STUDIES ON THE COMMON PENABID PRAWNS
OF THE KERALA COABT

By
V.J. KUZTYAMMA, XM.S8c.

JHESIS

Submitted to the University of Coohin
in partial fulfilmsont of the requirements
for tho degroe of Dootor of Philosophy

1978



This is to certify that this thesis
1is an authentis resoxrd of the work carried out by
Mrs, V.J;mtty-m. M.80., under my supervision in
the University Department of Marine Sciences and
that no part thoreof has been presented bdoefore for
any other degree in any Univorsity.

—— ——57.0.V.KURIAN '

Supervising Teacher

Eraakulen,
Oet. 30,'7®



ACKNOWIEDGEMENTS

I wish to eCxpress my deep sense of gratitude
to Dr.0.V.Kurian, Professor of Marins Biology and
Oceanography, University of Cochin, under whose
guidance this work was carriod out and who oritically
went through the manuscript and mede necessary
corrections. I am also grateful to the University
of Coochin for providing me with nocessary facilities
to carry out the work in the Department of Narine

S8ciences.

I am thonkful to Shri. T.M. Sankaren, leoturer
in Statistios in the Deojpertment of Marine Soicnces
for tho holp rendorod by him in the statistical
analysis of the data. I am also thankful to all
my eolleoagues in the Deopartment of Msrine Scionces,
Univorsity of Cochin for their help and co—-operation
in carrying out this work.,



STUDIRS O THE COMMON PENAEID PRAVES OF THR
KERAIA COABY



CONTENTS

INTRODUC2ION !

PART I, PRAVES AND PRAWN PIBHERIES

1) Physiography of the Vembanad and 8
Kayamiulaa Lakes
11) Materials and Methods 1
111) A brief history of the Biology and 18
Pishery of Pongous Andiqua, Matapenasus
dobeoni end Metspenseus NONOQOroe
iv) Oococurronce of prawns and prawn larvas 30
in the Kayamkulas Loke and Oochin
backwators
v) Disocussion 55
PART II., TOLERANCE OF PRAWNS 7O SALINITY AND 75
TEMPERATURE AED THE EFPECT OF BALIRITY
ON GROWTH
1) Materials and Methods 73
11) Btudies on the salinity tolerance 79
111) Studies on the temporature tolorance 9
iv) Studies on the effects of salinity on growth 9
v) Disoussion 101
PAR? III. OXYGEN CONSUMPPION OF METAPENAEUB DOBSONI 8
1) Matorials and Mothods 48
i1) Experiments and Results 15
i111) Discusaion 170
SUMMARY 182
REPERENCES 188

APPENDIX 208



INTRODUCTION

Prawns form a major constituent of the marine
fish landings in India. The prawn industry in the
country saintained the age old pattern till the
beginning of the fifties of this century, supporting
an oxport trade of dried aend somi-dried prawns, worth
a fow miilion rupees at the most., However, rapid and
phenomonal transformation has taken plago within the
last two docades, raising 1t to the status of an
organised industry of considorable imporsance. All
other fisheries are relegated to the background and
a vory modoern, sophisticated industry of frosen and
cannod prawns has sprung up with an export rocord of
over 1500 million rupeos by 1977. ZTheose substansisl
changes have raised India to the status of one of the

foremost prawn oxporting countrics of the world.

About 80% of the marine prewn catches come from
tho Wost Coast of Indie, while the rest from the Bast
Coast. Along the Wost Coast, catches are highor in
the northern soctor, but the southorn soctor supports
the fishory for the larger spocios resulting in a

concentration of prawn procossing industry in this area.

Studics on the merine prewns of the Indian Oceen
date back to the ¢nd of the 19th contary with tho work
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of Bate (1888) who reported on tho scicntifioc results
of the voyega of H.M.5. Challonger during the years
1879-~1876., The firet nostable report on the penseid
prawns, inhabiting tho Indian scas was by Aloosk (1906).
Iater deMan (1911) in tho Biboge Expodition Roports
added some more spocios to the u-g. Apart from these,
tho earl.or works which givo somo gonersl information
on the taxonomy, life history and dissribution of the
decapod orustaccans of the Indian eoasts are those of
Yood-Mason (1891), Handerson (1893), Handexson &
Matthai (1910), Komp (1913, 1915) and SBowell (1934).
later, remerkable contributions on the life oyolc and
distribution of the commercially important prawns in
the Indien wators wero given by Chopra (1939, 1943),
¥ataraj (1942), Ohaeko (1955) and Bubramanyam (1968).
The notable works on the life history, systematies,
biology, distribution and fishery of prawns of the
Bouth Vest Coast of India espocially of the Xerala
soast include thoso of Menon (1933, 1937, 1951, 1952,
1954, 1955), Panikior (1937), Panikiar and Menon (1956),
Kurien (1954, 1965), George (1958, 1959, 1961, 1962,
1967, 1969), Goorge et al (1968a, 1968b), Mohammed ot gl
(1967), Mohammed and Rao (1971), Rso (1972), Kuttyamms
(1974, 1975), Kuttyamma and Kurian (1976) Kurisn emd
Sobastian (1976). Other scientifio papors dealing with



the difforent aspoots of the bionomics and fisheries
include those presented at the Prawn Symposia hold

in Tokyo (195%) and Mexieo (1967) and in the Orustacean
Symposium hold in India (1965).

The commercial prawns of India bolong to throe
major familics, numcly, Ponacidae, Palacmonidas and
Sorgostidae of the Decapod suborder Eatantia. A few
decp water forms belonging to the family Pandalidee are
also gaining commorcial importance as a result of the
regont exploratory fishing activitiea. Tho genus Penasus
has 8 world wide distribution and the various spocics
bolonging to it are fouud in both tropical and tomperate
latitudes. Practically all of them are marine although
sOm® are kunown to spond 8 part of thelr 1;:0 in brackish
water. 0Of the 28 wvalid spocios of tho genus Pgouseus,
only oight are roprescanted in the Indian waters. Thoy
are Pepscup japonicup Bate, 2. Jatisuloatup Kishinouye,
P. Andicug H. Milnc Edwards, 2. gonsliguletus Olivior,

P. monodon Psbricius, P. semisulgetus deBaan, P. mergzuionsis
doMan and P. pengilletys Alcock. Most of the spocies
belonging to this gonus grow to largo sises and they
support commercial fisherics in many parts of the world,
acoounting for ovor 50% of the total world production of
prawns. All thoe eight spcoios recorded from India are

listed (Holthuis and Rosa 1965) as prawns of ecconomiw
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valuo . although somo of them do not oeour in

commercial quantities. 8pecies belonging to the

gonus Motapepacup are distrituted throughout the Indo-
pacific rogion. 24 known spocies of Jetapenagus have
boen listed by Recek and Dall (1965) and Goorge (1969).
Out of those, 10 specics havo becn recorded froa the
Indian watcrs. They are Motapcnseus dobsoni (Miers),

M. monogercs (Pedricius), ¥. affinis (H. Milne-RBdwards),
M. brevicornis (H. Milno-Edwerds), ¥. spais (de Hasan),

M. lysisnassg (de Mon), M. burkenrgedi Xubo, M. atebbingi

(Fobili), M. kutchonsis Goorge and Reo and M. alacoki
George and Rao.

