identity
of ‘the material, In rany ommmm.mdca< of the mmuwmm of
larval stages may require staining for. nwmw»m<u:o omamot
logical features, fin nocs&m etc. - . .

Identification of wma<mm. B _.z. B
, " The wmu<mp mdmmm »sopcamm that stage vn»on to the
acquiring of uccmsupm ormnmo&mﬂm. the ﬁam:mp&wos m&mom
_sﬁma uc<muupm o:mmmoemwm are mnncpﬂoa. ‘The juvenile. stage
is defined as the stage in which all the fin elements are
- present, H: -some cases ﬁsmum is &:m mnmnpmpumma juvenile
stage svpns is found .only. in.a few: @Hocum cf fishes. .The

mamsamua Hmu<mw amnaw:opomwmm used are mm mowpaﬁm._

Embryo = = « cmcmHOﬁamzamp mﬁ ges to ﬂ:m aoaoua om :mdorwum
Larva ‘= Developmental stages well. differentiated
L "~ from the juvenile and psﬁmu<msusa between

_ﬁu the aoam:em of rmdnrpu@ and awm:qumamﬂpos.
R noaéo:p< chwama pzﬁe wuowmn<w and mwwl

wuowmn<mw_:; mawpp Ummhw:@ <oww.
wo@ﬁ_pma¢m ‘Larva following: the mamoun&»oa of yoIk
S mﬁvama enly when the’ mnncnﬂcam nosﬁwscm
S ‘to be :strikingly” unlike that of uc<m:upm.
Alevin . g rﬂn<m of ovmommm in Ezwo: post larval stages
m,__n are not HmOOQSHmma i.e, in which the <oww

Gmmﬂwsa larva ﬂﬂm:mmouam awumndp< »:ﬁo

R T L Y . T C e —
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sthge. Changes in body propo;t%ons such @s. in bodyg et
pel ﬁdéb&h, nEAE size, guf length, shage of yiscera; fin ,
Tpokitiéne” inéludlng diZe at engwf 391K §?c stage . -
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-

Verﬁ;\a’e, number ef fln Iays Ietc. . r‘dUu'\r fil\. -}-‘. 1 w,-qr, N
beierad Doncd ]

3., Pigment- patterns and ‘thetr’ chahges dur{ng'eariy staqu.ﬁ
Melangphores -are- somewhat ‘variable ‘on iarvae of‘th@“"’*“"
' same -size; may be gxpanded 61 contracted at the tlme
of preservation and chn be- destrcyed by exposure to
- 43ght jox - through: imprbper presétvatlo" ST E T

4, SpEC1ali ed 1arval characters such asrspgpes=on
opercuiér bﬁﬁeélar head, shape pf eyes: (subcircular,
stalked‘etc) élongated dorsal/ventral rays or: Spines, o

T?éxfénded snout gte.. " -
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 The .very shape.of the larvae 1tself broadly distln-__.
guishes the major.groups from each other fér' eg, the :f'
elongate ¢lupeids’from the broad and: 1atera11y compressed&"
scombroids, carangids and several perches. "AS exampleo-d'"*
it may be 1nstruct1ve to look at in detail the larvae of ¢
some of the importantfcqmmercial -fishes.and their idEnti—"
ficatlon.v,: F AT U TR SRR LA P ELI 2t SN ’
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-The owcvmuam m:a m:@umcwwam of dswm wm59p< no:mawﬂcem
a- Hmnam mum:mn< Tresource wu our ooc:ﬁu< as mwmmi:mwo H:_
the world, - - _wm -

Two a<n»omw amsmum mao:@.wsma mwm,dsm mmuawmmwwm
and m&OHmmroucm._

Both nwcvmwam m:a osaumcwpam :m<m mpo:omﬁm‘ rod -

_mzmvma larvae with long mcam. The gut pm:ca: of most -

clupeid, is greater than 80% of .their :owoozoua length
(NL), while that of engraulids it is less than 75%. NL,
Engraulid larvae have mwwosﬁp<,oﬂmmdmu body depth than
clupeids and they. are less laterally compressed than
clupeids. Median fin development begins at less than
6 mm NL in engraulids, but ddes not begin cswnp 7 mm
NL in &:m clupeids, .
Engraulid wmu<mmﬁ:m<m_vwosm:a_Q:umrm ventral midline
posterior to the anus, at sizes less than 6 mm NL, but
no clupeids develop pigment until acns_wmnamw_mwumw.
mnoumcpwam have fewer amwmvovUOHmm in the: foregut series.
at any @H<m: size,.‘than do npcvmwa larvae of the same
size, No other larvae are Huwmw< te be confused with
the above two groups mxnmvﬁ perhaps certain oosomnoama»am.
like Vingigyerriasp. However the subcircular eyes, ,
pigmentation pattern -and development of photophores -

in later larvae enable distinguishing a:ma;muo?_awm

clupeids and engraulids. The early. larvae of clupeids
@mﬁmnmww< show - w<v»omw crossed muscle mwaﬂmm on asm an<.

Ider tifyin owc eid gene m..

gmﬂ»mﬁwom are the BOma cmmwcp nsmanﬁmnm M:
distinguishing the mm:mum. mmvmo»mww< the myotomes s:»o:
closely tally-with the vertebral oocs«m of the adults,

»mmmevwmmSmom:owam _mmunwbmwwm Aaulbqu mwowmm:oacm
nwolmwv‘ Mackerel (31), Tunas- Awolhwu etc, - _
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Morphometrics are not very reliable to distinguish
genera, except during'the trensforming stages, when measure-
ment such as predorsal, prepelvic and preanal length may
be useful in some cases. e

Pigmentation asso01atod with the caudal area in-
'1arvae less than about 8 mm NL may d1st1ngu1sh some
genera if used along with myotome counts. Staining of
smaller specimeng before ossification is complete, may
make it e331er to count myotomes and the developing f1n
rays,

"The Famlly scombridae‘

The family includes tho mackercl tunas, frigate

~ mackerel, benitos, seer fishes bill fishes etc. About
two dozen species of the famlly are recorded from Indian
waters, '

' The salient features of the scombroid larvae is
their short truncated shape, large head -and présence of
strong cpercular spines (tunas) and pteroticlspines
(bill fishes; exception mackerel). R

Mackerel larva.

' The sallent diagnostlc characters of mackerel larvae
can be summarised as follows.

-

- 'Characterlstlcs short bodied larva W1th abcut 31

myotomes , _
- Anus placed well forward
-  Larval fln-fold beglns at the occ1put :
-~ . Lack pre~opercular spines (unlike the larvae of tunas)

- A post vent row of melanophores alorg the ventral
. margin of the body, reaching upto the urostyle.

Juna larvae: _ : T

Matsumoto (1958) has illustrated a typical tuna
larva and has given its general features. Tuna larvae
are characterised by a large head, with opercular spines,
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a triangular visceral mass located well forward in the
body, the pre-anal distance being less than half of total

body lehgth in specimens upto -about 9 mm; myotome number

between 38-42, pigmentation'(me1ahophorés/chromatophores)

_J:ather sparse, most of it concentrated over abdominal sac,
~over the brain and in the caudal region, larvae about

10 mm (S.L) lose most of the pigment characters,

- The main characters reliéd upon for the identi-

_fication of tuna larvae are some fairly consistent black

pigmentation such as those over the forebrain, tip of

) ‘jaws and posterior half of the trunk. Meristic characters

such as numbers_of the myotomes, vertical fin rays and
morphometrics of the head and eye and sizes at which
structures differentiate are also found useful,

A key for identiflcation of g val tunas based on Chroma-_ _
| Ophores distribution is q;ven below- R '

I. Chromatophores present on trunk
1. Chromatophores present over fore<brain |
1.1 A distinct chromatophore mid-ventrally in the -

caudal region =~ no chromatephore at the symphysis
of the pectoral girdle - Katsuwonus pelamis
1.2 A series of chromatophores along ventral margin
~on the trunk, from_base of anal fin to caudal
'region =~ chromatophore at symphy51s of ‘the -
’ petoral girdle, -Series of chromatophores along *
mandible - Euthynnus affinis -
2, No chromatophores over fore=brain -
2.1 - Three short series of chromatophores on the
- mid-dorsai, mid-lateral and mid-veniralilines
of .the caudal region - chromatophore at the
 symphysis of the pectoral girdle - Auxis sp.

> Adapted from Yabe, Yabuta, Ueyanagi, 19633 Matsumota,-
1958, 1962 - referable to adults recorded from Indian
waters.

- ‘e
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2.2 1-3 chromatophores along the dorsal margin on
the trunk, initial one being anteriocr to origin
of second dorsal, 1=5 chromatophores along
ventral margin of the trunk - Thunnus tonggol.

2.3- No'chromatophdre along'the dorsal marqgin on the
trunk. 1-5 chromatophores along ventral margin -
of the trunk = Thunnus obesus:

II. - No Chrnmatophores on trunk _ _
1, No Qhromatophores over fofebraiq.presence of
 chromatophores at tip of lower jaw - Thunnus
albacares ' |

Bill fish larvae:

Indian bill fishes include the sword fish (Xiphias
gladius), the sail fish (Istiophorus gladius) the marlins
(Ietraplucus auydax and Makajra Spp.)_ahq the spar fish
(Tetraptarus angustirdstris). Young stages with prolonged
beaks are found in the bill fishes and wahoo. In the
wahoo larva there is neither a spiny supraorbital ridge
as in sword fish nor the long pterotic and preopercular
spines as in the sailfish, |

Family carangidae:

The major genera inveolved in ‘the commerciai fishery
. in India are the Horse mackerel (Megalaspis spp.), scads
" (Decapterus spp.), and a variety of small and large species,

Ambng_the carangid 1arvaé-two different types afe
distinguished on the basis of morphology. The elongate
and the deep bodied.

Among the meristic characters the vertebral formula
{(consequently the myotomoes in the larvae) is quite stable
{10 + 14) in numbers except in few speéies_liké Nucrates
" ductor or Seriola sp.

| Armature of the head is another impoertant character
‘distinguishing the larvae of some of the genera from -
each other - ' '
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Shape and number of mnwsmm, the biggest one being A
of particular interest when mmnﬂmﬁma or Qm:ﬁ»ocpmﬁma
(Elegatis); mcvouanwmp crest - whether single and m:owd

(Decapterus, nmum:x~ double and po:n {(Nucrates), Ho:@

and serrated Heumos<90&cmv. The sagital crest -~ its

presence or absence; . shape low or high and the position

_om its denticulations appear to be quite useful for

awmwpsocwmruno some genera and species.

Other larvae looking like Omwm:m»m wmucmm mﬂo
Leiognathidae, rmo«mﬂpcm. q:mumvos»amm. >vooosnamm. and
Ambassidae, All have 24 3<o&o§mm.ﬂﬁmwo@:maswam have co&:

- Qceipital crest and ovmuocwmﬂ spines as in omﬂm:@»gm..

But in Leiognathids the supraoccipital end vnoovmnncpmw )
spines are serrated with a curved spine on mQﬁHmonnunwﬂqu
More over anal spines are long.and strong and not separate.-

“from 'the rest of: nsm fin as in. carangids. -Dorsal -spines
~are more than <HHH m:a the soft. rays are less n:m: 18,

anal spines are 11T and rays 14-15 at a:m amx»aca., In
the” case of Lactarius, the proportion om the m:mw.mwn
ooc:wm.mum;wwmsmu than that of dorsal mw:r_isonmmmJ,
omumaawam\un general have aonmnaoummp mwn_wm<m than
anal rays. o IR o

H: some vOmﬂ wmu<mm anm ﬂsomm ow H:mnmmo *3m _
ovmunum is vHo<nama Swﬁs about 6 mﬁu:mm. of which the Qonmmw

. one is the m&uo:ommﬁ and the longest. In carangids. a:m

long and. mwuo:o -spine on vamououopm is at the corner
i.e. ameimm: the souwuo:emw and <mnnnorw edges. The
early mﬂmaom of ﬁsmuvabwam mwmo differ from that of
nmﬂmscwnm in their ﬁ»oam:wm&wou vmﬁamuu. Apogonids

and >97mmmwam are easily »amnanwpma by their &am:mcmnm:w
and wmmm vwmaoswog nature of .the an<..

The wmmaoommsmwm

The L eptocephali Hmucmm_mum_ummvy< compressed, with

-

well developed Hmu¢mp_nmmwu._m<om and nasal organs. The
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myomeres are superficial. The interior of the larvae
is filled with noncellular nucoid substance, The common
sizes met with'are‘50—100 mm TL, the largest known larvae
is 1800 mm TL. : | S

The larvae reportedly do not eat solid food but
may utilise dissolved organic substances or bacteria,
The function of the teeth is 'yet unknown.

gifferent typos of.Leptocephalf '

1. ‘Elopiformes:

_has lavge forked caudal fin except in very small
larvae, Myecmeres less than 100, has ventral fin., Dorsal
and anal fin have short kases, |

2., Apquilliformes:

‘Small rounded caudal fin. Mycmeres almest always
more than 100. Ventral fins are absent, Dorsal and anal
fin have long base and are confluent with caudal.

3. _Netacanthiformes:

Caudal fin akbsent, instead they have a long single
filament. _Several'hundreds of myomeres present has very
small ventral fin. Dorsal fin short on anterior part
of the body. Anal fin present. - )

Family Myctophidae and Gonostomatidae:

The larvae of lantern fishes and light fishes are
relatively very abundant in the Indian seas, and those
of the gonostomatids (eg. Vinciguerria} can be confused
with_clupeoid;larvae by the inexperienced cbservers.

- The elohgate larvae with subcirculer or stalked eyes
differentiate them clearly frem the clupeids.,

The formation of photophores, especially the
second branchiostegal photophere and the sequence of
formation can be used to distinquish some genera -
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The pigments, size of pectorals, presence of

'. preopercular spines and development of snout are other
important larval characters of myctophids.

Useful

meristic characters include vertebral, branchlostegal,

dorsal, anal and ventral fin count.

.The ' oonostomid

like Vinciguerria the light organs are formed at the
same time and the pattern of photophores also dlffer.

Salient diaqnostlc features applicable to different groug

of fish larvae

Short oval bodx

Short depressed body

Q_est_on nape

Barbel on lower jaw
Elongated tentacle on-

'ogerculeh

Bony ridge over eyes
1 " '

Pfgtfudedisnout

Pelvic fins abdominal

Single short dorsal fin

 Monacanthidae, Balistidae,

Antennaridae - - |
Platycephalidee,.Pagasidae,
Dactylopteridae '
Holocentridae, Carangidae,
Leiognathidae, Coryphaenidae,

‘Scorpaenidae, Platycephalidae.v

Exocoetidae
Champscdontidae.,

Carangidae, Stromateidae,"'
Holocentridae, Histzophexidae,

. Scorpaenidae.

Hclocentridae, Hlstiophorldae,
Pegasidae, Exocoetidae,

Hemiramphidae

ISGSpendyli; Iniomi, Scomberosox.
They are soft rayed fishes
lacking spines in the dorsal,
anal and pelvie fin,

Gonostomatidae, Clupeidae,
Engraulidae, Dussumieridae.

g
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Single long dorsal fin :. Bregmacerotidae;Sexranidae,

' Carangidae, Coerhaenidae,
Leiognathidae, Histiophoridae,
Stromateidéé}~80tﬂidaei
Pleuronectidae, Soleidae,

_ - Cynoglossidae.,
~Iwc dorsal fins Mugilidae, Apdgdﬁidée, Mullidae
o ' - Gobiidae, |
Pectorals enlarged Exocoetidae, Strbmateidae,
' ' Callyonymidae, Platycephalidae,
- Champsodontidae .* _
Ventral fins absent. - Angulliformes, Syngnathidae, ’
' ' : Tetradontidae.
Elongated fin in rays on Bothidae, Soleidae,
dorsal . S Cynoglossidae, Bregmacerotidae.
No eg;pes-on cperculam- Labridae, Gobildae, Trachypterldae
' o Spines on operculam - Scombridae, .
_ Carrangidae.
Elongated spines on the = Serranidae, Ballistidae,
dorsal and ventrals Acanthuridae

. Alimentary canal : .
Long straight alimentary . Many Gonostomatidae, Clupeidae,
-canal : _ Synodentids., .
Bulged or sac like - CYnoglossi-
. o ~dae,. Soleidae,
Short and colle Majority of Perciformes.

.Aﬁal'ogening_ At middle of body = qugonidae,

Carangidae, Thunnidae,Scombridae,
Gobiidae, Scorpaenidae,
_ Pleuronectidae, Bothidae,
Behind middle of body Apodes, Hemirahampidae,
Exocoetidae, Fistularidae,
Mugilidae, Sphyraenidae,
Coryphaenidae,
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Far backwards

Far_forwards

Pigmentation
Dense

_Partiai'

Blotches, spots

chtogggfbertebfae

Less ¥han 24

3040
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- Stomiatoids, Clupeides, Synodontids.

.Bregmacerotidae, Atherinidae,.

Blennidae, . Trypauchenidae.

Exocoetidae, Hemirhamphidae,
Holocentridae, Mugilidae,
Cof?phaenidae, Histiophoridae
Atherinidae, Bregmacerctidae,
Mullidae, Apogonidae, Stromateidae,
Theraponidae, Platycephalidae
Engraulidae, clupeidae, Synodontidae,
Carangidae, Apogonldae Serranidae,
Leiognathidae, Thunnidae,

JScromoeromoridae, Pleuronectidae,
. Cynoglossidae._ : '

Calliyonomidae; Balistidée,

Monacanthidae, Diodontidae,

Tetradontidae, Molidae.
Gonostomidae, Engraulidae, _
Myquphidae, Coryphaenidae Labridae,

-Scombridae, Thunnidae, Sillaginidae. .
Clupeidae,.Engxgulidae,Chirocentridae,

MyctOphidae, Scombéromoridae;:
Bregmacerotidae

Elopidae, Albulidae Megalopidae,
Chirccentridae, Beloniformes, .

. Syngnathidae.

Anguilllformes, Trichluridae

) -Gempylidae. S
_-rAsteronesthidae, Bathylagidae,

Myctophidae, Idlacanthus
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~ K. J. Mathew _
SC1ent1$t (Selectlon Grade)

(Central Marine Fisherles Research Institute. Coch__l

6.1.1 Hlstorv of Dlankton Samgliqg.-

- Plankton samplzng by nets started a little more -
than 150 years ago. and’ 1t is therefore very much in its;,
infancy compared to,flshlng operatzons. In 1828, a surgeon,
Dr. J. Vaughan Thompson made a small net to sample crab

‘and ‘barnacle larvae. Darwin used a small net on the

Beagle'and'in 1844 Muller uséd a small.meshed_conical
net to catch a host of:mioute"creatores.“'This slmpiew'u'
tool was the foundatlon for our knowledge of plankton .
especially to the taxonomists.a- : X E

L

" Plankton was soon realieed to be ‘more than a .
systematist!s concern, and because it had suchzsignificahce
in the productivity of the sea, the food chain and. in .the
identification of water masses, ‘planktologists wanted to
know how to relate the number of organisms found in the
volume of water filtered thelir distribution in depth,

N space and time and thelr dally, seasonal and annual

variations._,'

Icthyoplankton research has played an-important
role in marine science and its application to fisheries
since the end of the last century It has contributed
not only to the clarification of basic problems of flshQ
taxonomy, ecology, zoogeography and life history but
also to the exploitation of fishery resources, a better
understanding- of the fieh'behaviour'and'the study of
fish population dynamics. The fishery oriented targets
of icthyoplankton surveys include exploration for potential
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fishery resources, location of spawning concentratzons
of fish stocks, monitoring of long term changes 'in the
camposition and abundance of resources and in spawning
times and areas (Hempel, 1973). The studyﬁCan be-much**u
more effective in tracing of fluctuations in spawning
stocks by estimating the abundance of their eggs and young -~
larvae, forecasting year class. strength on the basis of the
abundance of older 1a£vae, estimatinq abundahce of a stock
based on its spawning population, and discrlmlnatlng
between stocks of the same species. 1In’ short inchyOm
plankton surveys can be an additional method of estimating
fish stock abundance compllmentary to other methods of
resource evaluatlon. '

The need for so much comprehensive quantltat1VQ
”'knowledge brought w1th it a number of sampling problems
such as the sampler, its mesh size and meterial, ‘the
volume of’water filtered, closing devices, measurement

. of the depth of sampling, speed of tow, avoidance and
escapement. -This was more so when it became meceSsary
to make taxa specific sampling as in the case of icthyo-”
‘plankton, ' '

The earl§-iife history stages of fishes are
restricted, by depth, usually to the upper mixed- layers.
The passive eggs, and feebly SW1mning larvae are quite
vulnerable to capture. Many marine fishes have pelagic
eggs'and most have pelagic larvae. - Thus it"{s easy to AN
quantitatlvely sample several epecies over broad areas
with a 51mple plankten net,

6. 1, 2 Collection of 1cthVoplankton
6.1,2.1 Collection with net |

The most widely used apparatus for collecting
plankton in general is a plankton net, Typically a
plankton net ccnsists of a cone of bolﬁing”silk-er
equivalent material mounted on a ring to which are
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attached three thin brldles Spllced on to a smaller ring
by means of which the net can be shackled to a towing
ropé. Modern nets of all patterns differ from this simple
plan by having the first part ¢f the net, i. e., the part
attached to- the ring, of thin canvass, thus maklng the
net stronger, Also the end of the coné is left open and
is reipforced by strong material and a small container -

- the plankton bucket - is attached to this end. - 'This

bucket receives mest of . the plankton as the net £5 towed
along, (Fig. 6.1.1).

6.1.2.2 Hensen eqg and larval net

This net developed by Hensen (1895) is used for
collecting mostly macroplankton particularly fish eqgs
and larvae. The frame of the net consists of two metal
rings connected vertlcally by four metal bars., The
outer ring has a diameter of. 75 ¢m and-the_lower ring

"has a diameter of 100 cm. The filtering portion of the

net is 130 c¢cm long and it is attached to an upper canvass
portion, 55 ¢m in.length. The opening at the head is |
reduced to increase the ratio of filtering areafof:the'
net to its mouth area and at the same time by means of .
the canvass head piece the back wash is minimised while
the net is towed. There is a collecting bucket attached
to 'the lower end of the ret through a canvass piece of

10 cm long. At the top there are three bridles attached

to the upper ring which are spliced to form an eye to
which is shackled the towing line. From the lower ring
three thin ropes are attached to the bucket which protects
the netting from strain while hauled up. To maintain

the vertical position of the net while hauling a sinker
is attached to the bucket. (Fig. 6.1.2.).

6,1.2,3 Juday net

- Juday (1916) made a net in which the non-filtering
cone was of the same size and tapered as the net itself.
(Fig. 6.1.3)}. '
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6.1.2.4 Indian Ocean Standard Net

This ise another'verfically operated net designed
by Currie (1963) for use during the International Indian
Ocean Expedition. Since the basic.plan of constructing
the net is the same as that of a typical net, the material
used and the various dimensions are given below (Fig.6.1.4).

Section Diam Length Material - Mesh-'
{cm) o o (mm)
A 113 70 Nylon netting -  12.5
B 113 30  Terrylene sail cloth -
C 113 100  Nylon 0.33
D' 113-10 300 Nylon 0,33
(Tapering) ‘ _

-

6.1.2.5. Closing net

Samples are taken vertically to give a measure of
the plankton under one square metre surface. When it is
required to sample a particular strata of the water |
column, the closing nets are used. Nansen has developed
“a simple type of net for this purpose. The net can be
used for vertical hauls in which case it takes the form
of step~wise catches from one depth to the next, in order
to determine the vertical distribution of the plankton,

" The net can be closed at any desired depth, by means of .
a messenger which releases the bridles. (Fig. 6.1.5).

To samplé the whole vertical column repeatedly by
a single closing net is time cqonsuming, This led to the
development of multidepth sampling equipment (Be, 1962).

A high speed plankton sampler which is effectively
used for catching fish eggs and larvae is the Bopngo net,
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{(McGowan & Brown, 1966) It is & twin net fixed side
by side on an axis or yoke to which the hauling line is

" attached.

Hanging from the axis in between the two nets is

. the depressor of prescribed weight. Two types of Bongo

nets are usually used; one with 20 cm mouth diameter

and the other with 60 ¢m mouth diameter. . In the Bongo
net, the turbulance in front of the net caused by the
towing bridles is absent thus minimiging the net avoidance
by fast moving organisms like fish larvae. The Bongo

net is used for making oblique hauls while the ship is

in motion. The moving ship and the net hauling speed make
the hauling faster and therefore the fast moving organisms
like fish larvae ard also caught in 'the net along with
other zooplankton. (Fig. 6.1.6). )

6.1.2.7 Coptinuous plahktbn recorder:

The plankton recorder developed by Hardy (1936,.
1939) is a unique instrument. In this instrument the net
guaze runs through the water in the same way as a fflm in’
a camera, filtering the'plankton which sfreams'through."

.The covering gauze then covers the collecting gauze and

both together are rolled up into a container which is
filled with formalin sclution in orxder to preserve the
plankton. The strip of gauze is moved by the action of

a propeller, which. is driven by_pdreiy mechanical means
as the result of the movement of -the vessel. The rate

of transport of the gauze is regulated at the speed which
is so small that the édvance of 1 e¢cm is equivalent to one
knot of the travelling stretch, . Despite the small mouth,

measuring less than 2 cm? the collecting capacity - even

for'larger organisms - is very good. The instrument can
sustain a travelling speed of 8 to 17 knots per hour,

(Fig. 6.1.7).

6.1.3.1 Mesh size and fmaterial

Plankton varies considerably in'éize from microscopic
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protozoans and minute larval forms'fo fast moving fish
larvae and: therefore a range is needea both in mesh. size
and jin amount of water filtered., The gauze used in’
plankton nets influences not only the size of the
organisms caught but also filtration efficiepcy, drag,
clogging, velocity and condition of the -catch,

For effactive sampling plankton gauze should have
the following properties: (1) .the meshes should be
square, {2) the mesh apperture should be uniform, (3)
the material of the strands should be stiff enouch to -
resist bending or stretching, but flexible enocugh to
allow self cleaning action,'(4)'the nature of the Weave
-should prevent strands from sliding cut of place and
should prevent the meshes from distorting diagonally,
(5) the porocity should not change.when the net is
immersed in water, (6) the material of the strand shculd"
not abrade easily and {7) it should resist deﬁradatlon
by sunlight and by chemlcals used in cleaning.

- The plankton gauze are ‘usually made of nylon or
silk. General industrial screening-gauses, made of
staih;ess steel are used for rigid nets. -Metal and most
synthetic gauzes have monofilament strands. Silk and
some nylon gauzes have multifilament strands. (Fig.
_6.1.8). The mesh size used for collecting fish eggs
and larvae is 0.505 mm. For the collection of general
zooplankton the net fabric with 0. 33 mm is used.

6.1.4.1 Types-cf hagii
6.1.4.2 Vertical haul:

In a2 vertical haul the entire water column 15
' flltered through from the bottom to the surface, or
only a top part is filtered. ‘The net is lowered to the
determined depth from the anchored ship and slowly
hauled up. The haullnc speed is determlned principally
by the mesh width of the net (1 m/sec. for a 300 W net).
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‘a weight is attached to the net bucket,

{6.1.4.3 Horizental haul' ' The horizontal haul is used

S

to obtain plankton samples from a partlcular water layer.
A weight holds the net while it is being towed in the
depth. The depth positlen of :the net can be determined
from the wire angle and. the length of the cable paid out.'
Horizontal haul can be done ‘at any wnter depth from
surface to bottom, '

6.1.4.4 Oblique. hayl° It is a ceﬁbinatien of the two

f other types of haul. The net is lowered to a. partlcular

{ depth from a stntlmnary Shlp. Afterwards the vessel is
§ slowly moved forward : and slnwly the net would comeé up  '

' to the surface filterlng,an cblique column of water, Thé‘
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advantage of this method is- that the water column is more
intensively filtered in this manner than 1n a vertical
haul, In another . type ef oblique haul, the ‘ship will be
in motion whlle the net .is belng 1owered as well as hauled

up.

L 6.1 5 Volume of gater filtgred -

One of the first essentials in quantitative plankton
sampling is to know the volume of water filtered. “The

simple calculation is based on the length of tow and the-
area of mouth (11 r2 h)._ Clogging of the meshes introduces

~an error jnto this calculation. ‘One methed.to overcome

this was to 1ncrease the filterino area. 'Aﬁ'alternative
was to reduce the area of the mouth by a nonfiltering cone,
InSpite of all these modificatrons, the unkngvn variable

‘.factor - clogglng - llmited the accuracy of calculation.

Here the need of the . flow meter becomes significant

The simplest flew meters indicate the ‘number of

' revolutions of. the 1mpeller blades on a series of dials

or on a counter. The TSK. flowmeter (Nakai, 1954) has
proved ‘to be a hiohly reliable and sturdy meter of the

dial type.
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' The flowmeter used in ‘recent times is the digital
flow meter of the hydrobios type., It is a small device.
with a propeller at cne end. There is a small window
on cne side where the revolutions of the propeiior'being'
transmitted through a series of toothed wheels are indi-
¢ated in numbers. ' B

The flowmeter is to be calibrated before using.

The number of revolutions is to be transformed into the
quantity. of water filtered by the net in which it is used
For this, the flow meter fitted to the net has to be
towed several times in an experimental tank for knowh
distanice and calculated for the volume of water filtered.

6.1.6, Some prbble@s-cohfr&hting plankton collection

-~ The critical problem area in sampling as regards
quality is that of net avoidance by larvae,” To decrease
this there has been a tendency to increase hauling Speed.
However, the value of the increased catch aof largerl
larvae has to-be weighed against two adverse effects of
increased spegd' increased loss of small egqs and larvae
through mesh aperture of the net . due to increased filtration
pressure at higher speed {(the extrusion pfoblem) and _
. poorer condition of the specimens retained. It has been .
found that for all gears fish eggs and larvae were in the
best condition from hauls made at slow vessel speed and
damage to spec1mens became increasingly greater w1th '
increase in speed of hauling. :

6.1,7 Criteria for fixing and preserv1ng eel larvae
Althxugh many characters are used in identifying
leptoqephali, those of body shape and pigmentatlon are
most likely to be affectcd by unsatisfactory preservation.
Distortion of body can ogcur in formaldehyde fixed and
preserved material through absorption of liquid into the
tissues with resultant swelling and occasionally final
splitting of the specimen. Considerable shrinkage in
body length can occur in alcohol held material and it

u
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may reach as much as 5%, Accurate body lengths are
particularly impprtant in growth studies,

Alcohol and cork combination should never be used
because the muscle tissue of leptocephalus readily takes
up the colouring matter which dissolves out of the cork.
If this happens, important internal structures such as
vertical blood vessels to and from the viscera are
obscured as well as the deep pigment arcund the vertebral
column and on the spinal cord if the latter is present,

Most preserved leptocephali can be held for micros=-
cbpic observation between glass slips, but the more rigid
bodied metamorphic forms should be preserved flat or
extended, The number and disposition of larval teeth is
often an important character as in thé delicate median
fin, Careful handling of leptocephali dufing preservation
and storing is therefore essential, The specimen is
satisfactorily preserved for identification if it shcws
the following characteristics: (a) body undistorted,
relatively flexible, but still with a certain amcunt of
rigidity, (b) melanophores and chorioid pigzent of the
eyes jet black or even very dark brown, (c) myomeres
translucent white or cclourless, not colcured bfown,

(d) larval teeth complete and (e) fins undamaged,
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. . SURVEY OF FGGS AND LARVAE IN SPACE AND TIMEI
. : . . By
K.C George
Principal Scientist

QCthrai Marine Fisheries Research Instit”te, Cgchinz

Icthyop;ankton surveys are carried:out-mainly to:

1. Obtain basic knowledge on'taxonoﬁvt'distributioniand

ecclogy of this component in the plankton,
To use the quantitative data obtained for exploring _
new fishery resources and to determine the relative

abundance and distribution of economically important
species, '

2.

3. _To complement knowledge of Fish population dynamics
-and to use the results to estimate spawning blomass

by estimating abundance of eggs and ‘young larvae,

4;"Porecasting year class. strength on the basis of ‘the
_abundance of older larvae.

Icthyoplankton surveys are accepted as one of the

useful methods to ‘monitor the adult populations and estimate

biomaSS.

- The early'iife history stages of marine fishes are.
passiue and- are usually found in the upper mixed .layers.

jMost eggs and almost all larvae are pelagic and it is
'easy to sample’ several species over a wide area with - o
51mp1e plankton nets. * The index of larval abundance has

been shown to provide fairly reliable estimates of biomass

of their adults as in the case of pacific mackerel, sardine
and anchovy.

A

However, there are problems associated with this
like taxonomic, technical and statistical nature. Problems

involved in taxonomy are mainly due to the limited number
of specialists knowledgeable in the identification of
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Nellen (1973) made a detailed study on . the klnds and
abundance of the fish larvae from the cruiso of R.V.
Meteor in the Arabian Sea and Persian Gulf durlng 1964-65,
when some sections covering the shelf waters of the SW
coast of India were also worked.

Another recent contrlbutlon with a quantitatlve
approach, from areas adjacent tc Indian coasts is of
Alikhan (1972), who studied the distribution and abundanced
of fish larvae in the Gulf of Aden and off the coast of
west Pakistan based con material collected during 1964—'67
period, in 9 different cruises.

Silas {1974) described in detail the different
larval stages of Indian mackerel and mapped their distri-
bution and abundance off the SW coast of India and the
Laccadives sca, based on material from crulses of R.V.
Varuna in 1964,

Samglind sxstem for Icthyoplankton surveyss .

The field operatlons will have to be conducted
from ships of appropriate size, with a hydrographic winch
and meter block. An inclimometer to measure the w1re
angles 15 also requrred. i

The. 'Bongo 60', a twin ring (0 6 m dia) net towed
at slow speed (2-3 knots) is recommended as a su1table

‘gear for 1chthyop1ankton sampling. It is a bridle free _
‘net, the towing rope .being connected to the yoke joining

the two rings of the net. A hydrodynamic depressor
(about 20 kg}) is suSpended beneath the frame.

The tOW1ng frame is fitted with two cylindrical
conical_nets made of monofilament synthetic netting. One
net (0.505 mm mesh) c¢an be used as a'principal jchthyo-
plankton sampling net and the other {0.333 mm) may be
used for plankton biomass studies or fish egg and larvae
escapement and ‘extrusion studies. The use of soft cod

“ends is recommended as a mattexr of handling ease and

also spillage back into the net is also likely to be
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léss than with hard plankton bucket. The cod ends are
made of the same type of material and mesh size as the
net cones. A calibrated flow méter is fixed tc the mouth
of each cone if the cones are of différent mesh sizes or
only to one cone if they are of same mesh size, '

Plankton tews

The ship is stopped and the depth at station is.
recorded. The initial flow meter reading_and'winch'meier
reading are to be checked and zeroed. The net is lowered
to surface of water and the ship set underway.

The nets are allowed to stream off at surface
briefly and lowered without entangling. Enough wire
length is released to reach the net to the desired depths.
eg. to lower the net to a depth of 210 m with wire angle
of 45°, requires that 300 m of wire be let out (wire angle -
is the deviation from the vertical). |

Length of wire out x cosine 45° = nét.depth
300 m x 0,707 = 210 m o

A depth of tow graph can be prepared to havé instant

check on the wire to be paid out for the desired depth.
While the ship is underway, the wire is paid out and after
reaching the ‘desired depth, retrieved at theHSame speed.
This is called e contindous oblique tow. After taking up
the net on board and washing down, the flow meter final
reading is recorded,

To be moxe acéutéte regarding the time 6f tow
a stop watch can be used to record the sinking time (the
time to reach the desired depth) and retrieval time.

Anomalies in flow meter reading can happen due
to varying ship speed, clogging of the net etc. While
a typical exercise in ichthyoplankton collection for
quantitative studies has heen detailed above, a survey
to cover spawning of any species in a wide area and time
requires efforts of several boats, '
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Efforts on theseilinesvwere made during the several
surveys conducted by Ahlstrom (1941-1972) in the eastern
Pacific for pilehard, and the sardine. In the Japanese
waters during the post-war years (1949) co-operative
Iwashi resources_surveys.incorporated eggs and larval
surveys in the programme. (Nakai and Hattori, 1949-51),
As the spawning grouhds of the species were concentrated
in the coastal areas, extension of thg survey to offshore
areas was not neceésary as in the case of o0il sardine,
mackerel and other small pelagics in Indian waters.

Cost of nqn and larval survevs-

The cost in terms of vessel time and human effort
réQulred for egg and larval surveys is considerable.
However any other type of vessel survey like acoustic
and fishing for objectives like fish stock size estimate

would require vessel time cost, but the survey results

can be made available more quickly than in tﬁe case of
egg and larval surveys, where processing material and
data will take relatively more time,

Processing of gaterial and data:'

The plankton sample is washed out to bottles of
appropriate capacity and labels put with details on Date/
Station No./Ship/Cruise No./Time/Gear/Position/Depth of .
tow ete. Two labels cne inside and one over the bottle
are to be used,  The sample is normally preserved in
formaline of 4-5% strength taking care to'add enough
laboratory grade formaline required for the volume of the

full sample bottle. The preserving liquid may be about

3 times the actual plankton material volume. To get the

' required strongth of 5% sclution of formaline in a half

litre jar 50 ml of concentrated commercial formalin can
be added. 10 m1l of sodium borate solution in sea water
is added for each litre of preserved sample to counteract

X

‘acidity.
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In tropical conditions airconditioned, temperature
controlled. storage of material is advised,

| For standard ichthyoplankton survey physical
oceanographic data at the stations are useful supple-
mentary information, This includes, temperature salinity
and dissolved 02 of the column sampléd.'\

Laboratory procedures: -
Volume estipate

Net’ volume estimate by displacement method for each
sample, ' .
(a) Total volume including all material
(b) Volume excluding large items, whose 1nd1vidua1 volume
exceeds 5 ml.

Sorting: o

It is reccmmended that total samples be sorted for
fish eggs and larvae whenever possible and fractioning
‘may be limited to exceptionally large'samples; The
'Folsom splitter' is a standard apparatus for dividing
plankton samples into aliquot portions,

Sorting is done usually under a dissecting microscope
(x 10 times),

Idepntification:

Preliminary identification to family level may be
possible during sorting by skilled technicians, while
final identification needs careful scrutiny by experts.
However if a survey is for a particular species only such*®
"material need be isolated and studled.

Storing ;dentified_mgterialz

It is usual tostore identified eggs and laxvae in vials |
and closed with cotton plug and finally stored in a mother
bottle containing appropriate strength preservative.
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Study of survey data and intergretation*

The basic data for estimation of abundance of eqgs
and larvae are obtained from systematic. sampllng at regular

time intervals at a number of stations distributed rather

evenly through apaqe; Integration of data from different

cruises in relation to space and time is needed.

Two assumptions underlie this method of treatment.
(1) The dlstrlbution of egq concentrations thrcugh space
and through time are continuous (2) thehegg concentration
gradients between points in space and tiﬁe_are linear.

The number of 'eggs/larvae taken from each haul is
made comparable with the numbers from other samples by
referring all collections to a common basis- the number
of eggs under a standard unit area of the sea (say 10
square metres). The number of eggs taken under a standard
area may represent an accumulation of eggs from spawning
in one day or more as the case may be, o

Reliable estimates of annual abundance of larvae are
more difficult than for planktonic eggs because of net
avoidance and variation in diurnal behaviour of larvae,
However some of the difficulties have been overcome by
the development of high speed nets and sampling day and
night etc.

Mathods of estimation of abundance of eggs and 1arvae?

1. Constructlon of lines of equal abundance (1sometric

lines) on charts of distributions and integrating the areas
with the contour lines. (Buchapan - Wollaston, 1915,
1923, 1926}, ’ '

'2;- Sette (1943) based his estimate of annual abundance
~of haddock eggs on the average catch of all the cruises.

The UNDP/FAQ Pelagic fishery pro3ect, Cochin in
its Ichthyoplankton survey adopted the first method and
identified the areas of abundance of fish eggs and larvae,

i
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However this work was not elaborated to estimate the

stock size, but hither tc little known information on.

the spawning time area and regionwise relative abuncdance
~of spawn products were gathered for the project area
investigated. For calculation of standard indices of
abundance, the number of eggs/larvae under one m2 surface
was computed. This was done by multiplying the original
numbers for each station with sampling depth and dividing
by the volume of water filtered, Volume of water filtered
is computed from the callbrated flowmeter revolutions

for each haul.

N x D..'.\.

. These standardised numbers for eaéh sfation are
plotted for different periods or integrated for the year
to get a synoptic picture of the relative densities of
the spawn products. New forecasting the fisheries on
the basis of indices of abundance of eggs/larvaé’involves
a series of further estimates giving allowance for
mortalities in the progressive development of the spawn
products, It 1s easier to base this on the older 1arvae,
thus eliminating the factor of mortality. So a relative
index of abundance of late larvae could possibly be an
index of the magnitude of recruitment into the fishery.