Although the past two docados hove proved to be
a relatively ennobling poriod in the modorn history of
marine prawns, & review on the availabdblo litorature
(Menon 196%, NMonon and Reman 1962, George 1961, 1962,
1967, Mohammod 1967, Mohammed and Rao 1971, Kuttyamma
1974, 1§75. Kuttyamsa and Antony (1975), Kuttyaomsa and
Kurian 1976, Subramenyam 1964 and Subramanyam and
Ganapati 1971) shows that these works come mainly from
a very fow rostricted arcas like Coohin watoxs and
Godavary estuarice. Hcnoce it would not be extravagant to
assumc that a sigunificant portion yet remains in the
dark and neods to be explored. Again our knowledge about

many aspocte of their biology and physiology is moagre.
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In recont years increasing attontion has beon

foouscod on an aproach which is based on the conoept
that a knowledge of the behaviour and functions of an
organism in relation to the habitat is essential for
doveloping methods and dovices for inoreasing their
production. A comprehonsive knowlodgo of the habits
and relationships to onvironmental factors of these
animals is of decisive importance for devicing moasures
for getting tho mpaximum catech. Even though the import-
ance of the study of tho nature of physiological
adaptotions and voriations in animal populations has
beon strossed by many authors like Bullock (1955) and
Prosser (1955, 1958), such works on tho prawns are very
scuree. 8Somc of tho fow physiological studies on the
penasid prawns of India are those of Rao (1958),
Subremanyam (1962), Kutty (1967), Kutty ot gl (1971)
and Sreckumeran Koir and Krishnankutty (197%). Zein-
Bldin (1963), Zein-Eldin and Aldrich (1965) and fein-

Eldin snd Griffith (1966, 1967) bave obsorved in the
laboratory tho effoct of salinity and tomporsture on

the growth of post larval Pghngous agiecus taken froa
Mexican wators. Howevor the prewns and prawn larvae
in the Cochin backwaters have reccived considorabdle

attention in roocnt years (Goorge 1962) George ot &)



1968b, Mobammod and Reo 1971, Rao 1972, Kuttyamme
1975, Kuttyamma end Kurian 1976). But very little

is known about the tolerance of the penaoid prswns

in Indian wators under varying onvironsontal condit-
ions. Except for a note on thoe offeot of salinity on
the growth of juvenile Pgpnogus indigcug by Sreekumsran
Neir and Krishnankutty (1975) thoro secoms to be no
work on this aspect. Purther the oxygon consumption
of Mofsponacus dodvaonl which is & major eonstituont
of $he prewn fishery of this region has not been
studied a0 for. The preseont work comprises studies
on the sccurreunce and abundange of penecid prawns in
two mejor estuarios in Kerala- the Xayamkulsaa Loke
and Qochin backwators;y the salinity and temperature
tolorance, the offect of salinity on the growth of
throe commercially iamportant prewns of Korala namely
Zeoaeus indigus, Metapensous dobeonl end M. mongoerocs
and the respiratory metabolism of Motapensaeus dobeoni.

The thosis is pnnont‘ftn three partss

PAR? I PRAWKS & PRAWN PISHERIES

PAR? II TOLERANCE OF PRAWNS TO SALINITY AND
TEMPERATURE AND THE RFPECT OF SALINITY
OF GROWTH

PART III OXYGEN CONSUMPTION OF M. DOBSQNI



Part I gives a doscription of threo important
penacid prawn speecios, & genorsl ascount and an
integrated picture of thoir occurronco and abundance
in the Kayemikulom and Cochin estuarios. Part II
doals with the salinity tolorance, its offcot on
growth and tho tomperature tolorunce of both post
larval and juveniles of Pousgus indious, Metapcnecus
4dobsoni and M. mongqaexros in the labdboratory conditions.
Part III desoribes in detail the oxygon consumption
of NMotaoenuecus 42baonl in varying salinity and differ-
ont partiel pressure of oxygen &s obsorved in laboratory

experimonts.
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PRAWNS AED PRAWN PISHERINS
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Kersla has a coastline oxtending to about 560 km
(Pig.1). Tho backwaters of Kerala consist of a chain
of lagoons and ostuarics oxtending over 325 km in length
which sorve as nurseries for the post larvee and juveniles
of most of the commercially important ponseid prawns.
The Vembanad and Keyasmkulam are two major backwaters in

Kerala.

Thesc bockwaters are fed by rivers and camals
and their hydrological conditions are largely eontrolled
by the volume of frosh wator discharged into them during
the monsoon and the influonce of tidel movements. In this
reapost tho Kayamkulam lake and the Cochin backwaters at
the northorn ond of the Vembanad lake ocan be considered
as estuarios. But the Kayamkulam lake differs from Cochin
backwators in being ocut off from the sea every year for a
brief period of about threo months from April to June.
Description of the two study areas and stations are given

separately.

EAYAMEULAM LAKE

The Xayamkulam lakeo is & narrow stroteh of backwater
lying between 9°2' and §°16° N. latitudes and 76°26°
and 76°32'E longitudes (Fig.2). It runs almost perallel



Pig. 1. Nap of the Kersla Coast showing the Kayamkulam
TJake and the Qochin backwaters.

Pig. 2. Map of the Kayamkulem lake showing locations
of the stations investigated.
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to the goast. The sandy bar of the Kayamkulam

ostuary is eituated almost midwoy botweon the northern
and southorn onds. In front of tho barmouth the cst-
uary is 2.74 ka wide. PFProm the barsouth the width
decroasos bdoth towards the north and south. The
southern half of the estuary is very narrow, the
averuge width not excoeding 0.4 km. Prom the region
opposite the barmouth an arm of the ostuary extends

to the Kayamkulam town in the north easterly direction.
Tho estuary is supplied from the north by three cansls,
which discharge part of the flood water from the Pompa:
and Achankoil rivors into the estuary during the monsocon
period. In the Bouth, tho ostuary merges with 'VYatte-
kayal' which forms & sort of reservoir for the flood
waters brought down from the adjoining lands and
canals during tho monsoon. Two canaols, one from the
Achankoil river asnd anothoer from the paddy fields open
into tho north-castern ara of the estuary. The bar-
mouth ocloscs come time botwecn Mareh and April and
from this time onwards tho watexr in the ostuary is
almost stagnant till tho middle of June when the flood
wator ascumilates and the bar is cut open to allow the
ogress of flood water into the soa. The bottom sodiment
in the Kayamkulam cstuary is composod of soft mud with
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shoell fragmonts and picces of decaying msatorial
prodominantly of vegetable origin.

IN KWA >

The Cochin bagckwator is tho northern part of
the Vombanad Loke (Pig.3). The Vembanad Lake which
ie the biggest and most extensive one in Kerala is
situatod botwoon 9°28' and 10°10'N and longitudes
76°13' and 76°31E. Its longth is about 115 km and
breadth upto 15 km. Noar tho northerm ond of this
loko is situated the port of Cochin whexre the lake is
permanently connocoted to the seca by a nerrow chanuel.
Two large rivers, tho Periyor on the north and the
Pampa on tho south, flow into the Vembansd Laks.
Pringed by tho seinlsnd and meny thickly populated
islands, the backwator also roccives & complox system
of canals, rain water and sewage drains, somi-peronnial
and scasonal rivers and thoir tributarics. The inflow
of fresh wator from soveral sourcos particularly during
the monso.n monthe, is considerable and in the beokwaters
the mixing of salt and fosb water occurs. Tho continual
discharge of freosh water on the onc hand and tho inward
influx of sea water on the other, bring out highly
dynamic oconditions.



Pig. 3. MNap of the Cochin backwaters showing looations
of stations investigated.
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(11) Matorinls end Methods

Tho matorials for the larval studies wore
collocted from Ayiramthongue 1 km south of barmouth
in the Knoyamkulem lako and from Ernakulam channecl in
front of the Marine 8gience Laboratory, 1 km south of
barmouth in the Oochin backwatox. The collections
from the two estuaries were taken during tho same
poriod ie. from Juno 1976 to May 1977. %The plankton
samplos were collocted twice a month regularly using
& 50 om diamcotor organdy not hoving & mosh sise of 0,33 mm
from a country boat which had & speod of 1§ knots/Pr.
The duration of tho haul was 15 minutos and ocach time
two sugﬁtazre made, Colleoctions wore takon during day
time as woll as at night., The tomporature and salinity
at the stations wore also recorded at the time of
gollection. Occasional semplos of prawn larvac were
takon from othor places also for getting additional
information. The plankton collected was immodiatoly
presorved in 5% formalin. In the ladboratory, the
larvac and post-larvac wore sorted out for quantitative
studics, The total number of larvac taken during the

month were combined and averagod for each haul.



The material for the study of juveniles
was drawn from the commorcial catches from the
Kayamkulam laie and Coochin backwators twice @& month
from Juneo 1976 to May 1977. Additional information
was also o0dllootod from ocoasional sampling during
the above poriod. Throe fishing areas in the Qochin
backwatoers ond two arcas in the Kayaamkulam leke ert
soloocted to collect samplos from the throo types of
nots most commonly used in those areas. Randos
samples wore taken from cast net, stake net and
chineseo dip note from Ayiromthengu and Clappana in
the Kayemkulaa lake and from Bdacochin, Thovars and
Vypin in the Cochin backwaters. Data on cateh, effort
and other particulars were collocted from the fisher-
men in each fishing unit. Prescrved prawn samplos
were brought to the laboratory for reocording the
spociocs composition and other biological data. Pooled
monthly data of overy statiion from ocach type of net
from tho two ostuarios wore taken for occurrence
studies. Tho total longth of the prawns were moasured
in millimotres from the tip of thgrostum to tho tip
of the tolson.
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(114) A bdrief history of the Biology and Fishery

of Pgnasus indigus, Metepopaous dobsoni end
Motapensous EOROQOXOS

Depaription of apogigs

Tho threo most important specios of eoonomio
importance which constitute the major portion of the

prawn catcbes in Korala are Ponoous indique, Metsaponsoua

4obeoni and Y. mopnogeros. The presont study is mainly
bosed on these throe spociocs and the desoription of

only these threo specics aro given bclow., The loeal
names usod for these ponacid preawns are 'Naaran' for
P. indicus, ‘Tholly' and ‘Poovalan' rospectively for
Juveniles and adults of ). dobeoni and ‘Choodan' for

¥. monoqerop.

Phylus «+ Arthropoda
Class +« Crustacea
Sub=glass «+ Halagostraoa
Super order .+ Bucarida
Order .« Docapoda
Sub~order .. Natantia
Boction .. Ponacidea
Tamily ++ Ponacidas
Sub-family «+ PoOnacinae

Genus + o Ponacys Pabrisius
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Renseus indiqus H. Milno Rdwerds, (Pig.4)

Disgnostic Leaturess Rostrum to.thod dorsally and
vontrally. Rostrum slender, long with distinet doubdle

ocurve, i to twioe the length of carapace in the

Juvenile stages, often with 7-9 dorsal and 4-5 ventral
teoth. Sub-hepatic ridge absent. Abdominal segments

4th ond 5th koclod, kool on 6th sogment onding acutely.
Telson grooved, without lateral spines. Third maxilliped
reaches to the 2nd segmont of the antonnular poduncle.
Exopodite on the 5th pereiopod small, but well developed.
Modien lobo of petasma (Pig. 4a) rounded at the tip,
projeoting forward to the apex of the lateral lobe

which is covercd with sparsoly set fine sotae on the
suter surfacoe. Terminal portion of distal mrgin seorrated
with 12 well calcified tooth. Anterior mcdian progess

of thelyoum (Pig.4b) roughly semi~eircular and relatively
small, situated on stornito betwoon the 4th perociopods,
minute apical spines prescnt on the anterior margin of
this proceoss. Two large latorsl plates housing seminal
receptacles occupy most of last thorscic stormite.
Lateral plates mcct cagh othor in mocdian line whore

edges of plates are upourved to form appesrance of a valvo.



Pig. 4. 2enatus indious K. Milno Bdwards. lateral view
4a Petasma; 4b. Tholyoum

Pig. 5. Matapepacus dobsgni (Micrs) Latoral view
S5a Petasma} 5%, Thelyoum

Pig. 6. Nasapepacua monggeron (Padrisius) Ieteral view
6a Petasma; 6b. Tholyeum
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Genus - Jotsponacus Wood-Mason and Alcook
Natancaseus dobagnl (Miers) (Fig.3)

Rostrum dorsally toothed only. Body tomontose,
rostorum oxtending a litile beyond the tip of the anten-
nular peduncle with 8 or 9 dorsal teooth and having a well
marked double curve. The antonnular spine is not vory
strong and not econtinued backward as a strong ridgec.

The 5%h abdominal somite about 2/3 length of the 6th,
which is a 1little shortor than telson. %The inner anten-~
nular flagollum longor than the outor, oxeceeding its
peduncle in length. All the logs short, the chaclao wecak.
8trong spines prosent on the bscses 5f all three pairs of
cholipeds. The lagt pair of thoracic legs do not roach
the middle of tho anteanal scule. In the adult fomale
the last pair of thoracic legs is gonecrally reproscnted
by a coxa to which is axrticulated a horny stump. No
exopod on the 5th pair of legs. The potasma (Pig.5a)

is quite symmetri.ocal, and in the adultes it ctnsists of

2 rigid sogments tightly folded throughout their longth,
interlocked all slong their anterior margin, and in close
opposition along a groat part of thoir posterior margin
so as to form a compressod tude. Distally the tube onds

in a pair of simple distomodian spouta, and whore the
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spouts originate thore are four papillae or short
filaments, 2 anterior and 2 posterior. The thelyoum
(r1g.5b) consists of a broad concave modian tongue
enshoathod posteriorly in a horso-shoe shaped process
formed b, tho union of the larval lobos of the organ
itself.

Matepeneeus mongcergy (Pabricius) (Pig.6)

Rostrum with dorsal tooth only. Body covered
with stiff, vory short tomentum. Rostrum nocarly
straight, uptilted, reaching noarly to or a little
beyond tho tip of antennular peduncle, armed dorsally
with 9-12 toeth. Post rostral crest eontinued to, or
almost to, postorior border of carpace. Yory small post-
orbitel tooth., Gastric region defined antoriorly by
short oblique post-orbital groove. 5th abdominal somite
about 2/3 longth of 6th, 6th a little shorter than
tolson. Outer antennular flagollum slightly longer than
innor, not much sore than half the lengtn of peduncle.
¥hon extonded tho deotylus of the last pair of thoraoie
appendagoe, rcaches & little boyond the middle of antonual
scale. No oxopod on the Sth pair of legs. Petasma (Pig.6a)
lylmt:ical. consints of 2 rigid sogments, tightly foldecd
longitudinally, interlocked all along the antorior margin
80 a8 t0 form o ccmprossed tube; tube ends distally in a
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pair of large gargoyles with postorior lipe
convoluted. Pho thelyocum (Pig.6db) concave, bounded
latorally by pair of ocar-likm lobos with frec edge
inocurved, bounded antoriorly by median projecting
tongue ombedded betweon 2 lobos of stornum correspond-

ing with ponultimato pair of legs.

Riatxitytion

Donsous indious is fairly widoly distributed
in the Indo-Pacific regions, ranging from the cossts

of India and Qoylon to the West through Gulf of Aden

to the east coast of Afriea and Madagasgar, $0 the

cast to Andamans, Malays, Singapore and Indoneosia.

It is a commercially important specios in India, Ceylon,
Malaya, Singapore, Mosambique and Madagasgar. It is
roported to be enjoying a socattered distribution in
Australia, Now Guinoca and Philippines and found raroly

in waters east and south cast of Bormeo.

In India this spocies supports commercial fish-
eries in both tho sarine and ostuarine onvironments on
tho east and west coasts. De Bruin (1965) stated that
they prefor sandy'botton and shollow wetors of the soa
within 3.7 to 11m. On tho coasts of India the adults
fora part of tho prawn fishery within 45 m dopth in the
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sea. In Madegascar and othor parts of Bast Africa
fishable concontrations of adults are rarely found
at depthe groator than 10m (Crosnier, 1965).

Motepougous dovesoni is distributed in waters
of India, Malaysia and Indounosia to Philippines. It

is found in brackish water as well as marine environ-

monts.

In India the spocios is present in the Juvenile
stagoe in most of tho ostuarios and backwaters along
the coast lino and the adults in inshore areas upto 40m
depth with muddy bottom. It is more common along the
Bouth West Coast of Indis, where it contributes to a
major fishery.

Netaponacua monogoros is distributed in Bouth
Africa, Moditerraoncaen and Indian sces to Malaysia with

the oastern limit as Malaca straight. Juveoniles are
found in ostuarios and adults ogcur in tho sea, ususlly
in shallow wators, but to a depth of 50 to 60 m on the
Cochin Ooast of India (Goorge ¢t al, 1968b) and to 7Om
off Durban,Bouth Africa (Joubert, 1965). Both juvoniloes
and adults arc usually found on substrates of mud, silt

or muddy sand.
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The 1lifo history of the above msntioned three
specioce is completed in two onvironmonts. Thoy arec the
marine onvironmont amnd the brackish water cmvironment.
The breocding and the larval devolopment take place in
the soa and recruitmont into the bLackwators commcnces
at the aysis or early post laorval stages. Thero they
fecd and grow for adbout an yoar and then returnm to the
soa for spawning. Differont stages of larvae are also
obtained in the lake collootions during high tide.