" However, it is a pretty time consuming exercise to arrive
at this index before the start of a scasons fishery,
especially,if the fishery immediately follows as in-the
case of the oll sardine or mackerel,  Nowadays 0 - group
surveys for young recruits are adopted in temperate waters
to forecast fisheries, It would éppear that these two
methods can supplement each other: the larval abundance
index enabling to get an idea of the forthcoming trend
‘of fishery, earlier than the O - group abundance index
which can be built up only later. In this connection,

it is to be borne in mind that egg and larval surveys
applicable to some of the temperate region fisheries

are less appropriate in the case of tropical fisheries.
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This is due to the reason that in temperate waters the
spawning of fishes is relatively restricted in space and

.time and the hatching and larval development are slow,

which enable a full assessment of the abundance of the
Spawnfproducts.. In case of most tropical species eggs
hatch out within 24 - 48 hours and the larval development
is also much faster, Still as a standard methed either
by itself or in combination with methods like O - group
abundance studies and .acoustic surveys, egg and larval
surveys are considered to be ;éeful in the forecast of
fisheries, ' '
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. TERMINOLOGY oF THE EARLY DEVELOPMENTAL STAGES OF
MARINE FISHES

- BY

P; BenSam
- Principal Scientist _
Central Mari & Fisheries R§Sea£gn Institute, Cochin)

‘A perusal of literature shows that over the yeérs
various authors have uséd different terminologies for the
various'early developmental stages pr\phases~of'mérine _
fishes, Some of these authors are: Huhbs (1943), Jones

* (1950), Ahlstrom and Counts (1955), Ahlstrom (1968 b)

and Balon (1971, 1976). From all these papers, four
principal phases are recognlsable which are: {a) Egg '
(b) Lazva (c) learva and (d) Juvenile.

(a) Eqc - The term eqgg is applied to the stage from the
‘time of fertilisation to the one at which the embryo
‘hatcnes out of the chorion (egg capsule). The egg
stage 1s characterised by an exclusively endogenous
‘nutrition from the yolk of the ovum, Balon 1976)

" has divided the egy stage into three phases, viz.,

cleavage'phaSe, embryonic phase and eleuthercembryonic

phases. It may be noted in this connection that as.
per the definition given by Balen (1974), the
eleutheroembryoﬁic”phase'commeﬁces only with hatching
and is not a phase undexgone within the egg.’ Hence,
" the. inclusion of this phase as part of the egg life
is highly questlonable. On the other hand Ahlstrom
and Counts (1955) have divided the egg or embryonic.

period into three stages, i.e. (i) the early egg, from

jfertllisation to closure of blastophore, (ii} the
ddle egg, from the closure of blastophore to the



=2 _
time when the tail Ummwmm to separate and curves
laterally from the embryonic axis and (iii) the late
egg, from the time the tail is curved away from the
embryonic axis to the dwsm of 3manru:@. These termi-
nologies for the egg nmuwoa are ncpﬂm canincing and
hence are adapted for the purpose of the present
studies. | ,

(b} Larva: The term larva is g m:mumwwf cmma mou the post-
m:.”mavu<osun period from the time of hatching o:&mﬂam
~ until the yolk is absorbed, the mouth is formed and |
- the eyes are pigmented, as was defined by mme< EOﬂwoﬂm
on marine fish eggs and Hmw<mm. :gwwm ﬁdoawv“ Jones
(1950) and a few other later workers have subdivided
‘the larval phase into "prolarva® or "yolk-sac larva®
to dencte the presence of yolk and the term ®larva"
to subsequent stages. But, Russell (1976) has pointed
out that restricting the use of the term "larva" tc the
<owrimmn stage is oos<m:wo:& 3t the end of which the
mouth is formed and the eyes are pigmented. A:Mm usage
by Russell (1976) is followed for the present purpose.
Ameng the larval stages one distinct stage is the newly
hatched larva; and if the larval development is followed
m<mw< hour, conveniéent stages can be- mowacwm&ma such
as 3 hours,6 3ocnm. 9 hours old larvae, mﬁo.._

(c) vomapmu<m“ The stage mxemuawso mﬁoa dsm absorption
of yolk, formation of mouth and ﬁwosmmﬂm&wo: of eyes
is denoted as "postlarva", Over the years different
terminologies have been proposed for the various .
stages during vowawmucmp development of marine mwmswm.
such as protopterygiolarvae, pterygiolarva, vumuc<m:nwm.
etc. vide Balen (1976). But Russell (1976) draws
attention to the fact evér since the termination om
the larval period, in the vast majority of marine wmeQm.
 the postlarval sequence of development :mm no- sharply
demarkated amHBH:mapo:. This is cmom:mm different macpﬁ

T
e
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characters. such as the numbers of fin rays or
vertebrae are already developed before the fish
has lost other larval characteristics such -as
pigmentation pattern. Russell (1976) further
emphasises the fact that in view of the above
reason it is impossible to determine a point at

-which the fish definitely becomes a2 juvenile, In

view of this reason, Russell (1976) states that |
the texrm "postlarva®™ can be applied to the stage

from the termination of the larval stage during -
which there is a sequepnce of development to juvenile
stage. The use of the term "prejuvenile" in a broad
sense by certain authors has been crtised by Ahlstrom
(1968 b) who points out that it can be used only in a
narrower sense to certain strikingly modified or
specialised pelagic life history stages possessed

by only a few fishes such as Tholichthyes stages of

Chactodontids, Rhynchichthys stages of Holocentrids
etc. and can not be applied to the early develop-
mental stages of marine teleosts.

Within the postlarval phase of development,
three principal stages are reckoned by Moser and
Ahlstrom (1970), Ahlstrom et al (1976} and Moser

et al (1977), These stages are associated with the

development of the caudal fin and its supporting
élements, before, during and after the upward flexing
of the posterior tip of the notochord, which are
termed as (i) Preflexion, (ii) Flexion and (1ii)
Post flexion stages in the postlarval'de#elopment.

Of these three stages the postflexion stage is of
1ongest duration, leading to 3uven1le stage.

Juvenile: As per the considerations observed in the
previous section, during postlarval development one
or the ‘other early developmental ¢haracters still
persist while some characters resembling those of
the adults have formed. In other words, during
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juvenile phase of development also the spe¢imens may
differ from adults, For instance although in general
body form and in meristic characters the developing
stage may resemble the adults, in details of morpho-
metric proportions and pigmentation (c¢olouration) it
may show a marked difference, Hence, juvenile phase
of development in vast majority of merine teleosts also
may;pet haye:a\eharply marked termination at an early
size or age. But, developmental processess of certain
characters'may be delayed till the specimen becomes
older and reaches a: fairly large size. In view of.this
reason, the term Juvenlle for most teleosts may be said
to be deflned as the stage at which. the specimen has
developed all the vital meristic characters and general
'morphometric and pigmentatlon pattern. o ' :

References

Ahlstrom, E. H 1968 b Review, Development of Fishes
of the Chesapeake Bay Region, An Atlas of Egqg,
Larval and Juvenile Fishes, Part I. Copeia, 1968

(3): 648651, - | .

Ahlstrom, E.H. and R.C. Counts 1955 Eggs and larvae
of the Pacific hake Merluccius productgg; U.S,
Flsh & Wildl Serv., 96: 295-329, | .

Ahlstrom, E H., J.L. Butler and B.Y. Sumida 1976
Pelagic stromate01d fishes (Pisces, Perciformes)
of the Eastern Pacific: Kinds, distribution and
_eariy life histories and cbservations on five of
these from the Northwest Atlantic, Bull, Mar.
Sci., 26 (3):. 285~401, '

Balon, E.K. ,1971 The intervals of early fish develop-
' “ment and their terminology. (a review and proposals).
Vest Cesk, Spol. Zool,, 35: 118,




PR

Balon,

Hubps,

Jones,

Moser,

o —————A R,
. S

|

1

1

-

_5-
E.K. 1976 a Terminology of intervals in fish
development. J, Fish, Res, Board Canada, 32 (9):
16631670, o

C.L. 1943 Terminology of eafly stéges of fisheé.
Copeia, 1943 (4): 260,
S, 1950 A note on the termihology of “the early.

developmental stages of fishes. J. Zool. Soc.-
India; 2 (1)e 39-41.

H.G. and E;H.__Ah13£rom 1970 ﬁevelopment of
lantern fishes (Family Myctophidae} in the

. California Current Pt,I. Species with narrow-

Moser,

eyed larvae, Bull. Los Angéles City Mus. Nat.

Hist, Sci, 7.

H.G., E H Ahlstrom and E.M, Sandknop 1977.
Guide to the identification of scorpion fish
larvae (Family Scorpcenidae) in the Eastern
Pacific with comparative notes on Species of
Sebastes and Helecolenus from other Oceans.
NOAA Iechn. Rep, N ME S, Circ., 402,

Russell, E.S. 1976 The eqgs and planktonic stages of

A hapie s <+ Al e

British marine fishes, Academic Press, London.



b ) !Il i‘i'_'*”ﬂ

CMFRI/SI /1989/Th VIII

_'MEASUREMENTS AND DRAWING Qf THE EGQS AND LARVAE OF
MARINE FISHES '

By . .'u

P. Bensam
Principal Scientist

(Centfal Marine Fishe;;gs Research Institute, Cocgin)

Measuregents '

In any descrnption and 1dentification of marine
fish eggs and larvae, measurements and drawings are
vitally important because if only improper measurements
and drawings of eggs,llarvae, etc. are made by any
worker; it is likely to confuse the other workers and
result in a doubt on the identity of the material reported
and/or described. In view of this reason, exact and .
accurate.measurements of the eggs, larvae, postlarvae
etc,, under study 1s an important and vital prerequisite

in any study on fish eggs and larvae, «The various measure-

ments which are required for documentation are as follows:

(a) Egg (Fig 8, 1)(1) Total egg diameter in the case of
-Spherical eggs or length and maximum
width of the eqg if the eggs are

elliptical (eg. Stolephorus). '
(ii)Diameter of the yolk in the case of
" spherical eggs or length and maximum
width of the yolk if the eggs are
‘elliptical (Stolephorus)
(1ii)Width of the. perivitelline space.
If the perivitelline space is not
'of the same width all along, the
o o  :measurement at the two poles of the.
. ' _ ,%.egg as well as the middle region
- "has to be recorded. -

BN wa



{iv) Diameter(s) of the oilglobule 1f-one- is |
present and of all the 01lglobules if more-
than one is present..

(b) Larva (Pig.B 2)

(i) Total 1ength from tip of head to end
of caudal finfold, o
(11) Notochord length, from tip of head to:
 end of the notochord. .. .
(i11) Head length, from tip of head to the
o hind margin of duditory vesicles,
~ (iv) Preanal length, from tip of head to
o ~the anus {or vent).
- {v) Postanal length, from vent to the end
- of caudal finfold

(vi) Head width, dorso-ventral width at the
widest part of head, -

(vii) Width of_trunk,_dorso-ventral width
~ at the middle and widest axis of the
_ yolksac, |
(viii) Width at vent.

(C) postlarva (Fig.8,3):

(1) Total length, from the tip of the ‘head.
{or the'snout) to the hind marg;n of |
caudal fin, :

(ii) Standard iength, from the t1p of. the
head {or the snout) to the hinder margin
of the uppev hypural plate of caudal _
'_reglon. : :
~ (iii) Preanal length, from tip of snout to
'_-' the vent. _ - _
(iv) Postanal length, from.the vent to the
hind end of caudal fin.

(v) Head 1ength, from the tip of the snout
“-to the npercular cleithrum.
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(vi) Width of head, at the level of the middle
axis of the eye.

 (vii) Width of trunk, a;'the widest axis of the
: postcepholib part of preanal region.

(viii) Width at vent.

(ix) Postanal width, at its. widest regien, .

“{x) Predorsal length, from the tip of the snout
to the front margin of dorsal f1n base if
formed. )

(xi) Postdorsal length, from the hind end of
- the dorsal fin 'if formed to the hind end
of caudal ‘fin,

(x11) Length of dorsal fin base.
(xiii) Length of anal fir base,

(C) Juvenile: All the morphometric measurements required

in ichthyotaxonomy, viz., total length,
head length, prepectoral length, predorsal
length, prepelvic length, width of caudal
_peduncle, etc., are necessary for docu~
_menting the juvenile stage in development.

While reCordlng the above measureméents, it is
desirable tc standardise the accuracy of each measurement,
in order to facilitate easy compafison and comprehension
of variohs stages. Workers on early developmental stages

" of fishes usually standardise the accuracy of measurement

of the larger stages such as juveniles, vostlarvae and

_ larvae as well to the first decimal place. For smaller

specimens such as eggs, the accuracy is usually standardised -
to the second decimal place. And, for sti®l smaller parts
of the developing stage, such as yolksac, oilglcbple,'etc.,
the accuracy is Standardised to the third decimal’plaCe.'
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Drawings

Scientifically accurate drawings of early develop-
mental stagés are as much important as the measurements,
while documenting them in literature, Larger specimens
are usually drawn based on eye measurements of characters,
practised in 1chthyotaxonomy as well as by u31ng a magni-
fying glass.  But, smaller specimens the characters of
which can be studied only under the micrOSCOpe can be
measured and drawn only by using a microscope. For
recording measurements of eggs, larvae, postlarvae or
' certain parts of these stages, micrometers are used by
inserting them in eye pieces of the mzcroscopes and the
calibrations of the micrometers are measured by tallylng
their calibrations with a stage.miorometer. Microscopic .
drawings are usually made by using a camera lucida, After
_ obtalnlng a sc1entif1cally accurate pencil drawing of the
eggs, larvae .etc., as well as their characters, the..
drawings are finalised with Indlan Ink.

Early workers on. fish eggs and 1arvae ‘have usually
drawn the specimens, espeC1ally larvae and postlarvae
such as these were, even if these were partly or fully
curved upon preservatlon. But, over the years, this has
been poslnc problems for subsequent workers in compre-'
'hending the accurate measurements for comparison ‘and
contrast. In view of this reason, it is desirable to
avoid such ‘partly or fully curved specimens in the case
of such of the fishes, the early developmental stages
of which are avallable in plenty. But, if the develop=-
mental stages are not avallable in adequate numbers and
if it is abSOlutely essential to sketch partly or fully
curved Specimens of larvae, etc., drawing skills may be -
employed to present the sketchds in an uncurved normal
manner of the developing stage, without making any
comoromise-on the various characters and measurements
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thereof., Also, in order to make an casier comparison
and contrast of the various sequences in the develop-
mental process, it is desirable to present all the

- drawings of stages from larvae to the juveniles to an

uniform final length for documentation. For instance,
a postlarva of 5 mm when magnified to 10 times for the
figure becomes 50 mm and'a'longer stage of 20 mm
becomes- 200 mm for its figure. Instead of presenting
such figures, when the stages are magnified and drawn
to the same final proportions for the figures, easier.
comprehension is possible, With the advent of magni-
fying and reducing the sizes of drawings this can be
achieved quite easily, ' '
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LABORATORY REARING OF THE EGGS AND LARVAE OF MARINE FISHES

By

- §5.G, Vincent
Technical Officer

(Ceritral Marine Fisheries Research Institute, Cochin)

Quality of Water Medium:

The quality of water in which fish eggs and larvae
are rearaed includes both physical and chemical factors
that make aquatic environment suitable. Various chemical
and physical pérameters'interact tc produce a variety of
distinct environmental complexities, Certain aspects
which directly have some bearing on. the quality of water
are outlined below:=-

Temperatures:

For laboratory rearing purposes the most important
physical aspect to be considered is temperature, Temper~
ature of water hag a definite influence on the successful’
rearing of the larvae. Vijayaraghavan (1955) collected
hatchling of Anchoviella ‘tri from the sea when the
temperature was 28,.6°C and maintained them at temperatures
of 159C, 20°C, 23°C and 30°C. After 8 hours he noticed

less survival rate at 15°C and 30°C and maximum survival
rates -at 20°C and 25°C, With more experiments he ascer- o
tained that the best survival rate is between 20° and

25°C, He was successful in rearing the larvae of Decapterus
russelli, Enqraulis gravi, inchoviella tri, Scomberomorus
gquttatum, Saurida tumbil and Cynoglossus sp. in temperatures
ranging from 20°C to 25°C, In tropics the seasonal fluct-
vation in temperature is slight, and this may lead to a
narrow range of tolerapnce. Based on the experiments on

a total of 10 species of fich larvae, Kuthalingam (1959)
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had shown that the range from lower to upper lethal limit
in temperature was only to the tune of 3 to 4°C. 1t is
possible that the tolerance may vary with the advancement
of stage., The present authcr could collect the eqggs of
S.commerson and rear them till 72 hours at a temperature
varying from 25 to 28°C,

Salinity:

Slight variation in salinities can affect the
development at the;eérly stages, Osmotic properties of
water play a vital role in the life-history of fishes,
especially at the marine and estuarine habitat, An
increase or decrease in salinity brings about changes
in the specific gravity of water and this has considerable
impact on the fish at its critical period of development.,
Seer fish larvae were observed at salinity ranges of
31.80%0. - 35,12%0. Sphyraena borealis larvae were reared
at salinity ranges of 33.0 - 34.6%c, and the present
author has reared Scemberomorus commerson at 34,39 -

34,9%0.

Dther factors:

The viscosity of sea water is high enough to
protect the eggs and youngones from mechanical disturbances
and help them to float on the surface of water, Dissolved
substances in the water have both direct and indirect
effect on fishes especially at their critical stage of
development. The nutrients available in water can produce
microscopic plants which in turn, act as food for many
young:and adults of fjishes, 'Excess of dissolved salts
create osmotic burden sn young fishes.

Attack by ciliates.

The larvae reared are casily attacked by ciliates,
as they flourish on dead eggs and then spread to healthy
ones. It may be noted that the prolarvae are the most
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Vulnerable to éiliate'attabki' It is highly essential ..'= .
to keep the rearing system free from ciliates. Agitation

" of water has been widely considered useful by many workers,
(Gross, 1939) By this the larvae are prevented. from
restihg_at the bottom where ciliates are abuncant around
decaying matter. Vijayaraghavan (1955) has made some
studies on this aspect. It may be stated in this
connection that the success with the rearing system N
depends to a large extent on absolute cleanliness while
setting up the experiments.

Ambient Water:

Clean, unpolluted water with no suspended impurities
is essential for successful rearing. Sglection of the
right quality of water from the right place and maintaining
it in the right condition is an essential prerequisiﬁe.
This can be achieved by ascertaining the natural spawning
habits of fish, for utilising the wétér'in which the fish
spawns in the natural habitat, Water collected from any
site where that particular fish breeds and undergo subse-
quent development is the most suitable one for rearing
it through different stages. The ambiéht water thus
collected, has to be filtered to remove all suspended
particles and also the planktonié'élémehts that are _
likely to develop,multiﬁly”br“blbom subsequently, tampering
with the experiments. Although considerable work has béen
done on the life history of fishes, little is known
"about the methods of laboratory rearing. Also, the
approaches made in these study seem to differ from author
to author, although the principles and objectives are
one and same, Vijayaraghavan (1955) gave a brief account
of the methods used by him to rear the eggs and larvae
under tropical conditions. The methods adepted by the
various workers are almost similar to these.
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Methods ¢f Rearing Eaggs, Larval and Post Larvae

Methods used in rearing fish eggs and larvae vary
from author to author. There is nc standard procedure
or equipment for the purpose. Bapat (1955) used troughs
in the laboratory for hatching and for further studies
as a routine measure. Seshappa and Bhimachar (19%5)
were able to keep alive Malabar sole larvae {Cynoglossi-y
semifasciatus) in the laboratory through various stages
of metamorphosis. Pelagic eggs of Sphyraena boreales
were incubated and the larvae were reared in a 55 litre

aguarium, Although, there are numerous instance of
such rearing operations, the method adopted by Vijaya-
‘raghavan (1955) scem to carry more details. The_ﬁater
should be aerated and filtered frequently. According
to needs, the size of the system ﬁéy,be changed., . For
few eggs or larvae even a finger 5owel or breaker of
one lifre capacity ﬁay be enough. Glass troughs of
5 to 50 litre capacity may be used for larval rearing,
The running water system can be'better used for post
larvae and Juvenile rearing. Use of light, ﬁonstant
aeration of water, proper maintenance of temperature
and control of ciliates are the pertinent aspects which
have to be taken care of during rearipg._

Rearing Techniques used to rear eggs and larvae by the
author

The present author succeeded in incubating the
eggs and rearing the larvae of Scomberomorus commerson
upto 72 hours hatching. The simple unpublished technique
designed for rearing them in the laboratory and in situ
is as follows:-

~

For the purpose of rearing the fertilised eggs,
an improvised "Incubation unit" in which the eggs could
pass through their critical stages, both before and just
after hatching, and a 'Rearing Unit' in which one day
old larvae could undergo further development, jin situ,
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were designed. The incubation unit (Fig. 9.1,3)

“consists essentially of a flat bottomed circular glass

trough of 10 litre capacity and a glass beaker of 500,ml
capacity. The beaker is filled to about 3/4th with
fresh filtered seawater and the fertilised eggs were

then transferred to. the beaker. The mouth of the beaker

. is tightly closed with organdi cloth well soaked in

filtered sea water, The beaker is then.placed in the
middle portion of the trough and the latter is filled
gently with fresh, filtered sea water upto a level of
about one centimeter below the mouth of the beaker.