Brssding

Renseus indious, Motaponeous dobeopl and M.
monogeros are hoterosoxual. BSexes ocan be distinguiehod
by oxtornal characters such as tho presenge of sex organs,
potasma and appondix museuline in male and thelyocum in
femalo., In the caso of 2. jndigus Monon (1951) reported
the aise of mature individuals as 150 mm and over.

Rao (1968) gives the minimum sise at maturity for M.
dobeoni as 64 mm in total length. Tho size at maturity
for M. monggoros as cited by Goorge (1963) is before
attoining a length of 120 ma. All those spocies are pro-
miscucus. During mating tho sperm packs known as
sporsatheca are dopositod by the male in the external
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genitalia of tuoc fomale. Tho fomale carries the
spormathoon and the sporms are disporsed at the

timc of spawning. Portilisation is oxtornal. Whon
thoe coggs are extruded from the genital opening of
the fomnle the sporms are disporsed from tho spor-
mathoca., Rao (1968) has estimeted the fooundity of
P. indicus os 68,000 in a fomale of 140 ma total
longth end that of M. dobaoni ranging between 34,500
and 159, 000 eoggs.

Based on tho oocurrense of post larvas of the
spocics in the Cochiin backwators, Goorge (1962)
recordod tho broeding scason of 2. M as from
Octobor to May with two peak spawning periods, one
in Novembor-Doocember and the othor during Februery
to April. Monon (1955) has reported tho peak spawning
poriod of M. dobeoni in Cochin goast as May to Deecmbor.
The spawning scason of M. 30NQGeros in thoso areas as
notod by Goorge (1959) is from Qotobaor to Deccmber
with a poak in Novembor and Doccmber. By olosely
following the sise of the spawners during breoding
scasons Reo (1968) concluded that individuals of P.
indicus and N. gobsonl spswn five times during a life
time and that the interval setween two sugscessive

spawnings is about two montus. With regard to spawning
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grounds Panikkar and Menon (1956) stated that P.
indicus seomed to profor deoper wators for brecding.
Menon (1952, 1965) and Qoorge o% a) (1968b) observed
that ¥. dobsond spewns in the inshore waters, withia
the 30 m lino. George and Goorge (1964) have reported
the spewning ground of M. monogccrog in o sandy area at
a depth of 50 to 60 m off Boohin.

Loraing, Bngens

Observations on the life oyclos of a fow preawn
spocies have been ocarricd out in recent yoars by
soveral workers, bascd on ficld data snd laborstory
oultures (Menon 1937, Budinaga, 1942y Subramanyam, 1965,
Raje and Ranade, 1972). As obsorved by Subramanyam
(1965) the ogg of P. indigua is spherical with oconsiler-
able periviteline space and moasuros 0.45 to 0.47 =mm in
diameter. Agcording to Menon (1952) the egg of M.
4obaonl moasures 0.35 to 0.44 mm and based on the studies
of Rajo and Ranade (1972) the egg of M. monocoros messurod

0.3 mm in dismstor.

The larval development of P. japonigus ean sllied
aposies of P. indiocus is fully known now (Budinaga, 1942).
Aftor fortilisation the ombryo begine to show signs of

movemont within the egg-mombiranc and in 13 $0 14 hours



aftor spawning the nauplius omorges from it. There
are six nauplior stages, cach stage formed after the
soulting of the provious stage. The 6th nauplius
moults in about 36 to 37 hours and the first soca
omorges. Aftor the 3rd soea moults the mysis stage
emexrgos. The sizo of tho mysis stages veries from
about 3.10 mm length in the first to 4.52 mm in the
5rd stago. Tho post larvae emorge aftor the third
mysis moults. Afger 10 to 12 amoults thoy bogin to
oreop on the sand as tho adults, and after 20 to 22
moults the shape of tho body and sppondages rescmble
those of tho adulte and when the prawn is about 6 om

long it gots its oolour.

Menon (1952, 1965) bas desoribed the lerval
history of M. 4obsoni. The larvae aoquire most adult
chareoters in tho eourse of 21 moults. Three naupliar,
3 protosoeal, 3 mysis and 13 post larval stoges. Rear-
ing experiments by Menon (1952) showed that the nauplius
phase in the life hisbPy lasts from 24 to 36 hours.
Aftor the last mysis stage, moulting occurred at inter-
vals of 2 days @t first and suvsequoently at intervals
of 3 to 6 days. It took approximately 7 weeks for the
1st post-larva to reach the 13th atage.
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A complete desoription of larval atages
leading to the post larvae of ). BORQAGres bas beon
given by Raje and Ransde (1972). Here thore wore
five nsupliar, threc protosoeal and five mysis stages
bofore beocoming post larva.

duvsnlile and AdLE HLSSRLY

Usually during the larval and post larval
stagoe, prawns of all the three specics mentioned
above cnter tho backwators and grow there for about
a yoar after whiok thoy migrate t5> the sea for bdbreed-
ing. The largest rocorded specinmen of 2. indigus
is a femele of 9 inchos (228.6mm) from the South
Wost Coast of India (Panikiar and Monon 1956). JYor
M. dotsoni Georgoe g% &l (1968d) observed the 125 to
1350 am group as the meximum size of females obtained
in the trawl fishory of Cochin. In the case of ).
monogeros a maximum longth of about 180 mm hes been
rocorded in the trawl fishexry of Coehin by George
(19%9).

The iamature prawns found {in beckwaters are c¢alled
Juveniles and those mature prawns in the sea are

montioned here as adult prawns.



Eutritiop snd growsh

Panikkar (19%2) has roported that the food of
P. indicusg consisted mainly of vegotable mattor and
erustaccans. Panikker and Meonon (1956) obsorved that
the food of M. dobeoni and M. mOnoaErog consists of
detritus, animal and pinut mattor. Hall (1962) found
thot the food of tho juveniles of P. jndicua from
Malayan prawn ponds sonsisted of orustacea, vegetable
mattor and polychaetes. George (1972b) analysed the
f£o0od contonts of prawns of the backwaters of Coehin
and found that in juvoniles small oruetaceans formed
the major food item. As siso increasod, seloctive
feoding was morc ovideat. Kuttyamms (1974) has made
a study of tho focding habdite of five speceios of penneid

prawns iec. Pgpacus indicus, PB. moncdon. Matepeuasus
dobsoni, M. monoceros and ). affinis from the Cochin
arca and found that the prawns fecd on both plant and

animal mattor togotuor with mud. The feod in goneral
consisted of varying amounts of organic matter mixed
with sand and mud. There apyoars to be some sort of
scloction for food in difforent specios, oventhough
thoy were colleccted from the samo environments. Thus
M. ponogergs was found to focd more on vegetable matter
and P. indigus on animal matter. (The reprint of the
papor is given as Ap, endix)



The young ones exhibit a faster rate of growth
than tho larger prawns. ¥From the sisc frequoncy
distribution of the cotchos from the Cochin area
Georgoe ot gl (1968b) eatimted a growth rate of 20 mm
in malos and 15 mm in fomales during four monthe
betweon first and seocond yoar classcs for P. indicus.
Using tho length frequency method Menon (1952) eon-
eluded that a longth of 60 to 80 == is attained in 7
or 8 months by M. dobaoni. Goorgo g% al (1968b)
studying tho eatches of the mochanised fishery of
Cochin, showed a growth of 20 mm in malos and 2% mm
in fomales during a poriod of 6 to 7 months in the
first yoar. Tho fect that females of }. dobsoni show
a faster rate of growth than males has bdeen roported
by Monon (1955) ond Goorge (1961) and George et al
(1968b). Growth rate of J. mongearop in the laboratory
as recorded by George (1959) varied between 6.25 and
10.25 mm per month. Difforontial rate of growth in the
sexos, foemnlos showing the fastor growth rato, has been
rocorded by George ot a1 (1968b).