‘Besides providing ample circulation of water through'

the organdie cloth this alco helps in preventing evaoper-
ation of water in the beaker and keeps the temperature

‘of the water more or less as that of the surrounding

sea water. The same unit may also be utilised for

_ rearing the larvae for'about a day after hatching;- The

rearing unit (Fig, 9.1, b) is helpful in rearing the
larvae in situ from the second day onwards, It consists
of a plastic bucket with slits cut all along its sides
and a beaker of 1000 ml capacity. One day old larvae
can be transferred to the beaker and the mouth is closed
with organdie cloth of sufficiently large mesh size and
it is then placed in the plastic bucket. The beaker

is fastened tightly to the bucket and the entire unit

" is kept suspended by means of four bridles and kept at

a depth of about 40 cm from the surface,  Sufficient

" weight may be kept in the bucket to keeép it upright in

water,

Live Food of Postlarvae and Fry:

Little is known at present on the nutritional
requiremeht and diet preference of the larvae and
postlarvae of various species. Recent studies have
indicated that, the early postlarvae of fishes like’
the'séabass (Lates calcarifer) feed upon the rotifer
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" - Brachionus plicatilis, nauplii of Artemia and the
freshw@ter'cladocéraﬁ Moina macrura, The diet require-
ment of postlarvae may be different from that of the
fry. As growth advances mouth and ‘jaws become more
functional, Early in larval life, tuna were found to

feed on small organisms measuring less than 100 micronps;

in the midlarval life, the feeding habits change abruptly
te orgenisms of SO0 'microns or more. At the end of the -
mid larval life the fish takes larger drganisms including -
other fish larvac.  in the natural habitat the postlarva
~and juveni'e fish feed on a wide variety of materials
present in the water Column, such as diatoms, phytoplankton
and zonplankton. - The food cf young fish may vary from
_fish'tm fish. The intake of food jtems may alsc differx
according to the feeding nature of the fish, A mullet

-fry at 20 mm stage'feeds'main19 on organic matter present.
in the water cdlumn,_where as a seer, at the same size,
prefer to feed mainly on larval fishes. The chemical
coﬁpoSitions of: some¢ of the important live food items
widéfy used in culture practices are incorporated in

Table 9.1. | | |

Table',.1 Chemlcal comp051t10n of some 1mportant live
food O;ganlsms.

Percentage dry weight  Reference

Organism : .
Protein Carbo = Fat  Ash
hydrate .
Tetréselmig maculata 52 15,0 2.9 =
Dunaliella salina 57 31,6 6.4 -
- Chaetocercs sp. 3% . 6.6 6.9 -
Skeletonema costatum 37 1 20.8 ° 4.7 - Pirsgns
_ et al,

- - D f -__' TT96T)"



7=

Phaeodactylum tricor- 33 24,0
natum . _ o
| Exuviella sp, .31 _ 37.0
Chactoceros sp.(unialgal)’
Culture growing-eprnen-
tially : 48,6 ~ 9.2
i S, costatum- (unlalgal
: culture growing expo=
{ pentially) = | 60,6 34,71

ST N e e L o

'S, costatum (un1alga1
‘culture, grown

24 weeks)43,52 34 5%
P, tricorpatum (unialgal
‘culture growing empo-

nentially) 35,7 25.9

.

P.tricornatum (fusiform

cells from 16~d culture) 46. 5

B. iricornpatum (oval N SN
cells from 16-3 culture 37,7 21.1.
Diatom (Chaetoceros)* 29.0. 8.0
-Diatom (Mixed)* 24,5 14,2
Mixed Zooplankton® 46.0 6.0
Artemia nauplii 55.60 -
Brachionus Ellcatills 59,07 8.44

Moina sp. 56.69 13.47
Tubifex 65.0. 15.0

2.2

6.6 - Parscns

et al,

5.0 - | TTOET)

9..5 . | ."__ .
7.7 -~ Lewin and
_ Guillard
(1963)
7.4 -
38.6 -
630 - = terom Marshal
61.3 - 1.
. and Orr{1960)
23,0 25 .
15,20 15,25 Gallagher
and Brown -
. {(9rs)
24.05 8.44| Charles
_ John )
23.73 6.11_ Bhaskar
- 1 (1982)
14.0 6.0 Bardach
et al
“T1972)

* Grams per'100 gram Organic matter.
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Adaptations of Mowvth and Jaws

- The type of .-food ingested and the feeding mechanlsm

have correlation. Different types of mouth parts of the.
pestlarval and juvenile fishes are given belcw:=~

1.

3.

Centriscus sp. (22. 5 mm TL)

Mouth, placed anteriorly at the t1p of elongated
tube like, snout. Jaws small and dorsally directed.
At the vyounger stages it is pelagic and feeds on

diatoms floating on the surface of water.

Mullet fry. (20 mm) -

Protuded mcuth, beariﬁg no teeth, adapted_te take
mainly suspended organic matters, '

Leptocephalus. (120 mm) "

Wide mouth, long and weak teeth, only to hold ‘
together the jaws when closed. .Feeds-on diatoms taken
along with water, Mouth cavity is wide to suit it.

Carapnx SP. (16 7 mm)

Mouth small no teeth on jaws characterlstzc of
phytoplankton feeders.

Euthynnus affinis (5.62 mm TL)

Pestlarvae, adapted to feed on plankton. Mouth wide,

-jaws prominent. Teeth pointed forward, to hold any

live planktonic organism.

Saurida ‘tumbil (33 mm TL)

Pelagic, fast feeder, feeding on decapods and
copepodes. Teeth on jaws,bristle like pointed
forward, closely arranged to capture large amount
of pray and retain them in the mouth cavity. The
teeth on tongue, recurved, help to take live
Zooplankters.

Seer fish (20 mm)

Mouth wide, jaws large; teeth strong mostly recurved,

Few recurved teeth on palatlne. Adopted for carnevorue“
type of feeding. '
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GUIDELINES FOR THE IDENTIFICATION OF MARINE FISH EGGS

By_
P. Bensam
Principal Scientist

{Central Marine Fisheries Research, ;pstitute, Coch__l

Guidelines for identification may  be considered under the
fellowing heads: L ‘

{1) Qccurrences-

Occurrence of early developmental stages in the
plankton and of spawners, spent, mature and/or recovering
stages in fish catches can be used to identify the former

- as belonging to the latter only in a circumstantial manner. .

Delsman (1922-1938) has made use of such a method for
assigning the early developmental stages; but, in additien_.
to this he has also assigned cogent*reasens'offtaxonomic o
nature in arriving at his conclusion. ‘ Thus, this circums-
tantial evidence of coincident oceurrence of the eggs in

the planktcn and\the spawning aduits in the fishery can

be only of limited value._

(2) Similaritv with ;_pe ovas

Apart frem the above guideline, another more valid.
guideline for identification of marine fish- eggs is the
similarities between the ripe ovarian ova of the parent
and the planktonic eggs in the early stages cf their
development.’ In fishes such as Setlginna and geleghoru
the eggs, after extrusion in the water do not undergo
increase in size due to hydration, as drawn attention to .
by Jones and Mencn (1951 aj, In such species, the size
range of ripe ova and that of the planktonic eggs remain
almost the same and hence the former is of great value
to identify the latter. But, in other species like

3
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Hilsa and Sardinella the eqgs undergo hydratlon on
progresses, thus alterlng the overall size of the
planktonic .egg from that of ‘the ripe -ovum (Jones and
Menon, 19%1 a). In the sardine Sardinops caerulea,
Miller {1952) has found that the eggs diameter has
increased from 1.15 mm at fertilisation to 1,64 mm
after two hours and to a maximum of 1.83 mm at 10 hours
after fertilisation., Although in such cases the overall
diameter of the planktonic eggy- is different from that

of the:ripe:ovaj.the diameter of the yolk remains'the
same as that of the ripe ova and is an useful”guideline"
for identifying'the eggs to the. species 'to which these
belong, as drawn attention to: by Ahlstrom and Moser '
(1980)., C i '

(3) E Eqq Size: ,

According to Ahlstrom and Moser (1980), most of
the marine fish eggs are in the size range of 0.6 to _."
1.6 mn in diameter. Bothid flat £ishes are knownto .
have small eggs of 0.5 to 0,8 mm; and pleuronectid. flat
fishes have large eggs of 4, 0 to 4.5 mm and eels have .
still larger eggs of about. % to 5, °© mm,, In fishes like
sardines and Angu1111formes, large sizes result due fc
hydration of the egg and progre551ve development of
perivitelline space."

(4) Eqq_shape (Fig.10): o .
o Planktoni¢ eggs of vast majority of merine fishes
are spherical, but there are some exceptions. For ‘
instance, the eggs of Stoléphorus and certain Callio-
nymus (Delsman, 1931) are ellipsoidal or globular (Fig.
10, A, B)., Scme - eggs of Stolephorus, such as those:
of S. indicus and commersoni are provided with a knot
at cne pole, The eggs of certain gobicid fishes are
attached to certain shells (Vijayaraghavan, 1973 b),
somewhat ellipsoidal in shape, elungate and stumpy
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and broader nearer the base (Fig.10,C). The attachment
is by narrow, short hyaline fibres that are fused to-
gether forming a sucker shaped ring-like foot; these are
also fused with similar structures of adjacent eggs.

{5) Chorion (Fig.10, D-H):

The outer egg capsule (also called egg shell,
vitelline membrane, etc.,) in most marine fishes is
smooth and uncrnamented, But, in certain groups of
fishes it is ornamented such as Myctophiformes, Gadiformes,
Pleuronectifofmes, etc, The ornamentation may be in the
form of 2 single swelling {(or protuberance) as in some
flat fishes (Fig.10, D) or in the form of an extensive
| honey comb-like polygonal network on the cuter surface
of egg membrane as in Chiroceptrus (Delsman, 1923)
(Fig.10, E), Saurida, flatfishes, etc, A less common
type of ornamentation is spination (Fig,10, F), present
on the eggs of Myctophiformes, certain exococtids and
allied fishes. In the demersal eggs of certain flying
fishes adhesive filaments of 12-19 in number and of
uniform size are present as in Cypselurus spilopterus
(Vijayaraghavan, 1975, (Fig.10, G}; and on the eggs of
Hirundichthyes coramandelensis there are three distinct
types of filaments (Vijayaraghavan, 1973a) (Fig.10,H).

(6) Inner eqg membrane:

In most pelagic fish eggs, the chorion is the
only egg capsule for the egg and an inner egg membrane
is absent, But, in certain fish eggs, an inner eqgg
membrane is present (Delsman, 1926), Ahistrom and
Counts (1958), the location of which may be either
very close to the chorion or away from it (Fig.10,I).

{7) Yolk:

£

The yolk is the most dominant'part of fish eggs,
usually seqgmented or vacuolated in lower teleostean
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groups:sﬁch'as clupeiformes hut is homogeneous'in most
of the higher teleosts. The yolk is usually unpigmented;
but in some groups it is pigmented as in certain Cyno-
glossus (Fig. 10, J).

(8) Oilglabule:

It may be absent in many species or groups as
in Engraulidae, Cvnodenti@ae} Gadidae, Pleuroneidae,
If prasent, there may he only .a singie nilaglobule as
in many sardines; but the number may be many as in
most Anguillaform eels, soleid and cynoglossid flate
fishes, ranging form less than 10 *c more than 50, the
largest numbers being in mest soleid flatfishes, Usually,
the oilglobule is situated at the vegetal pole. It may
be colourless usually, but in sardines it has a golden
yellow colour.  The single oilglohbule may range in size
frem less than 0.1 to more than 1,0 mm:in diameter,
Usually, the cilglohule is unpigmented; Lut in the
eqas of certain scombroids and Trichiurids, the nil-
glebule may be pigmented (Figt10; K).

(9) Perivitelline snace:

In most fish eggs which are "higher" in the
group and which have 2 hemogeneous yolk the perivitelline
- space.is narrow, hut in most fishes which are "lower"
in the group ‘and having vacuolated or segménted yolk,
such'és'eels, clupeoid fishes, etc., a perivitelline
space is present. Even in the latter categeory, a
perivitelline space is absent to begin with (i.e.scon
after spawned) but develops gradually; as observed by
" Miller (1952) in the DPacific sardine.

(10) Embryonic characters:

For the sake of convenience, Ahlstrom and Moser
(1980) divide the embryonic development in the egqg irto
three stagess (a) Early egg, from fertilisaticn to
closure of blastopore (b) Middle Egy, frem closure of
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blastopore to the time when the tail begins to curve
laterally away from the embryonic axis and (c) Late egq,
from the time the tail is curved away from the embryon1c
axis to the time of hatohing.-

The pace of embryonlc development differS'from'
species to species'group to group Mtc,'bécaUSe in some
cases the embryo undergoes organogenesis even before
the closure of blastopore (in early egg) while in others

organogenesis takes place only in middle and late eggs.

-‘Pigmentation usually begins in middle eggs ‘and reaches

maximum in late eggs. ' Pigmentation may be present on the
yolk and oilglobule also. Embryonic pigmentation is
usually aligned aleng the dbrsal_margin.of thé:body;

and if is only after hatching the pigment migrate

ventrally, But, in the case of the Japanese mackerel

(Scomber japonicus), the ventral ngratlon of the pigment
takes place during the embryonic period’ itself. In the _
vast majority of marine fish eggs and larvae, the flexlon
of the caudal fin (notochord) and the formation of the |
fins take place only during larval/postlarval development.
It is only in the eggs of | flying fishes that fleX1on of
the caudal fin and of ten the development. of caudal anal
and peIV1c fin precedes hatching.
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GUIDELINES FOR THE IDENTIFICATION OF LARVAE

By
. M..Kumaran

Principa;‘Scientist

(Centfal Marine Fisheries Hesearbh Institute, Cochin)
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The different stages or phases in the life history
of fishes markedly vary from the adult and the degrees of
difference vary in different groups. However, there is
no sudden metamcrphosis in:fishes and the change of form
is slow. The differences between the larvae and adults
of some fishes have led erronecusly to the descriptions
of the early stages of eel as Legtoceghalu Mdlidae as
Molacanthus and Ce taurus, Chaetodontidae as Thollchth

Schindleria as Hemirhamghus and Lampreys as Awmocoetus,
Later, these geheric names were given the status of stages

in the early life history of the fish concerned. It has

been frequently~generalised that there is higher develop-
ment in smaller sizes in the tropical areas than in
tqmperate areas, Larval fish development would conform
with this generalisation. In the tropics, the postlarval
period is short especially in marine teleosts where the -~
yolk is completely 2bsorbed by the second day. In
elasmobranchs which are ovoviviparous or viviparous true
embryo directly gives rise_to the juvenile since the

- uterine embryo gets nourishment from the pérent. In the

viviparous poecilids like Gambusia and Lebistes young
ones are only postlarvae.'“ T T

Changes that take place from the eéfly prolarval

i to the late postlarval stages vary in different groups or

families and no generalisation can be made. There is
considerable overlap in the size ranges at which the
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various transitions take place and the occurrence of
salient characters such as, the time of appearance of
chromatOphores, change in shape of -eye, changes in
body profile etc. show differences. . These factors
sometimes makes separation of growth stages dlfflcult
in many species, '

~

Size and shape of the body:

‘ The size of the newly hatched larva may vary
from about a millimeter to a few centimetres (eel) in
length. The newly hatched prolarva of Lejognathus ranges
from 1.2 to 1.4 mm, Engraulis from 2.2 to 3.0 mm, Epinephe-
lus from 1.4 to 1.6 mm, Sillago from 1.6 to 2.0 mm and '
Pleuronichthys from 3.6 to 3,7 mm, The prolarvae of
most of the Clupeidae,.Belonidae, Hemirhamphidae, ,
Syngnathidae, Synodontidae, end Blenniidae are elongate.
Slender bodied prolarvae are those of Sillaginidae,
Sphyraenidae, Bregmacerotidae, Cepolidae, Gobiidae,
Gerridae, Coryphaenidae and Cynoglossidae. The prolarvae
of Muraenidae and Ophichth?idae have an elongat:® ribbon=
-like body. The prolarvae of Mugilidae, Pomadasyidae,
Thunnldae, Scombridae, Scomberomoridae, Stromateidae,
Scorpaenidae etc. have short fusiform body. Thé pralarvae
of Ostraciontidae and Tetraocdentidae are globular in
shape, The postlarvae of flatfishes have deeply compressed
body and those of Platycephalidae, Pegasidae and Dacly-~
lopteridae are slightly depressed, :

Nature of muscle fibres-Counting of number of mxomereé&

Prolarvae of different groups could be distingu-
ished by the number of myomeres which corresponds generally
to the number of vertebrae in the adult and the general
" body proportions of the oldest metamorphosing stages
available. The prolarvae of Ballstldae Aluteridae,
Monacanthidae and Tetraodortidae have fewer than 24
myomeres, Mugilidae, Sphyraenidae, Carangidae, Mullidae,
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Lutiahidae etc. have 23=24 myomeres. The myomere number
in Clupeidae, Engraulidae, Thunnidae, Scombercmoridae,
Sillaginidae, Coryphaenidae, Belonidae etc. vary between
3H~50, Dussumieriidae, Cepolidae, mwmaamomuod»amm‘

Belonidae, o«soowommwamm etc. have a 1ittle more than

50 myomeres. qsm muraenid leptocephali could be Uuomaw<

divided w:ao &ic ouocnm. a majority ouocb of noaﬁmumﬁw<mp<

short forms smc»:o 120-137 myomeres and the numerically
insignificant group of longer ocnes with 180-216 3<oimnmm._
wmvﬁonmvumwcm of Muraenesox talabon has 136 myomeres of

which 58 are preanal. o o %

Delsman (1933) mmm.noaﬁmﬂmgpﬂ:o_macwd vertebral.

number of some Clupeoids with their larval myomeres counts

and has ﬁowSﬁma out, the differences ‘in the B<oamumm :cacmnm.
total as well as vnmm:mp. Since the total a<oaoum count

in the early nwcﬁmowa larvae is generally’ higher than the
adult vertebral number and gets stabilised only pmﬂmu in
the course of development, identification of nwcumowam
based on myomere riumber alone am< not be umwmmawm._ _
especially when ain_mﬁmnwmm having awwmmumnom in only
one or two myomere number is invelved. Identification
of prolarvae is reliable when the total 5<oamnm number
corresponds to adult vertebral. :cawmu if other Hmwmﬂma
species 5m<psa o<mﬂwmnvp:@ <mnamunmw numbers are not
involved, Kowala goval has .40 vertebrae and no other
related species has the same number. All the other
¢lupecids have more than 42 vertebrae and therefore
their larvae should have 42 or more myomeres. In a:m
prolarvae of’ Kowala coval &smnm are 32 preanal and. m
postanal myotomes. The larvae of’ moimnmmo<mw and
Stolephorus insularis are mwawwmn in mﬁﬁmmﬂm:om. But '
the larvae om S. insularis has 28 preanal myomeres whereas
the preanal a<oamuom of Kowala coval becomes 28 by the

.
monimua_m:wmaw:o of the <mnﬂ o:w< in macm:omg postlarval

[ R

]
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stage. The caudal fin shows the beginning of heterocercal

coridition only when the larva reaches about 8 mm (Bensam,
1969). | |

' In the prolarval stage of carangids measuring
about 2 mm there are 29 mycmeres of which 13 are preanal
and 16 postanal. But, in slightly advanced stage of
2.1 mm, though the total number. of myomeres _remains 29,
the preanal myomeres is 11,

In the prolarva of Xiphias gladius measuring 3.2 mm,
the vertebral column is straight and tapers posteriorly
without any upturn (flexin). The caudal fin though
homocercal at about 7.6 mm, the hypural bones haye partly
develaped and the vertebral column is partly visible. -
The myomere formula of some of the larval tunas is 18 +
21 which tallies with the adult vertebral number 39 and
~this enables to distinguish them. The urostyle generally
.makes its appearance in the early postlérval phase (3.2 mm)
with the evidence of hypurals ventral to it in'Psebes
cyancophrys. In this species the myomeres at the posterior
region of the body are clear, forming 2 zig-zag pattern
(Legapsi, 1956). In Bregmaceros the vertebral column
remains straight'é?eﬁ after the larva attains 4 mm and.
the elements of the urostyle begins to develop only at
about 4,8 mm (Clancey, 195%6) .

Alimentarv canal and position of vent:

‘The alimentary canal is visible through vertical
muscle strands in most of the prolarvae of Clupeidae,
Engraulidae, and Dussumiériidae_as a straight-tract.
Sometimes the midgut region is slightly swollen in the
late postlarval stage. -In Cynoglossidae and Soleidae
the anterior part of the alimentary tract bulges out like
a sac. Changes in the alimentary canal take place gradually
as the yolk is absorbed.

The vent is generally situated behlnd the midpoint
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of the body in the prolarvae of 01Upe1dae Dussumieriidae,
Engraulidae and S?nodontidae. _The vent is far forward
in the prolarvae of Brcgmacerotidae Atherinidae,

{ Trypauchenldae and-Blenniidae. The vent is almost below
~ the middle of the body .in the prolarvae of the families

Helocentridae, Apogcnidae, Gobiijdae, Slllagzn1dae,
Carangidae, Lutlanidae, Thunnidae, Scorpaenidae, Cepolidae,
Opisthognathidae, Scomberomo:idae, Coryphaenidae, Sparidae,
Champsodontidae etc.. Vent is' situated far behind the

~middle of the bhody in the prolarvae cf Apodes, Hemirham-
phidae, Exocoetidae, Pistulariidae, Sphyraenidae, Platy-
_cephalidae and Cephalacanthidae. g

: " In the newly hatchedAprolarvae of Caranx sp |
measuring'1.73 mm there are 13 preanal and 16 pcstanal
myomeres. The gut is short and opens immediately below

the 13th myotome. - In a slightly advanced 2,04 mm stage

although the gut remains tubular, the vent has 3hifted
anteriorly. and opens ‘below the 11th myomere (Kuthalingam,

- 1959), 1In leptocephali of eels the vent situated about .

the middle of the body or in the posterior half progressi-
yely shifts towards the anterior region as growth advances.

- In.an advanced stage of leptocephali which is about 60 mm,

the vent which: has'éhifted stil) further anteriorly is
situated opposite to the 88-90th myotome. S

Orig;n and location of gagred and unpalred fins-

Continuous finfold~is present’ in the prolarvae

.of Bregmacerotidae, Serranidae, Theraponidae, Carangidae,

Coryphaenidae, Lutianidae, Gerridae 'y Opisthognathidae,_

'ISthphcridae, Trypauchenidae, Cynoglossidae Soleidae,

Pleuronectidae, Leiognathidae, Platycephalidae Cephala-
canthidae etc, 1In the prolarvae of Bregmacerosz the

‘continuous finfold is seen in the region of the first

dorsal whereas the second dorsal apd caudal fins give

 very slight indicatiops of ray formation and the pelvic

fin is composed. of two short rays.
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_ Two separate dorsal finfolds are found in Mugilidae,
Apogonldae Mullidae, and Gobiidae in the prolarval stage.
In Carangzd prolarvae ‘the dorsal and anal finfolds are
broad and rudiments of pectoral are visible. In fishes
with 2 dorsal fins and 2 anal fins (eg. Bregmaceros), the
j_fin'membrane “appears to be continuous in_thé_é&5f§6nic
'stage itself, but these would be later divided into two
groups, i.e. dorsal fins and anal fins with undeveloped
short rays between them. It is difficult to distinguish
a break between the two anterior groups, especially in the
early stages. Sometimes a tuft or g:dup of tufts are
seen at the base of the pelvic fih of more developed
prolarvae of Bregmaceros, -

-

| In Pscnes cyanophrys 2.5 mm prolarva the dorsal and
anal fins though rudimentary are confluent with .the rounded
caudal. The pectoral fins are set on a fleshy base and

are rounded, with evidence of developing finrays in the
 prolarva_ Below the bases of the pectoral fins, rudiments

of the pelvic fins are present, In a slightly advanced

3.2 mm stage, the first dorsal fin is seen in the finfold
stage, whereas the second dorsal and caudal shows indications
of rays. '

In leptocephali prolarvae, pectorals are absent
but a minute bud-like protuberance on each side immediately
behind the gill opening represents thém. In Muraenesox
‘"talabon, the dorsal originates opposite the 42nd myomere
‘approximately between the snout and vent and the anal
just behind the vent between the 97th and 98th myomere.
Both the fins are continuous’ with the caudal and the tail
is nearly 5.5 in total length. Dorsal origin in lepto-
cephali shifts forward as growth advances in the prolarval
stage. In the postlarvae of clupeocids the predorsal length
- is about double the postanal length, The pelvic fin in
clupeoids originates in the form of a bulge in the
prolarval stage. The caudal region is rhomboidal with
a few striations on the dorsal and posterior aspects
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and the caudal fin shows the beginning of heterocercal
condition. : '

Changing pattern of pigmentation: -

Based on the intensity of pigme ntatlon, prolarvae
falls under four broad categories. The prolarvae of
Holocentrldae Belonidae, Balistidae, Coryphaenidae,
Blenniidate, Pegasidae, Istiophoridae and Cephalacanthldae
are heavily pigmented. Only some parts of the body are
pigmented in Exccoetidae, Atherinidae, Theraponidae,
mullidae, Stromatcidae, Lobotidae and Platycephalidae,
Only ver? few pigments are found in the prolarvae of '
Engraulidae, Apogonidae, Serranidae, Leiognathidae,
Scomberomoridae, Thunnidae, Pleuronectidae'and C?noglo-
ssidae. The prolarvae of Gobiidae, Trypauchenidae,

" Bothidae and Soleidae are almost without pigments.

In the 1eptocephall of eels, chromatOphores are
generally present in the heart region and a row of 5 to

6 chromatophores on the sides of the posterior half of

the lower jaw,- An irregular row of minute thométophores
is present along the base of the anal fin and alongﬂﬁhe
ventral mergin of the gut; A dendritic black chromato-
phoxre is found on either side below the gill slit. 1In
the prolarva of Muraenesox talabon (65 tm) four stellate
chromatOphores are present, one along the margin of the

‘sides of the upper lip, one anterior to the posterlor

nares, one below the,orp;tcand another slightly behind
it, Chromatophores are present in the posterior region
of the head. A Tow of similar chromatophores is evident
along the entire length of the alimentary canal, and
ancther row immediately below the spinal cord on all the
myomeres except the first ten. Slightly less distinct
chromatophores are present at the base of the anal and
caudal -fins. | '
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Pigmentation pattern is an excellent diagnostic
character in ideﬁtifying larval tuna where the fins are
not fully developed (Matsumoto, 1958). Pigmentation
begins to appear in the-earlY'prQlarvai stage. In
scombroids, the first dorsal fin is heavily pigmented.

A few faint chromatophores are visible at the anterior
basal portion of the second dorsal fin, which is otherwise
colourless., A darkly pigmented area colburs the top of _
the head and extends forward tc the brain region.. Scattered
chrvmatophores in the peritoneum are visible through the
body wall, particularly in the abdominal region. ”

In carangid prclarvae, brown and yellow pigmeht
spots are scattered all over the embryo, yolk mass and
faintly developed finfolds. Black pigments are prééeht dn
the inner surface of the oil globule and on the margins
of the émbryo. In a slightly advanced stage of 2.02 mm,
yellow chromatophores are present on the finfolds, on_
the dorsal and ventral margins of the myomeres, on the
yolk sac and pectoral rudiment. Black pigment cells
are found on the oil globule (Kpthalingam; 1959),

In the prolarvae of Pgenes cyanophrys measuring
2.5 mm the chromatcphores are quite evenly distributed
“on the head and nape, scattering through the cheeks and’
opercle, A few are also scattered at the base of the
pectoral fins, on the side of the body cavity and on the
ventral side of the body to the fip of the vertebral
column. In a slightly advariced 3.2 mm stage, the
‘chromatophores remain as such, but present on the dorsal
side of the head in the form of a crown {Legapsi, 1956).
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GUIDELINES FOR IDENTIFICATION OF POSTLARVAE

By
M. Kumaran
Principal Scientist

(Central Marine Fishefies Research Institute; Cochin)

A

Introduction.

From the morphological resemblances and the progress
of changes in morphology accompanying growth, it is ﬁossible
to trace the. develoﬁméht of fishes. However, the easiest
means in identifying fish larvae is to 1dentify the 1argest
stage and work down to the smallest.

Structure and shape of the head trunk and tail*

Bony structures. are found on the head in the post-
larvae of Syngnathidae, Peg351dae, Ostraciontidpe and
Dactylopteridae. Spiny scales begin to form in the:

‘postlarvae of Balistidae, Aluteridae, Cephalacanthidae,

Diodontidae and Tetrodontidae. Postlarvae in some
families like Lobotidae, Holocentrldae, Cepolidae,_
ChampSOdontldae, Siganidae and Platycephalidae develop

a bony crest of diverse types on the nape. Holocentridae,
Istzopbaridae, Cephalacanthidae ‘and Dactylopteridae have
a prbminent spine on the: supraoccipital part of the head.
Freorercular spines are a common feature in the post=
lazvae of Holocentridae, Therapbﬁidae,,Carangidae,
Coryphaenidae, Scomberomoridae; Istiophoridae, Thunnidae,
Lutianidae, Cepolidae, Sertanidae, Lobotidae, Pegasidae,
Leicgnathidae, Menidae, Sparidae, Platycephalldae, '

: Champsodcntidae and Scorpaenidae. Postlarval stages of

Scombridae, tahridae,.Gobiidae,'Trypauchenidae, Clupeidae
etc, have no preopercular spines., Scorpaenidae, Stroma=-
teidae, Cephalacanthidae, Cepclidae, Holocentridae,
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Istiophoridae and Champsodontidae have a bony ridge
above the eye in the postlarval stages, Postlarvae

of Holocentridae, Istiophoridae, Xiphiidae and Pegasidae
have protruding snovt. A barbel is ¢generally present

" on the chin in postlarval Exocoetids. Champsodontidae
have an elogated tentacle on the opefchlum.} The mouth

in the postlarvae may be oblique (Hemirhamphidae, Exoco-
etidae, Bregmacerctidae, Apogonidae, Leiognathidae, |
Caraniidoe, Lutianidae, Serranidae and Opisthognathidae),
inforinr (Mrliccentridae, Cephalacanthidae), subterminal
(Engraniicre) or tube-like (Fistulariidae, Syngnathidae).

o Larce size of the head relative to the rest of
the body, the sharply pcinted snout with well developed
teeth on the jaws and prominent preopercular spines
distinguish scombroid larvae from others. The preoper-
cular spines gradually get reduced from above to below
and in the postlarvae extend to beyond the operculum in .
Scomberomorus guttatus, whereas in the corresponding
staces in S, commerson the second spine situated at the
angle of the preopercle is conspicuously larger than the
next and it extends heyond the operculum., The preoper-
cular spines which are present in the larvae and early
juveniles of most scombroids are absent in Rastrelliger
kanagurta. Thus, the absence of preopercular spines is
a useful criterion in identifying and isclating the
postlarvae of Rastrelliger from those of other scombroids,
In R, kanaqurta at about 8,6 mm the shape of the head and
the body, particularly the dorsal and ventral profiles
are markedly adult-like and the transformation from the
larvae to the juvenile is at about 9.5 mm, Silas and
George (1971) state thot during the larval and metamor-
phosing stages of Vinciguerria nimbaria a progressive
increase in the length of the head upto the postmeta-
morphic stage takes place. The head which has a2 more
or less truncate snout in the larval stages, assumes the




 of the second dorsal and anal fins and incipient caudal
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general shape as seen »:.w:m juveniles and adult in the
postmetamorphic stages. There is a conspicuous increase
in the depth of the body on &Hm:mpﬁpos from larvae. aruoco:
demEOHU:OmM:@ stages. _

Disposition of fins and their rays and spines:

As growth advances, the larval fin characters
become pronounced while the adult characters make their
appearance. Progressive shifting in the position of the
dorsal and -enal fins is a general feature in the develop-
ment in the postlarval stages om.am:% fishes. In the

postlarvae of Rastrelliger kanagurta measuring 5.4 mm

there is a general change in the body form and fins during
the flexion procéss, (Silas, 1974). Indications of
differentiation of the median fins are Sseen in the anlages

rays are also mmmsf As growth progresses from the larval
to the bom&BOﬁmBoHﬁ:Mo mam@om- there is a Hmwm&»<m amonmmmm
in the predorsal distance and a slight reduction in the .
preanal length. | o |

In the ow<oH om cels, the vent and the chmmw
have shifted still further anteriorly ovuomwam the 58th -
and 12th myotome respectively and the caudal fin becomes
nop:ﬁma. In the postlarvae of xwm:nmm mwmawc measuring
6.9 mm, the dorsal and ventral fins are separated from
the caudal mpd and the fin rays appear. The caudal = ~
fin is still homocercal and the vmw<wn_mn:m appear as
small buds between the bases of pectorals, In Rastre=

iliger kanaqurta the paired fins in the larvae upto 8 mm

do not show any ossification of rays, while the median’

fins are fairly well developed. Among paired and median . ;
fins it is the caudal fin that shows more rapid develop- .
ment and the earliest wnawnmw905 of ossification of the

rays Amuwmm. 1974). This is evident in larvae above 5 mm

and by the time the larvae are about 9 mm, most of the
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audal rdys are 0551f19d.

Development of the flns in the postlarval stages

is notlceably rapid in Psenes cyanophrys. (Legapsi, 1956)
The relatively small pelvic fins of P, ¢ xanoghrz "helps
to distinguish it from the postlarval stages of Carangidae
to which it bears close resemblance. All the fins are
present although rudimentary and not well differentiated.
Tht pectoral fins in P. cyanophrys are set on a fleshy -
base and are rounded, with evidence of developing rays. .
Spines:deﬁerep on the dorsal and anal fins which have
startad_differentiating from the expanding caudal fin,
The pelvic'fins have grown but thé ventral ;sheath is
not yet visible, At about 4,7 mm the pectotal fins have - .,
several fully formed rays with indications of more in
formation. In the pelvic fins a single spine develop
and the fin ray elements are présent. The dofsal and
anal fins which have completely separated from the caudal
have developing spines, but none of the fin rays is
completely formed. The caudal is well defined, rather
truncéte preparatory to forking; Spines and rays are
almest fully formed in the dorsal and anal wheni the.. o
postlarva reaches 6, 9 mm. The pelvics are almost fullf'
 formed ‘except for a complete adult fin ray ‘count,:- Caudél
- fin with fully developed middle rays has a shaXlow cleft
giving it a slightly emarginate posterior margin, When

_ the larva reathes 9 mm, the pectorals assume'a:more )
. ‘definitely pointed shape and ray counts are those of

~ the adult. Dorsal and anal have adult counts, The 4

_nelv1c fins are fully developed and distinctly smaller
" than the pectorals. - -

In the postlarvae measurlng 5.4 mm of Kowala- ctoval,
‘the pectoral fin is rounded with a few striations repre=
senting the future rays (Bensam, 1969)., The predorsal
length is almost double the postanal length. . The pelvic
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measuring 5.4 mm, a melanOphore is present at- the base

of the urostyle and two at the distal margin of the hvpural
plate (Silas, 1974)., On the ventral side of the abdomen
there is a distinct melanophore and the primordium of

the pelvic fin appears closec to this. In a 6.6 mm stage,
cne or two chromatophores are present in addition at the
base of the caudal fin just below the tip of the hypurals,
besides_the two at the lower caudal base, " Only four '
'mélaﬁophorés are present at the'poSterior half of the base
of the ansl £in, while six are present at the anal finlets
and the lower side of the caudal peduncle. In the late
postlarva cf mackerel, the ba51c pattern such as the post
vent row of chromatophores, their numbers and dlsposit;on
‘with size remain the same. The basic pattern of absence
of branched chromatophores on the Eead'until'the:Enlages
of the hypural plates are formed is seen in thg'larva. |
Thé'post-vent row of melanophores vary from 113to 14 and
their number decrease with growth, The number and dis~-
" position of melanOphores at the base of the caudal fin
" in the nostlarvae show 'slight variations. The chromato-
phores on the dorsum of the viscera and intestine are
sometimes diffuse (Silas, 1974), In Scomberomorus,
chrematophores are present in patches at the. tip of the
sncut, above and between orbitals, above thg region of
the hind brain and in the posterior region of the opercle
(Jones and Kumaran,'1962). On the body the? are present_
clcse to the base of the dorsal fin and alopg the mid»
latérzl line and a few at the base of the caudal and anal
fins. The anterior region of the first dorsal is slightly'
sigmented.

In Psepes cyanophrys postlarvae measuring 4.9 mm,
chromatophores are seen on the head and abdominal regions
(Legapsi, 1956). In an advanced postlarva of 7 mm the
pigmentation of the gut has intepsified and numerdus
chromatophores cover the body. A row of ‘melanophores
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is seen along the anterior portion of asm aoﬁmmH Hpaom
and slight traces of the dorsal Umanrmm Hmamwa. In
larger vOmaHmncmm. ﬂsm aoa< oznoamﬁousoumm ‘seem ao mOHwos

" a definite nmeamuu, those  of the gut: forming vértical
,h.pmauwvmm._ >Ho:o the . aowmmp ‘ridge &Eo uoam of osuoamaov:oumm

are seen mmumwm&mw< Spamw< ms&mupouw< m:a m:mn:a nomﬁmﬂwoaw<.

. ‘When ﬁrm Jlarva moncuumm adult characters at about d& mm
- the p:ambmnﬂ< of ﬁ»oamsﬂmﬁwo: increases in nzmmm regions
. Hﬁpww the ppstlarvae attain a 'dark. mvvmmnm:nm.

e A owmumnﬁﬁa»mawazwaum:omam:a nakuwaammﬁm&waﬂ

__ﬁmwwows is present in Bregmaceros mnm. a:nocnroca.arm

early nOmemHamp_mwmmmm Anymsomwm 1956). In.the early.
postlarval stage, chromatophores are seen’in the head
region, at the interorbital space behind the eye and below
the mouth. On the body, chromatophores are found posterior
to the head, mwomm drm,mC¢.Hmawoa_mba posterior to the

~pectoral fin. _mocw;nwmawdn&_nmwn:mm are found dorsal to

anal finfold and two umﬂn:mm are <m:anmp ‘to the dorsal

‘finfold. ésm: the: postlarva: pm u 2 mm, vwoamsdmwwos is

more intense amnmcmm nsuoamﬁov:owmm hinder to the eye
have expanded forming a band extending across the head
and showing patchiness behind the eye. O:Hoamﬁouroumm

appear along the cvvmw m:a wa&ma.umSm. vwoamaﬁmawov

of ﬂsm gut: has dmooam aoﬂm intense and three ammWswdw<m

.n:noam&ouronmm are seen near the vent, Chromatophores
. are vammmza Um:w:a the head and vomﬂmﬂwoﬂ to the pectoral

fin. The four patches dorsal to the a2nal fin aze Hmnamu
and more intensé. The patches below the dorsal fins

now appear mm.monﬂ.wmnomu groups. In an advanced post~
larva of 7 mm wwmuvwoam:&mwpos has intensified and
numerous oswoamaovvonmw cover tRe body. A Trow of-chroma~
tophores is. seen along the anterior vouewoa of the QOHmmH.
ridage and mwwa:& traces are mﬁwww discernible, In larger

_vomdwmu<mm the :cavmu of nsnoamdov:oumm has p:onommmn

and these are momﬁdmuma ¢wuocozocﬁ arm Uon<.

.
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Myomeres and myosepta:

| The number of myomeres in the postlarvae of
Rastrelliger”'anagurta are variable until the furlscomﬁie-
ment of myomeres. is formed oy:thé time the larvae attain
4 mm (Sllas, 1974) Myomeres grow obliquely with zigac~
ging in most of the segments by about 5.4 mm. The flexlon'_
©of the notochord begins at about 5 mm and the simultaneous
£ormetion of the hypural plate also coincides With the
Sicaanging of the nyomeres,

©orneoof the eye in flat fishess

According to Jopes and Menon (1951), the duration

of metamorphosis varies in different flat fishes, In-

Brachirus pan the pelagic life is short and transformation o
takes place early. The migration of eye is first indicated
in the 3.4 mm stage and appears to be rather quick. At
.about 4. 6 mm. stage the left eye. reaches the dorsal edge
and comes near tc¢ the right side when the fish becomes

a postlarva, Among 7lat fishes Bothgs_gantnerinus may
be an ekamp}e of late metamorphosis. Thé'position of the
eye in the postlarva of CTynoglossus lingua shows a condition
¢ifferent from that of Brachirus pan. They are 5o close
that they appear to touch ona another."buring the first
phase of migration the eyes become very close, but later
these graduallw NOVe apart to glve rise tc the condition
in the adult,

Duvelogient of scates.

- In ClUpQOlGu, scalus »egin to appear when. the .
larvae are abou,j -16_mm in length. The scales are not
formed,uniformly'aIlJovér_thé*body, On the dorsal side
anterior tolthé dorsal fin, these are formed subsequent
to the other regions. The scales are very thin:-and fall
of f very easily. The scutes bogin to develop in the
juveniles of more than 20 mm an¢,3re formed in front of
the pelvics and then qraaunl¢y’ﬁlonc the ventral edge
of the abdomen. In macxe:e¢,_1a5urellig 2r kanagurta first
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signs of formation of scales are observed in specimens
of more than 20 _mm (Balakrishuan and Rao, 1971). 1In

'VinC1guerr1a n;mbar;a Silas and George (1971) ‘observed

in a stage ‘6f 15.3 mm that the scales are deciduous and
scale pockets are discernible on account of the fine rows
of pigment Spots. - ' -
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CHARACTERS AIDING IN'THE:IDENTIFICATION QF EGGS AND LARVAE
OF MAJOR GROUPS

By

P, Bensam
Principal Scientist

(Central Marine Fisheri»s Research Institute, Cochin) -

'The various characters of the eggs,larvae,postlarvae of
marine fishés as summarised by Ahlstrom and Moser (1976) may
be considered group-wise, as follows., A perusal of |
the publications by Russell (1976}, Jones, Martin and
Hardy Jr. (1978), Fritsche (1978), Hardy Jr. {1978a,b),
Johnson (1978) and Martin and Drewry‘(1978) will also be
of much use in this regard.