Movouents

One of tho methods employod for studying the move-
ments is by tagging the prewns or ‘the mark- regovery
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sochnique’. Goorge (1967, 1972a, b) -end Ranade

(1967) and Rao (1972, 1973) have desoribed the
experiments on the movements of prowns by tagging.

Tho tochnigque consists in catching the prowns,

marking them in different ways, rolocasing them into
their natural habitat, and finally studying the

results by recovery of the roloassed ones. Exocept

in the caso of Parapenaqopsis stvrlifors tho movements

of almost a&ll the penseoid prewns were similar in one
rospeot. After attaining a partioculer sise in the
estuary they moved t0 tho sea for spawning. %Then

the larvae are reeruitod into tho estuary. The sise
attained by tho differont spocies in backwaters is
different. The sise attainod by Pgonacus indious does
not execed 120 mm. The maximum sise of Metaponacus
dobsoni in the hohstcﬁt;:;gz- not oxcced 80 mm in
longth. Although it can be consideorod as maturo there
is no record of breeding in backwater. Tho sise attained
by M. BeRogeres in tho backwaters comes to 100 mm.

In the ase of 2arapcnasopais atviifera larval rooruit-
ment into the ostuary or the movesont of larger juvenilos
into the sea has not boen reported so far. It is believed
that this prawn sponds ite wholo life in tho soa itself.
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Deponding on the ayear from where prawns are
caught, prawn fishery in India can be considered
under three msjor heads~ marine, cstuarine snd fresh-
wator, tho first accounting about 2/3 of tho total
catech. The known fishing grounds in the soa are
soldon situatod far away from tho shore. Usually
fishiermen restrict their operations to tho shallow
arcas within the 40 » lino.

The vory fact that prawns constitute 96% of
the total marine crustaccans landod in India
emphasises tho importance of their fishory in the
sub eontinent. About 80% of the total landing of
shrimps from the Indian Occan is from tho Western
Indian Occan and the remaining 20% ${s from the Eastorn
Indian Occan., At prosont most of the fishing grounds
are along the Wost Coast. In the morine prswn fishory
along the Indian goasts ponacids form a little over
%08 of the total cateh, the roet being non-ponaeids.
Among the lattor, about 90% are haulod from Maharashtre
and Gujerat coasts. Penacid prowns are harvested
mostly along the aouthorn eocasts and of those the

msjor portion is froa Korala area.



The maerine prawn fishory which supports the
export industry is gonorally confined to shgllow
coastal arces within 40 = dopth and is oconstituted
by Penaeus indiqus, 2. monodon. B. maxguiensis, R.
semisuloatus, Moteponacua dobsoni, M. effinis,

M. mongcorom, M. hrevigornim and Rgrapeuecopsis
stylifora. All thoso specios, except Rarmpenseopeia
Btylifors migrate to the ostuaries and dbackwators for
feeding and growth, where theoy contribute to good
fishery. Oonsidoring the sige from the point of viow

of export potentiality, Penasua menoden and 2. indigus
arc the most importeut spocies.

Tho practice of growing prewns in rice fiolds
on a commercial scale has formed an importent part of
the fishing induatry of the Kerals 8tate for meny yoars
past. The post larval stoges of the shrimps are allowed
to ontor the peddy fiolds oconnectod to backwators after
barvost and closed to proveant thoir escape. ZThey grow
in sisc and aftor 5 or 6 months the prawns are ecsught

and processed,

In Kerala during the BSouth West Monsoon scason
there is a pohnomenon at certain localitios in the
inshore aroas called 'mud benk' formmtion or 'chakera'’
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es it is locolly ocslled. Due to the calming effeoct

of the area, and probably due to the presence of rich
mitrients, mud bank regions are very riesh in fishery.
Pishces and prawns are caught in large quantitios
during this timo., The fishing of prowns are more
important bocaeuse of tho high prices and demand. The
prawns horo are aggreogation of soveral separate schools

of & fow species of which Metaponoous dobsoni is the

major ooustituent.

A varicty of conventionsl fishing implomonts
are omployod for the capture of prawns in India. OQast
nets, bag nots, stake nots, ohinose dip ncts and a
variocty of treps are used in tho ostuarics, and shallow
inlets of the sca. Boat seines, shore seines and dip
nets are used in coastal wetors. Thoy are oporoted from
indigenous catamarans along the cast coost and dug-out
eanocs along the west. Ohain drogging is an sge old
method of colleeting prawns in the shallow lakes and
canals in Kersla. Receant introduction of mechanised
boats and trewl nots ensures larger hauls and greater
safety. Ostor trawls operated from mechanised boats is
widely used now in the sea. It may be montionod here

about the findings of tho presencoe of fairly good oon-
gontrations of ponaeid prewnas like Parsapendslus sapinipes.
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Rlesionike mertis, Plcsioniks onsie, Hesercqarpus

xoodmagopi end Hetorocorpus gibhosus along with some
other pecneoid prawaos ain the deeper wators of 200-300

metres off Koralu oocest by the introdustion of
modernised boats and trawls.

Though apart of tho ocatoh is marketed fresh,
major portion of it is processod and presorved to mecot

the demsnd of the market abroad.

Difforent stages of prawn larvec like nsuplii,
protosoes, mysis and post larvae wore sorted out separately
every month tor.nu-orical enalysis. Among tho different
stagos tho post larvae wore identifiod into spocies and
the total nuzber of cach specios during ovory month was
taken for furthor studiea. All the othor stages wore

takon togethor as ponaeid prawn larvae,
Percontage coantribution of different stagess

Of the total number of larvae collected in an yoar
(1976='77) from the Kayamkulam lako, nsuplii constituted
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12.6%, protoscea 19.1%, mysis 53.6% and post larvae
14.7T%. When the porcontages of difforent stagos of
larvae obtained froam Cochin backwaters in an year
wero token into considcration nauplii constituted
13.1%, protoszoea 20.6%, mysis 57.7% and post larvae
8.6%.

Monthly osccurrence of larvae:

Monthly ocourrence and abundance of different
larval stagoes in the arcas studied are shown in Pigs.
78 to 74. Prom Pig.7s it is cloar that the numbor of
mysis, which is the predominant larval group in the
Kayamkulan lake was more from August to Deceombdor, the
maximum being in Scptomber. %Thoy were poorly represcntod
in the colloetions from Fedruary to July, the minimuas
boing in July. As soen in Pig.7a in the Cochin backwators
nysis wes abundant from August to Degomber and from
January to May, the maximus nusbor being in Boptembor
end Jonnary. ZThoy were scarce during June-~July. The
protosocea were abundant in the Kayaskulam loke from August
to January, with the maximum in October. As seen in Pig.
7o they wore poorly ropresented in tho eollections from
February to July, the minimum being in June and July.
In the Cochin backwators, protosoeca oeourred throughout

the yoar, the maximum number occurring in Pebruary. PFrom



Pig. Ta. Histogram showing the monthly ocecurrence
of tho mysis stage per hsul in the XKaysmkulam
lake and the Cochin baokwaters during 1976-'77.



1900

‘Z’é‘: 1300

NUMBER /HIRURL T 72 082, - |

1500+~

o
S

3

9

O

@)
I

N L MYSIS

T

-~

o

O
3

300t

!
ax

éfiur

-

4: E“ I v SEP OCT Nw 5 .”"riif J&N FEB MAR 4PR fiaY

1976 FeB



e

August to October and from January to March peaks of
ogeurrence woro observed. In the Koyamiilam lake from
Septembor to Dogomber the nauplii stages coourred, the
maximum number being in Novembor. As shown in Pig.7e
from Docomber onwards upto August they wore poorly
represcnted in tho eollections. In the Cochin backwators
neuplii larvee were common from Beptombor to December
and from Pebruary to Moy, Tho maxisum numbor ocourred

in Yobruary and the minimum number during June-July.

Qaaurrengo of post larvae

Tho prown fries belonging to the sise ranges from

émm to 20mm for Ponscus jndicus, 3=z to 17Tmm for Motapop~-

agua dobmonl and fze-4ma to 18am for Motaocnsaus monoaexos
are mentionod as post larvae in the present investigation.