(1) Clupeiformess

The Order Clupeiformes is composed'of the Indian
species of sardines (Sardinella), herrings (Ilisha,
Pellona, Opisthopterus), shads (Hilsa), anchovies
(Stolephorus, Ihryssa, Coilia, Setipinna), wolf-
herring {Chirocentrus) etc. The characters aiding
in the identification of the Indian species have
been summarised by Bensam (1971). The eggs of all
the species have a vacuolated yolk eggs of anchovies
elliphical; chorion unornamehted; berivitelline |
space 1is quite wide in sardines but narrow in
anchovies; single oilglobule present in most sardines,
mony in Escualosa, Nematalosa, Setipinna, Ccilia,

etc; embryonic pigmentaticn on the dorsal side
present only in serdines, Larvae are pelagic,
transparent, elongated, with anus situated far
behind; Pigment spots present on the dorsal s}de
of early larvae of only sardines: In newly hatched
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larvae, the hinder end of yolk sac is globular and
rounded off in sardines, but pyrifcrm in anchovies;
myomeres have an andular appearance and muscle fibres
have a crossed arrangement, The position of vent chrnges
with progressive development, thus altering the wrean..:
and postanal number of myomeres. In postlarval develo -
ment, the disposition of the dorsal fin in relation to
the anal fin changes; in early postlarvae there is a
slight increase in pigmentation and in late postlarvae
‘the pigmentation increases; scales 2nd scutes reccgnisable
in the late postlarvae when the vent also occupies the
adult position. |

(2) Anguilliforges:

This Order cecmprises the eels, such as the Indian
Anguilla, Echidna (Muraena) Urocopgir, Muraenesea,
Ophichthus, etc, The eggs are pelagic, spherical, with
smooth chorion, vacuolated yolk, perivitelline specie wide
and have one or more oilglobuyle, Larvae hatch out as
leptocephali, withysuallya straight gut and with a marked
transformation to juvenile condition. Nair and Mohamed
(1961) may be consulted for details in the development
and metamorphosis. '

(3) Gono;hvnchifcrmes:

Represented only by a single species Chanos
chanos found in India also, the eggs and larvae have
many Clupeiform characters; but the muscle fibres have
a parallel arrangement and not a2 crossed one,

(4) Myctophiformes:

In India this Order is represented by the Bombay
Duck (Harpbdén nehereus), lizard fishes (Saurida, Trachino-
cephalus), etc, The eggs are pelagic, spherical, with
hexagonal pattern in some (Synodidae-Saurida, Trachino-.
cephalus), yolk may be segmented or homogenédus, perivitteline
space narrow and usually 2 single oilglobule is present.
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'The larvae are elongated, gut is straight or varicusly -
shaped, head spination may or may not be present and
transformation may b- 2ither gradual or marked.Postlarvae
with conspicucus ventrolateral spots of pigments.

(%) Atheriniformes:

In India this order is predominantly represented

by the flying fishes (Exocoetus, Hirundichthys, Cypselurus),
the half-beaks (Hemirhamphus, Tenarchopterus} and Garfishes
(Belone or Txlosg:usz. Eggs mostly attached to other objects
such as plants by means of well developed chorionic filaments.,
Usually mcst of the fins develeop within the embryonic’ period
itself; and the postlarvae are mostly pigmented. '

(6) Perciformess:

This is perhaps the most diversified of all fish -
orders and the largest vertebrate order, encompassing the
families of Indian salmon (Polynemidae), barracudas o
(Sphyraenidae), grey mullets (Mugilidae), mackerels, tunas,
seerfishes (Scombridae), horse mackerels (Carangidae),
perches (Epinephelidae), etc. ‘The characteristlc features
of some of these families are summarised below-

(a) Carapgidae:

Eggs pelagic, Spherical with a 51ng1e oilglobule,
most species with segmented yolk and. embryo, yolk and _
oilglobule pigmented. Alimentary canal short in the larvae,
the body of which are pigmented. Pigmentation increases
in postlarvae and juveniles,

(b) Sc;eenidae:

Characters of eggs and larvae almost the same as
those of Carangidae, but the yolk is homogeneous and un=
segmented, Alimentary canal of larvae rather short with
anterior anus, Postlarvae with distlnctly obllque mouth
and dense pigmentation.

s
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(¢) Scombridae:

Eggs, pelagic,-Sphericai, with homogeneous
yolk, with a éingle oilglobﬁle and embryo as well as
oilglobule with pigmentation. Alimentary canal df larvae
short with anterior location of vent. Snout becomes
prominent in later postlarval stages. Presence of
precpercular spines is characteristic of the postlarvae
of most genera but are absent in mackerels.

(d) Gebiidae:

Eggs mostly demersal, attached to submerged .
objects, shapes rather jrregular, sometimes elliptical,
characterised by enormous protplasm and little yolk and
with little pigmentation. Larvae elongated, with position
of vent at about the middle of the specimens.

(e) Sphyraenidae:

Eggs pelagic, spherical, with an oilglobule,
yolk segmented and the embryo as well as the oilglobule
become pigmented as development progresses, Larval vent
is placed towards the hinder end of the body which is
pigﬁented, Postlarval development characterised by
elongétion of the snout.

(f) Mugilidae:

Eggs spherical, with a large oilglobule, which
becomes pigmented along with the embryo and the yolk, as
development progresses., Larval body and oilglobule
usually heavily pigmented, Position of vent is almost
at the middle region., Postlarval development characterised
by dense pigmentation.

(7) Pleuronectiformes:

This order comprising flatfishes is made up
in India cf Indian halibut (rsettodes), lefteyed flounders
{Pseudorhombus , Arnoglossus, Psettina, Bothus) right-eyed
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soles SSolea,S!nagtgra) and left~eyed soles 5anoglossus).

The eggs are predominantly pelagic and seldom demersal,
spherical, usually with smooﬁh chorion°but with hexagonal
pattern in'eome_sbeqies,'yoik homogeneous, perivitelline
space is narrow and oilglobule is either absent or if
present one or many in number (Embryo)and yolk sac may

- be pigmented Latrvae ere.with a coliled gut, with head

spination and metamorphosis is marked with migration of
one of the eyes to the other side in cases where both
eyes are on one side. '

(a} Bothidae:

Eogs pelaoic, spherical having hemogenous yolk,
with a single oilglcbule and pigmentation of. embryo, -
yolk and oilglobule. Larvae with good pigmentation and
position of vent at about the middle of body, which shifts
forwards during postlarval development...Body_becomes\

_broader and_the right eye shifts to the left side during

metamorphosis. First dorsal fin ray usually 1ong during
postlarval phase.

(b) Pleuronectidae'

Eggs pelagic, spherical, having homogenous yolk
usually without an oilglobule and the embryo with dense
pigmentation. Larval pigmentatlon usually becomes '
1ocalised5as a few bands as development progresses,
Postlarval development marked by a lateral broadening

‘of the body, and shifting of the left eye to.the right

side,involving metamworphosis,

(¢) Soleidae:

P

- Pelagic, spherical eggs, with a number of oil
droplets, with homogeneous yolk and with stellate
pigmentation for the embryo.and the yolk.' Larval
finfold sometimes shows stellate “pigments. During
postlarval development there is a. metamorphosis invol-
ving the shifting of the left eye to the right s;de.'

T e
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Eggs pelagic. spherical, yolk homogeneous, with
many droplets of oilglobule. In advanced’ stages the
~embryo is.pigmented with stellate,chromatophore cn its
body and larval finfold. A tentacle develops dorsal to
~‘the head in early postlarval stage which is actually the
future first dorsal ray followed by the development of
the second to a few more rays in further stages,
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QUﬁNTITATIVE STUDIES AND 3ROJECT IONS OF MARINE‘
FISH EGGS AND LARVAE

By

Rani Mary: George
 Scientist (Selection Grade)

(Central Marine Fisheries Research‘lnstitute, Cochihz

Renular sampling of fish eggs and larvae is essentlal

"for locating sho“ls of adult fishes and thezr spawning and
‘nursery grounds. The implication of such: studies in the
~estimation of spawning biomass is well stressed and docu-

mented by various authors (Ahlstrom, 19683 Tanaka, 1973;
Smith and Richardscn 1977; Regner et-al., 1981). The
following technigques are used for est;mation of the'npmber
{quantity) of eggs and la*vée in space and time as well

as for theilr progectlons for flsherles research and develop~
mental programmes.

Sampling for estimation:

Fish eggs and larval surveys have to be_designéd_'
to overcome. problems arisihq from spatial and temporél'
variations. Hence surveys have to be’ planned to cover
all the spawning areas and seasons of the target species,

With this in view, the Chief Scientist, the Captain and

the technicians of the Ship plan the cruise and fix the
stations. There are a lot of ways to distribute the
stations over the survey area, From the statistical point
of view, ke random distribution of the stations will give

! best results, but this will consume a lot of ship's time.

. Cnlebrzook (1973) has-examined the_different sampling -

. patterns and he emphasizes that the evenly spaced grid

in time and'space'has many advantages., It has been found

i by Switzer (1967) that a 2:1 rectangular grid is the most
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convenient one for estimations and projections of the
availability and abundance of fish eggs and larvae.
After the plankton sampies are taken ashore 2 measurement
"of the wet plankton volume, determined by displacement
method is mede. For this, the presgrving liquid is
removed from the plankton by pouring the sample through
a calibrated filtering cone (Volume determiner) made of
0,33 mm Nitex. The plankten is retained in the cone
until the drainagg.of liquid from the cone diminishes .
to an occasdonal drop. The volume of the drained plankton
“is then determined by using an zutomated burctte. It is
recommended tc sort cut total samples for fish eggs and
larval studies, Only in the case of 'very large numbers
of eggs and larvae, samples can be divided into subsamples
"and one or more of them scrtéd, In that case samples _
can be fractioned into alicucts using plankten $plitters,
such as Folsom Splittér_(McJEwen et. al., 1954), The
Bogorov's counting tray is cné of the best type of
containers used for Sdrting and rounting.ichthyOplankton
(Newell and Newell, 1963). A small qua ntity of sample
to be sorted is poured inte the counting tray and its
contents are closely observed under ‘the dlssectlng
nlcrObcope.' All the fish eggs and larvae are removed
with a dropper and forceps, counted and placed in appro-
priately labelled dishes., After the eggs and larvae
have been sorted cut, its remaining contents are poured
into 2 beaker labelled 'sorted', This process is '
reprated until the entire samble or aliquot has been
completely sorted. The total number of fish eggs and'
larvae removed f:om the plankton sample is recorded on
the 'Ichthyopldnkfo Sorterts Work Sheet'! which glves
a list of 211 the gLan/SpeCieS llkely to occur 1n the:'h_
sample on one side of the page, For this, all that is
needed is to tick in the appropriate column of the -
identified egg or larvae and then to finally count the
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ticks when. the sample has been worked over completely,
Technlcians who sort fish eggs and larvae must be tralned
to 1dentify and separate eggs and larvae of the common
families of fishes, It is advisable to establish a
reference ccllecticn'of identified fish eggs and larvae
of important species in order to facilitate easy identi-
fication by compavison., Once the egys -and’ larvae of.
selected species are identified at the sorter's level,
these gan he enumerated and recorded separately, Before
bottl;ng, egas cr larvae of the sclected species may be
measured and ‘the lengths recorded-in- data sheets., After

- the data are reccrded the eggs and larvae are bottled for

storage with appropriate labels. Identifications made

at sorting level are rechecked b? éxperfs. After sorting’
all the samples fram a cruise, a plankton borter s sheet
is prepared, '

_ The -purpose. of the abcve studies is te estimate
the number of eggs and larvae in each plankton haul to
the number under'a unit aresd of sea surface and for this

" the following formula is used, ' *

C = 10'(8'1b-1c,d)-v

. where 'C' is fhe number of aeggs cor lérvae hbeneath a unit

surface area (10 square metres in this case), tat is the
area of the mouth of the bongo net in square metres:

'h' is the 1cngth of thc tow path in metres; 'c' is the
number of eggs or 'larvae in the sample° and 'd' is the
max1mum depth of tow in metres, ‘

The value 'a' is derived from the equation:

= Tr2 |
The value 'b' is derived from the calibrated flowmeter:

= fr
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where 'f' is the calibration factor in metres per revolution
(m/rev) for a given flowmeter at a given number of revolu-
tions per second; and 'r' is the number of revelutions
of the flowmeter during the tow. The value *d' is
determined from the tow data by the equations

d =W cos (tan™! T)

~ Where 'W' is ‘the maximum length of_wire out in metres (m);
171 is the average tangent of the wire angle taken. at 30
saconds intervals during the recovery phase of the plankton
tow, ' ' | ' |

Thus,.for an example where 'a' is 0.2827; 'b' is T73;
'd' is 199 and if 50 larvae (¢ = 50) were taken in the
sample, the soluticn to the equation would be:

‘ _ 1 1

C = 10 (0.2827 X X %0 x-199).

455 larvae per 10m2 sea surface;'

i

The data so estimated may be compiled by area or
station and time, with regard to the numberlof_eggs and
larvae per unit area {such as 1m? or 1m3 water filtered).
Apart from the general information concerning the station
such as 1ongitude, latitude, depth, timp;'weather,'etc.,
the hydrological parameters at different depths may also
be noted.
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'PRESENT STATUS OF WORK ON MARINE FISH EGGS AND LARVAE
IN_INDIA AND QUTLOOK FOR_THE FUTURE

By

; P. Bensam
Prlncipal Sc1entist

(Central Marine Fisheries Resecarch Institute, Cochin)

- In India, interest on a study_of'maxiné fish egys
and'larvae is found to have begun only in the first
decade of the present century, when Bhattacharya (1916)
has identifjed the larvae of 2 few estuarine fishes,

._Although there hes.. been a steady 1ncrease in the output
. of research thereafter, most of the publications till
_'.theiend of the thirties are on estuarine species only,

© It may also be 'seen that in the initial period many

identificatidnS’are based on those made elswhere, more

so from Indonesia (formerly Java) by Delsman (1922-1938).
An analysis of the quantum of pUblicatibns made recently
by Bensam (in press) shows that the main stay so far is
from the fifties through the seventies, with ‘the peak
during the fifties (30%), followed by sixties (24%) and

- the seventies (22%). Species-wise also, the maximum
. coverage is durinq the fifties (30%), followed by sixties

(20%) and seventies (19%). As already pointed out in

one of the previous'lectures, the total number of species

whose nné or more deyeiopmental1stage has been identified
sc far is 29% of the known total number of species; and
the number of sﬁecies of which most of the vital stages
are known at present is only 8% of the marine bony fishes
present in Indian Waters. Hence, there is urgent need -
to intensify the stud:es on marlne fish egygs and larvae

in India.
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~ In India, the"hatching method" of identification

(vide lecture No.5) of marine fish eggs is possible only
in the cases of a fow estuzrine and inshore fishes such
as mullets. But, this method cannot be followed in the -
vast majority of inshore and offshore fishes because
their oozing ovarian ova are difficult to collect, Thus,.
for a country like India, with the mxnmnw:o facilities,
the hatching method of identification is not possible
at present and hence the workers have to depend upon the
.=wmnwwm”amw:baz_ow wnoaa»mnam»noa (vide lecture No.5),
:\maw.a:»m method to be wmwmoap<o. the whoele series of \
mamomm should be mﬁmmwmcwm. in onamn to follow the <w¢mpz

changes in the nm<mwouamaemw characters. But, a perusal
of publications from India shows that only in some cases °
the whole series are availsble and that in most cases
collections are not maoncmno to aoncsmsa all the »auounmaa
‘stages, Ha may be noted in this oosamna»oz that. the same
body of - water which no:«mw:a one aocmwouamsamp stage need
not :mnmmmmuuw< contain one or more of the other nm<o~ovr
mental stages AZQPPm: and Hempel, aoqou Bailey, 1974;
Russell, 1976), Hence it has become essential to make
future collections of marine fish eggs and . larvae much
more extensively and intensively in space and time, so
that as complete series of stages as is possible are . . -
collected for the series method of identification. i

»vmnﬁ muoa making mxem:«»<a and intensive oowwooewozm.
as drawn attention to a< Ahlstrom and Moser (1981),
it is mumm:awmu to oasmaoo the quality of the specimens
 collected, Although it-is desirable to mnca< live eggs
for their characters, in cases where it is not possible
to do so, it is essential to improve the quality of the
specimens, The value of the material canWmu very much
lesser if thelr condition does not facilitate woncnuaw
measurements and scrutiny of characters. One method
to overcome poor preservation may be to narcotise the
material before preserving in formalin, As drawn
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mm&m:ﬂwoz to by Ahlstrom and Moser (1981) there is need
woa some basic research on ship~board: handling and. vﬂmmmul
vation techniques of amuw:m fish m@am and larvae,

One factor that has been causing moam_wamwncpm<
for effective comparison and contrast of the’ am<mwov9mwamw
mamomm 1s the ambiquity prevailing in ﬂsm definition and
mﬁmsamwawmme»os.om the stages. In this connection, it wm
worthwhile to follow the division of developing eggs
proposed by Ahlstrom and Counts (1955}, such as (i) the
early egg, (2) the middle egg and (3) the late egg. Also,.
it would be advantageous to standardise postlarval
developmental sequences into three as followed by Moser

and Ahlstrom Aéwwou._ Ahlstrom et al (1976) and Moser

et al (1977), viz., (1) Preflexion, (2) Flexion and Amu
Postflextion one is the longest period, w:<ow<pso a
gradual development into the juvenile nsmmm. ‘These

and other stages standardised are given in Table L

Besides, as_ seen in an earlier lecture, drawing
skills have to be employed for documenting and presenting
the figures in.a manner, suitable for comparison and
contrast (Fig. 1 and 2). Such a procedure has not been
followed in most of the descriptions in Indiaj and needs
adoption in future work in'this country. .

A perusal of literature shows that in many
instances, except for some uuo@w:m:ﬂ_awmosomawo features,
certain subtle or clusive characters are not given due
attention for tangible sepatration of the developmental
stages of allied species, The fact that such subtle
nUmHmoaon_mum_qupcmcwm_zmm_Umm: cbserved in recent
studies Amm:mma‘.aomh“ 1986) on certain clupeids with
overlapping numbexr and disposition of myomeres. One .
such character pw the difference in the pace or speed
of am<m~on§muw observed in the postlarvae of Sardipella:
clupeoides and S, sirm, Between two almost comparable
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sizes, the 10.2 mm postlarva of S, clupecidés and the
10,4 mm postlarva of S, simm - . . the former shows

- markedly lesser developmental sequence in its narrow body,

truncated caudal fin and ‘lesser developed dorsal and anal
flns when compared with the broader body, forked caudal
fin and more advanced ‘dorsal and anal fins in the latter
species. Although the former is 0.2 mm shorter than the
latter in total length, it is rather insignificant to .
2ccount for all the above differences. In this connection
it is suggested that for 'segregating comparsble and/or
similar sized developmental stages of closely allied
species and/or cenera, a tabulation of the characters of

- the developmental stages on the model proposed in Table 2
may be carried out. By divising such a mechanism, it may
be possible to overcome some of the identification p;gbIEms.

Similarly, much more intepsive studies are _

- required on the variability of such characters of develop-
ing stages as the location of the oilglobule and pigmen-
tation between allied species. It is observed in recent
studies- (Berisam, 1984) among the larvae of the grey mullets
~Liza tade and L, subviridis which have the. same. number

of myomeres that although the eilglobule in. the larvae of’
"both the species is: situated in the fronti-aspect of the
yolksac, the principal difference between the two is the

- presence of four narrow vertical streaks of pigmeﬁts in

L, tade but only a single prominent postanal

band in L, subvivids

In additlon to such character differences, it is
also essential to discover new characters for identification,
QOsteological and anatomical features of the early stages
. of one - species may be different from those of an allied
species, The advent ‘&f scanning electromicroscopy has
opened up the p0531b111t1es for solving such inteicate
identification problems, By this method ‘Sumida et al.
(1980) have found out difforences between the chorion
structure of the ‘eggs of- flatflahes. Similarly,_
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electrophoretic techniques may 3150 be employed for
discovering new dlstingu1shing characters. '

- By adopting such techniques it will be possible - .
to identify, distinguish and document the éarly develop=
mental stages of such of the species and/or genera which'
are posing problems still,
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STUDY OF THE ICHTHYOFAUNA OF THE LOCALITY OF WORK

By :

ALA, Jayaprakash :
Scientist (Selection Grade) ..
and
, M. Badrudeen
Technical Officer

(Central Marine Fisheries Research Institutei Coch;_l

(A)

Aim. To study the- fish fauna at two centres, Mandapam
ang Pamban by making collections there; to study
the characteristic features of various groups;
and to identify the 1mportant species with the aid
| of literature (both in the field and in the laboratory)

(B) hmaterials- Field note book, bucket with lid, ice box,

(C)

- polythene covers, scissors, scalpels, mounted
needles,’ dividers, pins, measuring boards, scales,
H.B.pencil, Indian ink, tags, labels, cotton,
1ab_towel§,7hypodermic syringe, hand lens, microscope
and chemicals such as methylated spirit, concentra-
ted formalin (40%),'Hexamine,fBoraxFand'Ammonia.