As soen in Pig.74 on tho whole tho post larvac were
abundant in tho Kayamikulam lako from October $0 Jonuary,
tho zaximus being in Decomber. Minimum number of post
larvae occurred in July. %Two peaks of occurrence of post
larvae wore obscrved in the Coochin bagkwators during
Ootober to December and from Pebruary to May (Pig.74)

tho maximum numdor boeing in March and Novomber and the
miniaum in June and July.

#pecles gomposivions

Post larvae of the following spocies ocoocurred in



Pigs. Tb to T4.

Histograms showing the monthly ocourronce
of the protosoes, nauplii end post larvas
of penaeid prawns per haul in the :
ILake and the Coehin backwaters during 197
1977 (The black coluan depicts the Kayame
kilem lake and the while golumn depicts
the Coohin backwaters).
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both tho ostuaries.

Zonasus indicus, Moteponasus dobeonl, M. EOnQQeros,
Renaculs mopodon ond Metooconseup sffinis.

Among the spocics citod above post larvee of M.
dabeoni and P. indicus wore prodominant in the collootions.

Post larvae of other spoocies occcurred in fow numbors.
Peracontage contridution of each spooicse.

Of the total number of post larvae collected in an
yoar from the Kayomkulam lake P. indicus constituted 50.1%,

M. dobsond 41.9%, M. mancooxrom 4.5% end others 3.5%. In
the Coochin backwators the total number of post larvae

eollogcted in an yoar, M. dobsoni oconstituted 62.1%, p.
mm 21.7" Io mm 1205’ and Othﬁﬂ 3.7’0

Monthly occurrences

Monthly ogocurrence of post larvac of ocach spocics
from the Ywo study aroas are shown scparately in Figs.8a
to 64.

Ponscus indieus

In the Koyaskulam lake post larvae of P. jindicus
were collected throughout the year and they were predominant
almost throughout the period in the ocolloetions (Pig.8a).

The peak of ogourronco was observed during Oectober to January
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the meximum numbor boing in Decombor. In Novombor also
they wore abundant. They werc poorly reprosented in the
collcotions during April to July. In the Coohin back-
waters although post larvac of P. indiqus wore collooted
throughout the year the perocntage of oocurrcnec was

lower to that of tho othor area (Pig.8a). The meximum
pumber oscourrcd in two periods ono from Ogtober to Decombor
and tho other from Pebruory to Moy. They wore scarce in
the collections from Juno to August.

NMotaponsous dobasoni

As shown in Pig.8b in tho Kayamiilam lske, M.
dobsond was ropresonted in tho sample throughout the year.
But the peak of its occocurrence was from October to January,
the meximum number was obsorved in Novombor. The minimum
nusbor of M. 4obsoni ocourred during July. During April,
Moy and June thoy were poorly represcnted in the collections.
In the Cochin backwators also they were represonted in
the colleotion throughout the year. Pig.8b shows the
peaks of occurrcence from Novombor to December and from
Yedbruary to May. Tho saximum number occurred in March
and tho minigum in June and July.

Yoteponaous EQUOCEIroR

The poet larvae oﬂ. HODOGOros wers relatively
fow in the Kayeakulam lake throughout the year (Pig.8c).



mo 8a to 84.

Ristograms showing the monthly ococurre
of post larvas of d4different species of
Penneoid preawns in the Xayamkulam lLake

and the Cochin backwaters.

Nean numboer of {ut larvee of Pensgus
Andigus per hauly

Nean number of post larvae of Metapens
dobsonl per heulj

Mean nmumber of post larvas of mm
Boheseroa per haulg

Nean number of post larvas of other sp
of penacid prawns per haul.
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Maximum numbor of them ocourred during January, the
sinimum in April. In May there was no catch. In the
Cochin backwators poat lorvao of M. RONOGOXog was
represonted in the collection throughout the year and
their numbers were more than in the other estuary. The
maxisum nusbers occurred in Novomber. As the Pig.8¢
shows during July and August they wore rarely represontod
in the sample. Thoro wore two pealm 1>f osocurrenge for
tho post larmae of this spocics in the backwaters of
Cochin one from Ostodor to Decembor and the other from

Pobruary to May.

Qther apegics

Post larval stagos of Ponesus manodon, end Motaponaous
affinig which oococurred cocasionally in the collestions wore

takon togother and dealt with here. In the Xayamiulam lake
none of the above spocios was represonted in Msy, June and
July. MNaximum numbor of them were obtained during Novombor
(rig.8d). In the Coechin backwators also they did not ocour
in monsoon months ie. during June and July as woll as in

Pobruary and May. Maximum nunbor was obtained in November.

Elas yarieilions’

Post larvac of different sises were caught in the
collections. The total longth of post larveo were taken
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and they wero sorted into different sise groups.

Panasus indioua

The sise of the post larvee of P. judigus obtained
from the Kayamkulam lake rangod from 6mm to 20mm in
total longth. Post larvae of 11-15am longth were pre-
dominant in tho collcotions during November, Decombox
end April (Table~1) and that of 6-10mm sise was abundant
in October and Morch than osther siseo categorice and those
belonging to the group 16-20mm size wore dominant in the
sample during Jenuary and Fobruary. As Table 2 shows
the siszes of post larvae obtuined from tho Cochin back-
wators varioed from 6ma to 20ma in totsl longth. When
the total nuamber of larvae of P. indiqus in @en yoar wore
taken tho moet promingnt ocatcgory was 16-20mm sise. They
wore abundantly distributed in the collections in Novembor
and Pobruary. In Qotober and March 6-10 mm group was
nore in the sample. During Jenuaery and April 11-15mm sise
group predominated.

Mgtopopseus dobeonl

An analysis of tho sise groups of M. dobaoni
oocourring in the Kayamkulam lake during the poriod of
investigation showed that their sise varied from 3Sma to
17mm (Tableo-1). All the post larvac were grouped into 3
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sise catogories based on total length, the first group
bolonging to tboﬁongth range 3mm to Tmm, the sceond

group belonging to the length S8mm t0 12mm and tho third
category being 13=-17mm group. As Tadblo-1 shows the post
larvae bolonging to 8-12 am size dominated in the ¢olleot-
ions during most of the months. In Jonuary, Maroch and
April post larvae belonging to length group 13-17mm were
dominant than othor sise groups and in August and September
3-Tum group formed the major categoty. As Table-2 shows
the siszc of post larvae obtained from the Coochin back-
wators also variod betwoon 3mm to 17Tmm in total length.
VWhen the total number of post larvue were taken into
eonsideration those belonging to the size group 13 to 17mm
wore dominant and post larvee bolonging to 3 to 7 mm were
the lesst dominant., As tho table shows 3-Tma group was
predominant in Seoptember while 8-12 group dominated in
August and Jamuary.

Motaoohacul AUCQCEOR

In the Keyamkulam lakc toe total longth of M.
Bonogeron as observed from the ocollections raunged detwoen
4-18am. Post larvee bolonging to the sise group 9-13 =m
were dominant during most of the months, ospeaially in
June, Degomber, January and Pebruary. During August 4-8mm
group was abundant in the collecctions. The post larvae of
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the iongth rango 14-18mm wore dominant in Ogtober only.

in the Coshin backwaters also 9-13mm size group was pro-
dominent in the samplec during most of the months (Table-2).
Thoy were abundant in Ogtoder, Novombor and Pebruary.

In Septomber and March 4~-8mm group dominated and in April
14-18mm group was the major catogory in the eollestions

from this area.

Ragtora affeoting the oaqurrenge of prawn lorvee

The selinity and temporature are the two important
hydrographical parameters which normally influonece tho fauna
in & marine onvironment. The distribution of salinity and
tomporature of both surfaco and bottom wator in the Xayam-
kulam and Cochin backwaters is shown in Pigs.9 and 10
roespootively. Data obtained from the Xaoyomiulem lake reveal
that the cetuary displays vide fluctuations in saliniiy
ronging from 0.5%cin July to 34%.in April. In the Oochin
backwators the surfaec salinity ranged froam 1.2%:in July
and 33.7%-in March. In both the areas under investigation
definito scasonal fluotuations in salinity are obsorved,
During monsoon scason (June to Soptembor) salinity was
lower due to the influx of fresh wator into the estuary.
During this period in the Keyamkulam lake salinity varied
botween 0.5 to 25%,and in the Cochin backwaters bdotwesn
1.2 %0 28%.. During the post monsoon season (October to



Pig. 9. Temporature and salinity veriations in the
Kayaskulam Ieko during 1976-'T7.

Pig.10. Tomperature and salinity variations in tbe
Cochin backwaters during 1976-'77.
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January) salinity rises and tho range was between
28%.and 30%:and 31.2%.and 33%.in cach estuary. During
the pre monsoon poeriod (Pebruary to May® high values
have beon recorded. In the Koyamkulom lalke the salinity
ranged botweon 31.0%.and 34.0%.and in the Coohin bagk-
wators between 32.5%:.and 33.7%.8.

The monthly variations in thoe surface and bottom
temporatures during the poriod of investigation in the
two ostuaries arc shown in Pige.9 and 10, As tho figures
show variations in tcmporature are not so promouncod as
the salinity in both tho arcas. The teaperature reachos
its soaximum during tho premonsoon poriod. Tho range of
temporature observod in tho Kaoyaamkulam lako (Pig.9) was
botween 25.6°0 and 32.6°C and in the Coochin backwatoers
(?ig.10) tho ronge was betwoon 26.0°C end 32.0°C., Low
temperaturvs have been obsorved during tho monsoun season
duc to tho heavy reins and fresh water influx.

Bffeot of Hydrographicul variations on the occocurrence
and abundanoe of prown larvaes

As Pigs.T7a to 74 show:, prawn larvac were abundant
in the poat monsoon scason in both tho arcas whon tho salinity
and temperaturc were moderate in thoe medium, scareity of
prewn larvee wore noticod during thoe monsoon season when

tho salinity and tomporature of water bocase lowored.



In the Cochin backwaters larvao were abundant during
premonsoon scason also, whereas in the Kayamiculam lake
thoy were few in numbeors. This can be attributed to
the closing of the bermouth during this period in the
Koyamioalam lake.

?1da) effoot:

The tidal amplitude in the region is about 1m and
deapite tidal variations the depth of the area from where
eollootions were made in the Keyankulem loke remained 2-3m,

The numbor of prawn larvac obtainod in tho 6olloot-
jons during low tide and high tide was worked out separatoly
for each month, As shown in Tublo 3 except for a few inst-
ances the number of larvac was higuer at high tide than at
low tide in both tho estuaries.

Iunar effect:

The number of larvae for the bright and dark halves
of the month were taken soparately and tho results are
shown in Table-3. From tho table it cen be observed that
collootions during the now moon fortnight were richer than
those of the full moon fortnight in almost every month in
both the cstuaries and the yoarly percentage of ceourronce
in tho Kayamkulem lako during full moon fortnight was 37%
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whereas during new moon fortnight it was 63%. In
the Cochin backwaters the yearly percentage of ocourr-
enco was 47% in the full moon fortnight and 5%% in the

new moon fortnight.

Diurnal effects

The day and night ¢ollecotions were anslysed
separately to study the diurnal variations in the occourr-
onoo ot_[hrno and the results are shown imn Tablo-3. It
was found that there was significant differonge botween
day and night collections, from both the lakes. Iarvae
wore abundant at night and scarce during day timo. T%The
yearly perccntage of larvae obtoined in day colleection
from the Kaysmkulam lako was 25 whereas the porcentage
of larvae in tho night oollection from the same area
was 75. 1In the Cochin backwaters the percentage of
oocurrcnge in day oolleoction was 30 and in tho night
eolleotion it was TO.

Recruitmonts

Prom the forogoing study, the period of recruitzont
o{fhmo and post larvae of ponacid prswns could do assossed.
In the Kayaskulam lake, larvao wore recruited from August
onwards and were abuundsnt upto Jamuary showing only onme
poak of occurronce. In the Coechin backwatcrs larvae
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appeared in August and wore abundant upto November.
After a dooreaso in the magnitude of abundangce during
Doeombor, larvae occurred abundantly in the collecctions
from Jamuary to May in this area. Thus thore wore two
poaks of ocourrence in tho Coohin bagkwators.

Yor studying the migration of post larvae of
prewns into the Cochin backwator an invostigation was
sonducted by collecting them during high tide at differ-
ent depths noar the barmouth (Xuttyomma and Kurian 1976).
The rosults suow that the intensity of migration depended
on the hydrographical conditions of tho area and thaut the
number of post larvae were more in the surface wators
and less in tho bottom. At tho scme time the largor
onos were more near the bottom. It was also obsorved
that the post larvae of M. dobaonl were more abundant at
all the turco lovele studied.

JUVENILE BTUDIES

Hore tho teram Jjuvonile refors to the immature
prawns obtaincd from the commercial ocatches from the

estuaries.

Difforent typesof nets are operated in the lakes
for oatehing prawns. Tho simplost typoc of net is the cast
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0ot oporated by a single man by throwing it over the
water surface. Tho not is oporated throughout the year.
Bog like nots tied to poles driven to the bottom are
eslled ‘stake ncts'. 7The Chinesc dip nets are large
dip nets supported on long poles. When these are
operatod at night lighted lamps are used to attract

prewns.

The gast net is oporated for 27 to 28 days in a
month whon the weathor conditions are good. During the
monsoon, fishing is susponded for a mumber of days.

The gtoke net has a mouth of adbout 18m in ciroum-
ferengo and is operated for 12 to 18 days in a month.
The operation is bascd on tidal effeots. The time of
oporation is usually in the evonings extending into the
early hours of the night or at day break. This..net is
expactod tO be operated in the lake only during low tide
(Government order). Both during the bright and the
dark halves of tho month fishing is restrioted to about
half the period commencing on the tonth or cleventh dey
(Desami or Ekadasi) and oading sn the fourth or fifth
dasy aftor the now and full moon. In the Kayamkulam waters
saxioum offort by stake nots was observed during November
to Yebruary, coinciding with the heavy landings by this
goar. During this period fishormen used to got upto 0.5 kg
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of prewms/per day. During April-May fishing was

susponded owing to tho closing of bar south. In the
Cochin backwators the net is operatod throughout the
year but the maximus cotoh was from October to April.

Although Ghinese 4ip netg are oporated throughout
the year, the main fishing scason is from Octobor to January

in the Kayamkulam lgke. During the best socason about 50kg
of prewns/not are odtainod during a single night. Maximum
cateh was in Docomber and Janmuary. In the Cochin back-
waters also tho nct is oporated throughout the year, the
saxisuns catoh being from November to Maroh.

Prewns eolloctod from tho two estuarics by the
adbove three types of nots wero analysed separately.
Colleoctions from the different stations were pooled together
and tho average dat:figxon for the ocourronce studies. Al-
though tho throo types of goars under consideration ie. cast
net, stakc net and chingse dip not are operated mainly for
prawns, small quantitios of fish and orabs are also caught
by these nots along with the prawne. The proportion of
prowns variod from 20 to 60% in the casc of cast not, 50 to
90% in the chinese dip not and 40 to 80% in the case of
stako nots in the Kayamkulam lake and the prpportion of
prawne variod from 15 to 70% in cast net, 30 to 80% in
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tho chinese dip net and 20 to 70% in the case of
stake nots in the Oochin basckwaters during the period
ojim-ugation.

Tho spocies of prewns composing the satches in
thoe difforont nots wore not significantly varied, as
revealed by the regular analysis of fortnightly samplos
from difforent contres in both tho ostuaries. The list

of spocics recorded is given belows

Renacus indicus, 2. monodon, Metapspasus dobsoni,
. mouncgerce, M. affinie.

Among thesec, P. mopodon and M. Affinis ocourred in
insignificant nuambers and therefore they were eonsidered
as ‘'othor spegies’. 7Tho prawn fishery in the Kayaskulam
lako and Coohin backwaters are supported mainly by the
threo species of ponacids vis. R. indigus, M. dobsoni and
3. mangaexes .

Seorwise porxcoptage getoh aompeosition?