Methods*- .
(I) COLLECTION |
1. Visit the 1anding centre at the}time of fish landings.

2, ‘Colléct the different types of'fiahes from various

gears and note the total length fork length and
standard length.

3. Care should be taken to collect fresh specimens
and to avoid mutilated and. damaged specimens, unless
otherwise interested.



4,

7.

10,

.
Wash the fish thoroughly in sea water without
damaglng ‘the’ fish. ’

Colour patterns are SpeC1es—Spec1flc.,'Note this
in the fresh condition itself as it may fade out
after preservation.

Record details such as date,_time, locality,  depth,
gear, nature of the fishihg ground and additional

‘informaticn on the ecology if any, in the field note

book., -Keep the fish in polythene bags with proper
labels or tags. '

If the tabortory -is far away, preserve the specimens

collected in formalln in the- fleld itself or keep
them 1n ice box. ' '

_ Brlng the fish to the laboratory for detalled

examlnatron and preservatlon.- Each specimen may
be fixed, Flns, spines, rays etc., may be stretched

"and flxed by pins with least damage, on a soft wooden
‘board.: Do not allow the fish to dry. Add a few

drops of formalin on the stretched out fins and rays.

Sma)l fishes: If alive, drop them into a mixture
of equal parts of methylated spirit and water for

five mlnutes and transfer them to dllut- formalin
(1 part of concentrated formalin "to 6 parts of water).

Med;g@ fishes: When dead, in a state of as fresh as

' possible, place the better side down cn a smooth
\board.' By means of pins set all fips, spines and

rays._ Try to prevent the head from turning'up._ Make
a small incision on the belly on the right 61de and

'j_preserve ‘4t in dllute formalin.,

11,

Larqe fishes:' Apart-from making incision on the belly,

- large fishes may be injected with fermalin using a

hypodermic syringe. Alsc some incisicns may be made
dorSally on bothfsides:of-the~backbone,
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If the specimcns are*ﬁ% be left for several weeks
in formalin, household Borax (1 teaspoon per each

- ¥ gallon of fixative) may be added to neutralise

the acidic effect. Other methods are: a} To
1 pint (1 pint = 0,%68 litre) of concentrated

formalin add 2 oz (1 oz = 28 gm @) ordinary

"~ Hexamine and 6 pint water; b) To 1 pint concentrated

3.

1.

| IDENTIFICATI N
'

formalin add 5 pints of water .and 3 oz. Ammonia

'solution. ' _ o _ L

A good quality label is essential, Labels are best
written with waterproof carbon ink or with a soft
pencil, - '

iniep—

General features:‘ Bony fishes are the largest
class of living fiShes.comingluﬁdér the .Sub-Class
Neopterigii which is divided into many orders.

'The characteristic features of the Sub~Class are

that_théy have .a firm skeleton of true bénes,
gillslits are covered with an operculum on both
sides, caudal fin is more or less symmetrical and
the fishes have. vertlcal or unpaired fins and
pa1red fins.

_Body.shapez' Fﬁsiform, obiohg, elongated and

cylinderical, usually laterally compressed, ventral
side more convex than dorsal side; sometimes
dorsoventrally flattened W1th eyes on one 91de,

as in flatfishes. '

Vertical or unpaired fins: The dorsal fin may
coneist of 2 single fin only or composed of a
spiny dorsal and a soft dorsal, -The spiny dorsal
and soft dorsal may be continuous or separately
placed, The numbers of spines and soft dorsal
rays ‘vary in different fishes. An adipose fin
behind the dorsal fin is noticed in some fishes.
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A_pai't--from these, some swif® and elongate fishes may
have small detached finlets behind the dorsal. Note

down these characters if any in the specimens ccllected,

In scientific literature, the dorsal fin is abbreviated
as D. Number of spines are to be indicated in Roman and

soft rays'in'Arabic numerals, eg., DX 12 means the fish'

has two dorsals with ten spines in the first dorsal and.
12 soft rays in the second dorsal. Follow the abbre-

“viated methodology to identify the fishes.

'Anal-fin:: Starts behind the vent. It has hany Tays
. and 1 to 3 spines, More than three spines are rarely

found. Writtén as A 1II 10 means three spines and ten
soft rays in the anal fin, |

Caudal fin or tail fin: It mey be pointed, rounded,
truncate, emarginate, forked, lunate or wedge shaped.

Pectoral fin: The abbreviated form is P. P 16 means

“that the pectoral fin has 16 soft rays,

‘Ventral fin or Pelvic fin: Usually abbreviated as V.
Note the position of-the ventral fin in the fishes
- collected. If the ventral fin is located below the

pectoral, they are said to be thoracics further

- forward, jugular; and far back abdominal. Generally
‘ventral fin may have one spine and 2 to 5 soft rays.

Mouth parts: Most of the fishés have some type of

+ lips. The lower jagfis composed of mandibles and
“upper jaw is made up/premaxilla and maxilla., In some

cases the maxillary bone may be elongated. The_mouth
may he at the tip of the snout, or sometimes the snout
pay overhang the mouth, Mouth may be oblique, with the

" lower jaw bheing the longer one;' and sometimes it is

protractile., Jaws are scmetimes produced as beaks..
Note down- the number.and -disposition of pores on the
chin as well as the number and disposition of barhels

e oo

- - n o~
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if any. Examlne the jaws for teeth pattern.- Teeth

‘may be: villiform, conzcal molariform, or in the form
‘of canines or 1ncisors. Sometimes teeth may be absent

altogether, Vomerine and’ palatlne teeth may. be present
in some fishes, ' S :

Branchial appara%ﬁs=  The gill cover or the opeipulum

is made up of four main'benes'# the opercle,'preopercle,'
subopercle and ihteropercle. Observe for the presence
or absence of scales as well as spines on them.:_’

Gillrakers: These are important characters in fishes,
seen as flnger like or hair like cartila01nous pro;ections
of the gill arch, both on the uppet and the lower llmbs.
In systematics these are denoted as GR (5-6) + (12—13), |

" meaning 5~6 gill rakers on the uppe:“limb.aad_12913 gill

11.

rakers on the lower 1imb 'Cbunt;ishmade'bn thesjst3gf;;
arch, ' - S R

Scales:,'Note'the scaies in fishes. Some fishes possess

the cycloid with smooth hind maroih, -and some the cteﬁoid,
Wlth comb like hind margin. Sec whether the scales are
deciduous (easily shed) or adherent type. Count the
number of scales in the lateral line: (startlng from the.

- shouldexr to caudal peduncle) Note and _count” the lateral

12.

transverse scales above and below the lateral llne. It
may be abbreviated as LI. 42, tr 3/9 meaning 42 scales

in the lateral line and there are 3 TOWS above and 9 : _'
‘rows below the lateral line. | -

Lateral llne:¢rThe positzon,_curve and the branching

if any of the lateral line may be noted. Some fishes -
_may not have a lateral line at all. - S

“(II1) RECORDING OF DATA L e

. After a careful study cf the fish/fishes given or
collected, note down the various characters in the

.abbreviated form, for examplc‘

D. X3 I, 28-32. -A. 1I, 8. L. lat. 50 Tr, (5-6) +
(10-12), G.R {50-55} + (60-65).

e
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2. Identify the fishes collected using standard identi-
fication manuals and texts (vide References)

'3, Make an outline drawing of the fishes identified
showing the various characters. |

‘4, Briefly describe the 1mportant characters of each fish
jdentified, such as body shape, fins, scale counts,
lateral line, colourétion etc. and also comment on the
dlstributlon.

5. Give the conventlonal hierarchy of nomenclature.

6. Preserve, if necessary, with proper labels, -
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DETERMINATION QF THE MATURITY qTAGES OF MARINE FISHES

By

- P. Bensam
Princxpal SC1entlst,

AN, Jayaprakash :
Scientist (Selection Grade)

and

M. Badrudeen
Technical Officer

{Central Marine Fisheries Research Institute, Cochin)

(A) Aim:

TN

:  To determine the maturity stages of marine
fishes based on eye examination.

(B) Materials: (1) Unpreserved specimens of the species

in various length ranges.

{2} Scissors, needles, scales, balance,
note book and pencil,

(C) Mgtbods*

()

(2)

(3)
(4)

Cut open the abdominal cavity and spread out the

skin sufficiently to permit a full view of the

gonads.

Note down 'the approximate proportion of the gonad
in relation to the volume of the body cavity
excluding the other visceral .organs, in percentages
such as 15%, 20%, 40%, 70% etc. or 1/3rd 1/2,
3/4th etc.

Record the unpreserved: cclour-of the gonad.

Determine whether basad on the eye examination
you can decide the fish is a male or a female;
if so, record the sex.
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(5) If it is not possible to detérmine thé sex, you
. may record the fact as 'indeterminate’.
' (6) Record the texture of the gonad such as "flat",
"blade like", "leaf like", "tubular" etc,

(7) If it is possible to determine the sex, then
repeat the abeve procedures with specimens of
different size groups and group them according to
approximate 'stages' based on eye estimation and
in consultation with literature (vide ;}fra).

(8) Usually, the maturity stages of female marine .
fishes are grouped into seven Stages:= (In total
spawners - iscchronal seven to eight stages and

" fn partial Spawnefs Heterochronél' five stages)J

I(a) Stage I - Indeterminate,. occupylnc abcut 5 to
o 10% of the body cavity, '

(b} Stage II~ Pinkish in Cﬁlour, tubular and granular
in appearance, occupying about 10 to '
20% of the body caV1ty (early maturlng)

(c) Stage I1I-Pale yellowish in colour, developing -
eggs fairly visible, the whole gonad: . -
occupying akout 20 to 50% of the .body
caV1ty(matur1ng)

(d) Stage%IV -nght"pinklsh in coleur, the eggs
increasingly much more visible and
the gonad occupying. about 40 to 70%
of the body cavity, blood vessels
‘prominent (late'maturing),

(¢) Stage V_- Whitish in colour, eggs very well
viegible, not oczing cut under gentle
pressure and the gonad occupying 50 to
80% of the body cavity (mature).
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(f) Stage VI - Eggs transparent, resembling boiled
sago, oozing out under gentle pressure
and the gonad occupying 70 to 100% of the
body cavity ﬁuwnmv

__Aav Stage <Hm Ovary Hoacomu in <owcam to mvocﬁ 20 to
30% of the voa< cavity, flacid, blood
‘shot in appearance (spent).

(9) In the case of males, the testes are usually pale whitish
in nopocﬂ_m:a.w:wv in appearance through early maturing,
maturing and late maturing stages (II through IV), In
‘the mature (stage V) condition, the gonad occupies upto
about 80% of the body -cavity and is creamy white in
ooHacw. with milt :ow oozing cut under pressure. In
the Tipe no:awﬁuoa for males Amam@m <HV. the milt oozes
out under Qm:npm pressure of the gonad which occupies
‘about 70 to 100% of the body cavity, And under spent
ooaawdwo:_woa“ampom {(stage VII) the gonad has become
flacid and small in size about 20 to 30% of the body
om<n&%y_vmwm;srnwwm: in appearance and small amounts of
milt still oozing out under gentle pressure (spent).

(10)Based on the above seven basic stages, the maturity
stages of a few species may be determined and recorded.
In some species the stages II to V may not be clearly
recognisable and divisible. In such cases only the stages
indeterminate, maturing, mature ripe and spent stages can
be recognised on eye estimation, thus reducing the stages
to only 5, instead of 7,

Note: After the above determination, the gonad may be gently
removed from within the body cavity, wiped of the blood
and body fluids with cotton and wejghed before preser-
vation, This is for the purpose of determining the ratio
of the weight of the gonad in relation to the total weight

- of the fish and the maturing stages.
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DEVELOPMENT QF OOCYTES T0 MATURITY

By

P. Jayasankar
~ Scientist

o

(Central Marine Fisheries Research Institute, Cochin)

(A) Atm: _ To demonstrate the various staqes of growth

of the oocytes to maturity.

(D) Materials:Sample of fishes (either fresh or preserved),

‘monocular microscope, ocular and stage
micrometers, scissors, neédles, forceps,
slides, cover slips, 5% formalin, plastic
trays, pipettes with teats, towel, duster
. cloth. |

(C) Methods:

(1)

(2)
(3)
(4)

(5)

(6)

Cut cpen the fish from the vent towards the anterior
region, ‘examine the.gonad and determine the sex.

Select female fishes in different maturity stages
from immature to spent, based on eye determination
of size of gonad. -

Determine the maturity stage by macroscopic exami-
nation, such as colour, extent in the body cavity

‘etc. of the gonads.

Cut out anterior, middle and posterior parts of
each pair of ovaries and examine the characters of
the ova under microscope.

Calibrate the ocular. micrometer using a stage
micrometer, '

Measure atleast 500 ova taken from each ovary and

‘plot the diameter against the pexcentage occurrence.



Do

(7) Repeat the above for the various spec1mens of ecach

- species, group them intc different maturity stages
of Immature, Maturing, Early Mature, Late Mature,
Ripe, Spawning, Spent, etc, in relatiocn to the
macroscopic studies you have done in the field and
laboratory, vide CMFRI/SI/1989/Fr.II.

(8) Study closely -the characters of ripe ovum, such as
overall diameter, diameter of yolk, diasmeter of
01lglobule, etc.. '

(9) Make Camera=~lucida sketches of some maturc and ripe
ova, with appropriate scale (Ref. CMFRI/S1/1989/Pr.IX).

(10) Preserve all the data for future reference.
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EVALUATION QF_THE MORPHOMETRIC AND. MERISTIG'.”

CHARACTERS OF FISHES

By

A,A, Javaprakash

Scientist (Selection Grade)

~and

" M. Badrudeen'
. Technical Officer

ICentraixMagghe Fisheries Resegarch Institute, Cochin)

(A) Afm:

(B) Materisls:

To-determine_tﬁe bedy prepof%ions,ﬁo prepare
adult-skeleton, to familiarise with staining
technique for small specimens and to count
vertebrae, spines and Tays.

Monocular microscaope, camera lucida, measuring
boards, scales, dividers, scalpels, forceps,

- mounted needles, brushes, pipettes, heater,

aluminium kettle, sodium hypochlorate, hand
lens. For Alizarin staining, the following
mater;als are required: Glacial acetic acid,
Glycerine Chloral hydrate, Alizarin, Petri
dishes, embryo cups, cavity slices, cover

slips ete.

(C) Methods:

(1) Morghometric measurements-

1. If the fish samples ~wollected for the SuUdY ére
preserved, wash them in running water to remove
formalin and its smell, for about 1 to 2 houré.

2. It is better to examine the fish in fr esh condition,
but this may not be possible at ail times. It is

ll
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desirable that measurements of freshly caught fish form
the basis of comparison until such time as the effects of
freezing or chemical preservaticn on the body proportions
have been. determined to have constant effects and these
effects are finally established. ~The natural variability
of most dimensions is relatively small so that the effect
of preservation on differential shfinkage or expansion of
different body parts might lead to spurious results if

~samples of preserved fish from one region are compared

- with samples of fresh fish from another or if samples of
fish from two different regions had undergone different

- preservative treatment. Dut, this does not.apply when
countable (meristic) characters rather than measurements
are concerned.-

3. Overall 1ength measurements are to be made between perpendi—
0u1ars along the median longitudinal axis, keeping the mouth
of the fish in closed condition.

4.The tall fin has to be extended to give normal (total)
length or the tips of'oﬁe or both the caudal lobes may be
drawn to the longitudinal axis of extreme (total) length.
Some times total length measuréments are made with the-
caudal lobes partially drawn together so that their outer
edges are parellel to each other and to the axis, Follow
a uniform pattern throughout the study., If a normal length
is the chosén dimension, it is necessary to standardise
the procedure of laying the fish on-the board. A common
method is to place the head of the fish ‘2zgainst the nose
piece of the measuring board with the right hand, hold
the fish in position with the left hand, and use the right
hand to straighten the body of the fish and extend its tail
~with a single stroking movement. SRR

5.Where a choice of sides is involved, all measurements and
counts are made on the left side of the fish, When side-
toéeide comparieons are being made, or if necessary for
other reasons, denote by prefixing "r" or "g" (right or

-
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greater) to the notation (or term). This rule may be
applicable to Ph and Vh, vide lecture: notes III. (2),
Fig, 3.2.1..

6. Measurements by using calipers and divider3° The tip
of the fixed arm of the calipers (or one point of the .
dividers) is applied to the point mentloned and the tip
of the sliding arm of the calipers {or the other point ,
- of the divider)-is applied to the second' point mentioned.

=
“

Take morphometric measurements of the fishes (Refer lecture
notes II1 {2),Fig. 3.2.1, deflnltions of position),.

% 1T, Mexristic counts:

1. Examine and count the humber of spines and soft rays iﬁ
% the median fins such as the spiny dorsal, soft dorsal
- _caudal and anal fins.

E 2. Count the number of spines (if any) and rays in the paired

?13_;rcount the number of scares in the laterar line and lateral g
’ ﬁtransverse. ' : g

4, Count the number of gillrakers in ‘the upper and lower -
‘limb of the first glll arch. ’ '

=y Count the number of chin pores and barbels. _
-56. Note the pattern of teeth in the jaws, vomer and palatine.

%7. Note the ‘number of pyloric caecae and colouration of *he
; body cavity. ' ‘

%8. ‘Note the shape and atructure of the air bladder.;
E?. Note the number of myotomes and the pigmen» pattern.

{

III. Vertebral counts, number and disposition:

1. The vertebral column has to be prepared by boiJingithe'
- fish in fresh water, just. long enough to.loosen the
tissues.from the bones. If the .bones appear te be oily

|
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- |
it may be necessary to bleach them in 2 dilute solution
of commercial "Clorax" (Sodium hypbchlorite),

Note the total number of vertebrae (h)'bedinning with the
1st vertebra and counting one for each bony segment behind
it, including the complex terminal or urcstylar segment.
{i.e. how many seéments there are in the linear series
of a vertebral column), '-This-is'given in systemétic works

“on fishes, and is extensively employed 1n biometric 1nvesti-'

gations on fishable populations. o ;

~Note for any abnormality i.e., long and irregularly formed

segments, which suggests local fusion of adJacent vertebrae, .
If these¢ non=-typical seginents are counted as if they are‘;;"
single vertebrae, the total (n) for the back bone proves. .
lower than normal. Complex segments at the posterior end

of the back bone -are.widespread in some fishes, o

Seeing that (n) 1s by definition an’ 1nteger, it can be.
expressed as the_sum.of other integers, Group the vertebrac .
into Precaudal (A) and caudal (B)., The precaudals may be

| again grouped into post cranial (a) and abdominal (b)

Caudal vertebrae may be grouped into anterior caudal (c)
and posterior caudal {(d). This may be expressed as n

(A +DB). = (a + b~ c+d). The summatlon of " (n) as (a +..

6.

b+ ¢+ ==——) is ofi practical utility in the study of o
variation from species to species.

anmine each segment cof the veriebral cclumn and - the -
differences in the vertebral form Wthh are structural
rather than numerical or gecometrical differences which may .
be figured and described rather than counted. These are

no less important, although these cannot be expressed 1n,
concise mathematlcal terms. '

Concernlng;the number of individuals,-the greatér'the;u
number of individuals examined, the greater the value of

the_results ohtained.
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7. Take out the vertebral columns of the: fishes given and
describe them. ' g - _

8. Examine the Vertebral variations in groups of fishes
' such as. Leiognathids. -

VI, Alizagin staining of fish larvaes

- The allzarin preparation used to stain the hard parts

- of 1arge fishes have to be slightly modified for

"stalnlng the fish larvae and postlarvae, as these are
delicate ‘and. require special care. _Prepare the staining
solutzon by the following formulas: ,

g Glacial Acetlc Acid 0.5 ml,
Glycerine ' 3.0 ml,
Chloral hydrate | 10.0 ml, -
Alizarin stain 100.0 gms,

The fish larvae are to be hardened and kept in 5% -
formalin, After hardening, wash thém, place them in |
-1 to 2% KOH. After these become transparent these can
be stained, The stainlng solution is added drop by drop
to fresh KOH containing the specimen till it becomes
violet - pink in colour, Once these are stained, the
used up solution may be pipetted out, fresh KOH solution
and increasing quantities of glycerine may be added at
regular intervals and the stained material is preserved
“in pure glycerine.
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Practical quide lines

5, COLLECTION OF PLANKTON
WORK ON BOARD RESEARCH VESSEL

By KoeJ Mathew
- Scientist (Selection Grade)

(Central Marine FiSheries Research Institute, Cochin-31)

E 1 Aim: To collect zooplankton from the gea using plankton nets
i : .

3

for the study of icthyeplankton.

.2 Materials rquiredz

1.
2.
3.
4.
5.
6.

7.
8.
.9,
10,

LT R Sk s s Al

12,
13,
i 14,
i 15,

Zooplankton net with collectlng bucket and weight
Meter block :

Flow meter

Inclinometer

Rubber hose for washing thc net

Wide mouthed polythene jars of 500 ml capacity
cOncentrated formaldehyde solution '
Measuring cylinder (50 ml capacity)'

Polythene funnel of 15 ‘am mouth diameter

Labels
11,

Log sheets
Field diary
Lead pehcil-

Permanent ink marker ‘pen

Stop watch

.3 Methodology

+3.1 Procedure -for conducting icthyoplankton surveys .

-~ nlfCss e, ‘mmw‘.w

+3.1,1 The planning stage

The planning stage is 1ike1y to be the most important part '
f the survey "for this i3 where the obgectives ‘of the survey are
Qmpared.wlth monetary and personnel resources.



5,3.1,2 Field operations

_ Field. operations can be conducted from ships of 15-100 m
in length which are equipped to make plankton tows and hydro-
graphic observations, -

5.3.1.3, Cruise plan

A cruise plan to satisfy the objectives of the survey
may be made in advance, The station positions are to be deter-
mined. beforehand, _ '

5.3.1.4, Log sheéts

The log sheets in which all particulars with regard to
the plankton haul are to be entered hove to be prepared (see
mcdel log sheet given below). o

Name of vessel - Cruise No. Station No, - Date -

‘Time Position ' Flow meter reading
Net into Net out Lat., . Long., Initial Final Difference
water - of water '
Depth at station . Type of haul  Depth of haul Warp released

Net used . . ' Mesh size Wire angle - Ship speed




5.3.1,5. Sampling system

The recommended sémpling system requires that the ship

' be_equipped'with a hydrographic winch with more.than 400 m of
standard hydrographic wire of 4.8 mm, a meter block or a metering
system ahd an angle'indicator to measure the wire angle.

5.3.1.6. The Samgkgg :

The Bongo net is recommended as the best type of sampler
_ for icthyoplaﬁktdn surveys., HMcots of either 20 ¢m or 60 <m dia-
; meter are usually used. The mesh size selected is 0,505 mm,

A flowmeter is mounted in the mouth of one of the net
frames to provide data on the volume of water filtered during
each tow. '

5,3.2.1._The.tbwiqgﬂprocedure énd data records

First of all the net may be examined for any cuts or
holes and if present may be mended. Ensure that the plankton
collecting buckets are.securedly attached to the net and have no.
gaps through which plankton may escape, Shackle the towing line
to one of the loops at the centre of the yoke of the nct assemply.
Also shackle the depressor to the other loop on the yoke.

After the gear is assembled and the preshooting data are
cntered in the log sheet the tow is ready to begin. The tow i=
made off either side of the ship.

The ship is stopped at the station. After determining
- the hottom depth the tow depth is decided, To lower the net to
210 m with a Wire angle of 45° requircs that 300 m of wire be
let out {wire angle is defined as deviation from vertical).

Length of wire out X cosine 45° = Net depth
ie, 300 X 0,707 = 210 m (net depth)

The initial reading on the flow meter is to be noted
down in the log sheet before shooting the net,
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The weight is lowered below the surface of the water. The
winch meter is zeroed, The ship is set underway at two knots
speed, Now the net is lowered into the-water. If the net is set
properly in the water release wire at the rate of 50 m/minute,

The stop watch is started as soon the flow meter is seen to sink
beolow the surface of water, The stop wateh is used to record the
sinking time and towing time in seconds. The duration of tow is
uscd for calculation of mean velccity of towing, When the desired
amount of wirc has becn pald out the stop watch is stopped. The
ginking time is recorded:in scconds, Thoe stop watch is zeroed

and restarted immediately. {8ince the nct is fishing on the way
down{ sinking time is as important as that of retrieval), thn
the stop'watch is restarted, the nets are loft at the desired
depth for 30 seconds., At the end of 30 seconds the wire angle is
recorded for that depth and retrieval is begun at the rate of 10 m
per 30 seconds. Ship speed during sinking, during times at depth
and during retrieval is'maintained to keop the wire éngle at
45° +.3% wire angle. Normally 2 knots per hour would maintain
this wire angle, (Fig. 5.1.1. Flow meter).

The nets arc brought dircctly out of the water at a stcady
~ rate, It is important not to allow the net to fish too long at
the surface becausc of the bias that results from over sampling
surface waters. When the flow meter breaks the water surface, the

stop watch is stopped and its roading in seconds is reccorded as
the towing time.

The nets are washed down from the outside uéing a water
jet., After all the plankton has becen washed into tho-dod ends,
the nets are brought aboard. The plankton collecting butkets at
the cod ends are carefully removed without spilling and taken to
the wet laboratory of the ship for preservation,

Before leaving the station, the flow meter is read and
recorded as the final readings. The difference between the
initial and final readings is calculated and recorded.
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: Total towing time is recorded. For a 300 m tow total
tlmc should be about 21 minutes and 30 seconds- (6 minutes sinking
1time, 30 seconds gsettling time and 15 minutes retrleval timel,
gBefore every haul the’ net has to bc examined for any:cut or hele,

5 3.3, Handlingrthe samplemﬁt sea

f Fish and larvae are fragile aod easily damaged{ . Proper
jcare is needed in all stages of preservation and handling aboard
the Ship . . .

5.3.3.1 Preserving the-sgﬁple

; The plankton_sampie should be preserved immediatély _
!especially in tropical waters. The storageicontainer'inﬁwhich. _
the sample is preserved should be of sufficient size so tha£ when
filled the preserving fluid (5% formaldehyde solution) will
Joccupy at least three times the volume ‘of the plankton., Wide
mouthed polythene jars of 500 ml capacity can be used as contailner.

: The.planktor coilection is carefully poured from the -
collecting bucket into the container. The collecting bucket is
ithen rinsed down to gather the last of the plankton, - The har
containing the plankton is then filled three fourths full with
sea water before'adding the preservative, ‘To obtain the -
recommendod 5 % solution of formalin in L 1 jar, 25 ml of _
concentrated formaldehyde is to be added., The sample jar is then
{filled almost to ‘the top with sea water, capped and shaken
_lightly to obtain immediate_uniform orese:vation. While plankton
fixing is done in 5% formalin, for prolonged storage 3% is enough.
{5.3.3.2 Labeling |
i It is essential that samples are properly labelled,
Inforﬁation contained.on the labels.should be sufficient to
identify the sample with certainity. One label is put iuside
" ithe jar while a second one placed on the inner 1id of the jar

i

4
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both written with lead pencil and the jar is screw capped with
the ovter lid. BtSldCS, the details are written outside the jar

with a permanent ink arkcr pen, The labels are made with
cartridge paper.

5.3.4. Laboratory procedures

5.3.4.1.Plankton volume determination

A measurement of wet plankton volume, detecrmined by dis-
placement is made for-each plankton sample soon after the samples
are taken ashore,- The zooplankton volume measuremcnt provides’ a
rough measure of zooplankton biomass (Ahlstom et al., 11969) .
Larger samples may have to be aliquoted for sorting and the size
‘of the aliquot will often depend on sample size. '

The process of dete“mlning Wct plankton volume by dls-
placement is rather simple. It is done using a specially dcsigned
volume determiner., It is a cylinderlcal apparatus of at least
.75 ml capacity and 12 cm height made of perpex whose both ehds
are open, To one end is attached a picce of plankfon netting of
the mesh size of .505 mm. The plankton along with the fluid is
poured into this apparatus, While the fluid is filtered out, the
'plankton will remain inside. When the fluid is completcly'_
drained off, the apparatus is tlghtly locked into a spcecial frame
's0 that the netted end becomes leak proof, The open tep portlon
of the apparatus is then covered with a 1id having a small hope
~on cne side and a screw-adjusted ncedle hanging from the centre
of thd 1id., 'The needle may be adjusted in such a way that its
free tip will reach the 50 cc level of the,apparatus.. A 50 cc
burette £ixed on a stand is now filled with 5% formalin, The
nozle of the burette is inserted into the volume determiner through
the hole on the 1id and the fluid is poured along the inner side
of the apparatus without bubbling. Continuc pouring untill the
‘water level touches the tip of thé needle. Now note the burette
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| roading. The water remaining in the burette will be equal to the
t volume of zooplankton in the volume dotemniner.(?ig.5.1.2)

5.3.4.2, Percentage of_plankton to be sorted

3 . It is recommended that total sample be sorted for figh
‘eggs and.larvae whenever possible and that frac?ioning of samplo
be limited to those containing exceptionally large numbers of
egys aﬁd larvae, Tho Folsom splittor (McEWeﬁ} Johnson and Folsom,
_1954) is-a standard apparatus for dividing plankton samples into
i aliquot portions. Norlely 2 minimum of 5 cc sample has to be
sorted, (Fio 5.1.3 Polsom splitter and Flo. 9.1.4 whirling splitter)

.

Be3e4e3. Sorting fish eggs and larvac

Before a sampleois“sorted. the preserving 1liquid should
be drained off to avoid irritation to eyes and lungs, The éample
'can be sorted in a very weak formalin solution, If a sample '
has not been completely sortod out during the day it was started,
the unsorted plankton should be put back into 5% formalin, Rough
sorting can be done in a 15 cm diamotor glass petridish but for
finer sorting a counting chamber can be effectively used under a
dissecting microscope. The sorted eggs and larvae are preserved
in ﬁ,giaés tubes, One label has to go into each pube‘giving-the
jdetails of the plankton collcttions The tubes are filled with _
ipreservative to the brim and plugged'Withgqotton. Each tube will
contain cggs and larvae collected from one station, All the
tubes ﬁélongiﬁg to a particular cruise can be put together in a
large container of cither glass or polythene, Enough packing
with cottom has to be given to cnsurc that thc tubes do nat rub
icach other and break, Enough cotton should ik be placed also at
the bottom of the jar, Finally the romaining space in the jar
can be filled with cotton so that the tubes will not displace
leven while transportation. The jars contalning tubes also arec
ito be f£illed with oreservaf:wo ie. 3% formaldchyde solution.
(Fig 5.1,5 Counting chamber)
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; GUIDELINES FOR SORTING QUT EGGS AND_LARVAE

By

K.C. Geofge, M. Kumaran, P, Bensam
ﬁringipal'Sciéntists_
and -
8.G. Vincent
Technical Officer

'(Cehtra;_Margne Fisheries Research Institute, Cochin)
(A)

~(8)

Aim: To familiarise with the methods of sorting duta
fish- eggs and, 1arvae from llve and.preserved
planktcn samples. '

Materiala:_ |

(1) Fresh llve plankton.
(11) Clear, filtered sea water in a bucket/can.

" (1i1) Binocular microscope._-

(C).

(iv) Monocular microscope. =
(v) Embryo cups, 3 - 5 Nos. "~

{vi) Petridishes, 5 - 10 cm dia, 3 = 5 Nos.

(vii) Ocular micrometer, 1 No.® =
(viigd Stage micrometer, 1 No. -

{ix) Pipettes, long type wlth teat, 2 Nos.
(x) Pipettes, small type with teat, 3 Nos.

(xi) Formalin, 2% in sea water, 250 ml.

(xii)Cavity slides, 3 = 5 Nos. and cover Sllpso,”
(xiii) Laboratory towel. - '

(x1) . Dusting cloth, -
(x) Specimen tubes with bakelite screw cap.

Methodsg

'(i) Clean ali the glassware first with freshwater and

then with filtered sea water, to ensure them free
from formaiin, ' '



(11)

-liii)

-~ : -2""
Examine a sample of the live plankton under the
" binocular microscope,

observe the important macro characters such as

{a) the size and shape of the eggs, nature of the
chorion, presence or absence of oilglobule, size _
of the oilglobule and‘perivitelline space if present, -
nature of yolk, pigmentation on the embryo yolk

and oilglobule if present, and (b) shape of the

larvae {(linear or.shorter), position of vent,

pattern of pigmentation, presence of fins,_érrange—

- ment of muscle fibres etc.,

(iv)

 (v)

-(vi)

Based on the above observation of the macro
characters, separate the eggs and larvae showing
similarities and are of more or less the same
devélopmental stages into embryc cups contaihing
clear, filtered sea water. .

Place a sample of 5 to 10 eggs/larvae, as the case

may be, in a cavity slide in the live condition and
their vital characters in various stages (vide

lecture notes IV) may be recorded under a monocular
microscope under one or more magnifications in the
live condition with an adequate number (vide Practical
No.7). '

. If the embryo within an egg shows movements bf.its

body {particularly seen in "late" eggs and those

- ready for hatching) which hampers the study of its

(§11)1

(viii)

. characters add one drop of 2% formalin to kill
the embryn. Record the characters and measurements
.rapidly before shrlnkage.

Since the larvae in live condition move actively,

fix them as suggested above to record their characters
and measurcements, _

For prescrvation of eggs/larvae as a record and for
future refcrences, fix 5 to 10 eggs/larvae in formalin

- and keep them labelled in specimen tubes.
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GUIDELINES FOR MICROSCOPIC STUDY OF CHARACTERS
By
M. Kumaran, K.C.'George, P. Bensam
Principal Scientists
and
5.6, Vincent
Technical Officer

{Central Marine Fisheries Résea;;h Institute, Cochin)

(A) Aim: To familiarise with the microscopic study of.

the various characters of fish eggs and larvae.

(B) Materials: As in Practical No.CMFRI/SI/1989/Pr.1V.

(C) Methods:

(1) Place the ocular micrometer inside the eye piece

of the microscope. -

(ii) Keep the stage micrometer on the stage of the
microscope.

(1i1) Make a note of the magnification of both the

eye plece and the objective.

(iv) Synchronise the calibrations in the two micro-
meters and determine how many calibreations in
the ocular micrometer(called Micro Meter
Divisions or simply as MMD) are required to
synchroﬁise the calibrations of for example
0.5 mm/1 mm/1.% mm/2 mm in the stage micrometer
under the particulaf_eye biece and objective,

(v) If X number of ocular micrometer divisions
synchronise with, for example 1.5 mm in the
stage -micrometer, then 1 ocular micrometer
division is equivalent te mm, under the
particular consumption of eye piece and objective
maénifications used, '




D
(v) After determlning the specific” measurement of
“ one Micro-Meter Division (MMD), remove the
stage micrometer, place the egg or larva as the
case may be and record the various measurements,
such as eqgg diamefer, yolk diameter, cilglebule
diameter etc. (for the eggs), total length of the
- postlarva, head length etc. (fFor larvae, roste-
larvae, early juveniles, etc. After determining
the measurements in MMD, the value can be converted
into mllimetre {om).

(vii) Pecord the other characters such as pigmentation,
colour of the yolk/oilglobule/etc, in the live
condltlon, ornamentation on the choricn etc.m\-

(viii) Record the number of rays or srines in all the
fins as well as the nature of muscle fibres,

(xI)Record the number of myomeres before and after
the position of vent (rreanal and postanal myomeres).

(x).Study the various characters'as well as draw the
specimen by using camera lucida {vide Practical
~ No.CMFRI/SI/Pr,IX) |
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DRAWING OF

P,

LIVE AND PRESERVED FISH EGGS AND LARVAE

By

Bensam, K.C. George, M. Kumaran
Rrincipal Scientists

and

S.G, Vincent
Technical Officer

(Central Marine Fisheries Résea;ch Institute, Cochin)

(A) Aim: To familiarise with the microscopic drawing of
fish'eggs and larvae. '

(B) Materials: In addition to the materials listed
| in Practicals No.VII, the following: |

(1)
(ii)
(i11)

(C) Methods:

(i)
(11)

(1i1)

(iv)

(v)

Camera lucida and their attachments.
Good quality white paper.

A good pencil, eraser and pencil sharpener,

Isolate the particular specimen for drawing
with the aid of needles or brushes or
pipettes.

While dealing with live eggs, ensure that
the glassware used are free from formalin,

Mount the eggs/larva in the live/preserved
condition in a cavity slide in the required
Position,

Ensure that no air bubble(s) are locked up
anywhere undexr the cover slip.

Fix the camera lucida in position,

3
- - . . -



(vi)

(vii)

(viii)

(ix)

(x)

2w

Place the white paper alongside the microscope
on the table, below the mirror, determine the
extent of the figure on the paper and sketch
the outline of the various characters including
the overall profile of the specimen and pigmen~
tation,

Record the magnification cf the specimen in the
drawing sheet by checking up the magnification
of each MMD under the partlcular combination of
eye plece and objective used, vide Practicals
No.VII, (B), (i) to (vi). |

After fully drawing the specimen take out an
Indian Ink tracing of it at the time required.

For drawing specimens which are very much longer
(larger) than the viewing area of the microscope
under the particular combination,use eye pieces
or cbjectives of lesser magnifications.

If the size of the specimen is only slightly
1onger than'the viewing area of the microscope,
draw the figure in two parts and join them to
get the whole figure.
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EVALUATION OF THE CHARACTERS OF EGGS AND LARVAE

| By
_-_:K.Q; George, P, Egnggm,_m} kumarah“ |
' Principal Scientists
~and
| $.G, Vincent
- Technical Officer

(Central Marine Fisheries Research Institute, Cochin)

CAim:  To evaluate the characters of fish eggs and larvae,

The following characters may be | evaluated in relation
to the stage of development.- '

(A) Egus:

(1) Total diameter.
(ii) Yolk diameter.
(iii) Extent of perivitelline space. ,
(iv) Pattern of .pigmentation on the embryo, yolk,
oilglobule.
~(v) Ornamentation on the chorion.

(B). Lazvae and Postlarvae

(1) Number and disposition of myomeres,
(11) Stage of developmental features in reltion to
: the length of the specimen.
(iii) Pattern of pigmentation,
(iv) Origin of various fins.
{v) Bifurcation of caudal fin.
(vi) Appearance of rays and spines in f1ns and the
varlatlons in their number, .
(vii) Relative position of dorsal, anal, pelv1c and
pectoral fins in relation to.the length of the



. :
specimen and the stage Qf development.

- (C) Juveniles:

All the morphometric, meristic and colouration

 pattern of the specimen, as applied in ichthyotaxc=
nomy (vide Practical, IV) are to be taken in to .
actount, ] '



e T - e e

PO CMERI/S1/1989/Pr X1

5 : LIBRARY WORK ON A STUDY OF FISH EGGS AND LARVAE
By .

% P. Bensam, M. Kumaran, K.C. George

E ' Principal Scientists

. and
S.G. Vincent
Technical Officer

(Central Marine Fishe;ies Research Institute, Cochinl

im: To assess whéether the material worked out has
| ~already been reported in literature.

Frocedure:

(1) The llterature recorded in the section on
- _ "References" in the Compendlum may be consulted.

(2) Also publications on Fish Eggs and Larvae to
the extent avallable in the llbrarles which
are accessible may be- consulted.

b g AR WO AT

- o _ (3) Index cards may be prepared along with brief
g' _ annotatlons.k

{(4) Cross references may also be consulted.

; ; (5) Based on such a library work, it may be ascer—

‘ tained whether the material studied has not yet

 been reported in literature; and if so, gather
the literature available on the eggs and

larvae of species and genera allied to the
' material, |

"'“-'i&s-\ag_'.qa-j' ot e
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 FINALISATION AND WRITING UP_OF THE WORK ON -

FISH EGGS_AND LARVAE:

: By - :
K.C. George, P. Bensam, M. Kumaran
Principal Scientist
, and
§.G. Vincent
'Technical Officer

L4

(Central Marine Fishe;ies ﬁ §garch Igstitute, Cochin[

(A) Aim: Tq. write up and finalise the work for
publication,

(B) Materials:

(i) The descriptive'notes prepared on the material
studied by'you. ‘
(ii) Drawings of the eggs and larvae.
(111) Literature published on the eggs and larvae of
_Species/genera allied. to the ones studied by ‘you.

(C) Procedure: | e
(i) Make out an “Introduction“ ‘drawing out attention
to the importance of the Species and a brief
" review of the existing state of knowledge (llterature)
- on the eggs and larvae of the species as well as
of the genera related to it.

(ii) Write up a section on material .and methods .
giving out the way the work was carrled out,

(iii) Describe the various developmental stages under . .
such subsectiens as "Eggs", "Larvae", etc. etc.
drawing attention to the various salient features
and referring to the figures {to be drawn with
Indian Ink while sending for publication). |




i,

(iv) In the section on "Discussion", coﬁpara and

{v)

contrast your findings with the work on the
eges and larvae already published on those of
allied species and/or genera,

List out the relevant referenéés.
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