Dota obtained from each type of net was anslysed and
the results aro given in Pig.11. ¥Prom tho figure it will
be seon that in the total cateh taken from the cast net in
the Kayamkulam lsim, tho percentage occourreuee of P. indicua
which was the major constituont of tho cateh was 58%,



Pig.11. Gearwise percentsge catch composition o%ﬂhﬂonouo spocies
of penmseid pruwns in the Kayemkulam Xeke and im the Cochin
beaockwaters during 1976-'77.
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M. dobsoni aeonstituted 36%, J. monogoros 5% and othor
spocies togother 1% . In the Qoohim backwators, of

the totol collootions taken in an yoar, 2. indicua
constituted 41%, X. dobmoni 39%, M. moneearom 14% and
others 6%. The stake not collecotions from Kayamiulam

lakos showod that P. indigus constituted 39% of the total
colleoctions, }. dobmoni 46%, M. monogerom 12% and others 3%.
In tho Cochin backwaters the oatoﬁ composition of Ponacus
indicus was 28%, M. dobeoni 64%, M. mopogeoram 6% and otuers
2%. 64% of chinese dip not colloctions from the Kayamkulam
lake was constituted by P. indicus, 52% by M. dobaoni, 3%
by M. monogoros and 1% by other species. In the Coohin
backwaters catohos from Chinese 4ip neots were composed of
21% B. indious, 59% M. dobsond, 17% M. mopogoros and 3%
othor species.

¥onthly ggaourrenae of differend sveeies in different nete

As Pige.12a and 12b show Panasus indious was the
most dominant spocies of prewns obtuined in the cast net

in both the ostuarics, although the pereentage of coourr-
engce was more in tho Kaycmloalam lako. In the Kayankulam
lake P._4indigus was caught adbundantly from November to
April, the maximum boing in Decembor. In tho Cochin baok~-
waters thoy were abundant from Ostober to Dccomber and from
January to March, the maximum deing in November. During
Juno=July they wero scarce in the Cochin backwaters.
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M. dobdesoni ooccurred abundantly in the cast not
catches from the Kayamiculam lake from Ogtobor to Decembor
and from January to May, the saximum being in January and
the minimum porcontage in July. In tho Cochin backwaters
M. dobeoni wes dominant in the cast not catch from Scopt-
omber onwards upto Decomber, again froms March to May, the
maximup pereentage of occocurrence was in Novenber and the

minismunm in June.

M. monoceoeorop occurred in the cast net catchos
from the Kayamkulam lake fros Scptomber to Ivcoaber and
froa January to May in small peroentage, the moximum being
in April. 1In the Cochin backwaters M. mopnogoroa ooccurred
froa August to Decombor aud from Januery to May, tho

maximus numbor boing im Oetober.

Otuer spoccics of pennoid prawns like P. ponodon and
M. 8Ltinis wore csught only in fow numbors occasionally in
both the atudy areas.

The percontage occurrence of different spocics of
penaeid prawns obtained froam the stake not catches at the
Kayamkulam laxo and the Coohin backwators are shown in Pigs.
120 and 124,

As seon in tho Pig.120, P. indiocus was abundant fros
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September to December and in Jamuory in the Kayamkulem
lake. The saximum catoh of this spcoios was in January.
In the Cochin backwators 2. indigus wss plonty in Novomber,
Degomber, January end Fobruary end the maximum percontago

in Decembor.

M. dobeoni was tho prominant species in the stake
net catches from both tho backwaters, although the per-
eontago of ocsccurrcnce was highor im the Coochin bagkwaters.
In tho Kayamkulam lake thoy were plonty in Novembor,
Jamuary to March, the maxiaus number boing in Pedbruary.

M. dabaoni wes abundant in the steke not catohes from
the Coehin bagkwators from October onwards to Degombor
and in January and Pebruary. Maximum number ogeurred in

Noveomber.

¥N. monogerog showed thoir abundance in the stake
net catches of the Kayamkulam lake in January and February
and in the Cochin backwators in Septomber and Oetober,
Other speocics of ponacid prawna >ccurred occasionally in
tho catchos, more in January to March in the Kayamkulam
lake and in Junc and Soptembor in the Cochin backwaters.

Porcentage composition of different spocios in the
ochinese dip net catohos are shown in Pigs.12e¢ and 12f.
P. ipdious from the ocatchos of chinesc dip not showed
their predominance froa Novembor to March in tho Kayemkulas



lake and from Octobor to Docombor ond in March and
April in the Cochin backwaters. Meximum nmumbor of them
ooscurred in Decomber in Kayamkulam and in Novombor in
Coohin.

M. dobeonl osught by chincse dip nets in the
Koyamkulom loko showod thoir abundunee in Decomber,
Jenuary and Pebruary with a maxigum in January. In the
Coohin backwators M. dobsoni occurrod abundantly from
Octobdber to Decomber and in Jonuary and FPedbruary with
saximum in Deecabor in this area.

woas
K- mm‘ubundant in Yobruary and Merch in tho

Kayomkulam lako and in Novomber-Decombor in the Cochim
backwators, saximum nusbor ogcurred in Pebruary in the

Kayenkulam laie and in Dosomber in the Cochin backwatorxs.

Other spcecies were scorcc throughout the year.

filse variations of the prewns in the Kayomkulas apd
Qoghin begqkwators.

Sumples from the ocast not, stakc not and chinose
dip nots from tho two backwators were analysed separately
to know tue sise variations of difforent spocios caught
by differont nots. The studios showed no significant
difforence in tho wvariations of sises of prawns caught

in the two differont areas by tho same type ofnet. 8o



Pig.15. 8ise tnquow distribution of N.

S The eeatings
utt&m during 1mannnm
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pooled data of collections from eech type of not for
tho o lskes wore taken for longth frequoncy studiocs.

Monthly length frequencies in rospect of M,
dobsond, 2. indicua end ). monogeros caught by tho three
types of nots are shown in figs. 13, 14 and 15. Insuffic-
ient numbers or absenco of prowns in tho samplos aecount
for tho omféession of cortain months in the longth frequonocy

curves.

M. dobsoni. Spcocimens measuring below 30ma were extromoly
rare in the cast not collootions, tho largost spocimon
reoorded boing 90 ma in longth. The model positions

varied from 40-49mm in Juneo to 60-69mm in Septomber and
from 50-59mm in Novomber to 60-69mm in Sanuary. As shown

in Pig.1% in cest nots, among the different eise groups
60=69mm group prodominated for most of tho months particul~
arly during tho peak period of the fishory from Decombor
and January, whilo the cest net oatoh consisted of larger
sige groups, those in the stake net werc genorally smaller
in sise (fig.14). Tho sise group 30-39mm showed thoir
prodominance in Junej and in November 60-69mm group pre-
dominated after graducl inoreasc in the modal length.
During almost all the months the modal positions were
between 30-39mm and 40-49mu. Bpecimens meacuring over 70mm
were rare in the atake nots. In tho chinese dip net (fig.15)



Pig.14. Bise frequensy distridution of ). 4abaoni,
zom.“g‘; in the stake net
catehes during 1976-'77.
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the modal sise group in Beptombor was 30-39mm., After
gredual ingresse in their length during the following
monthe, in Dogombor and January 60-69mm sisc group was
predominans.

2. Apdigua. The samplos from cast nets were represented
by large sise proawns of the sise group 60-69mm in July,
70~-79mm in Novomber, 80-89mm in Novomber ond 80-89mm in
Dooemdor. In January and FPebruaery the samplcs were re-
prescnted by largor sised prawns of the sigse group 100-
109am. In tho stake not catches in Beptember 50-59mm
sise group predominated. Tho sige gradually inorcased
and in Pebrusry the modal group wae betwoen 90-99ma.

This gradually inoreased and in Jamiary most of the prawns
were of 80-89mm sizo (Pigs.13, W)

M. ponogercs. In the cast nets in August the sise group
50-59um sise was predominant. Pros 30-39ma sise in Sept~
émber there was a gradual increase till Jamuary when the
predominant sise group was 850-89mm. Then thore was a
gradusl increase in sise and in Deocmber the modal length
range reashod botwoon TO-79mm. In the Chineoso dip not
catohos in Septeabor the modal group belonged to the 40~
49mm range. Ia October majority of them bolonged to the
50-59mm group. In FNovember and December §0-69mm sise and



Pig.15. Bise frequenoy distridbution of ).
. Andigus and ). in the 0 8@
dip not oatehes during 1976~'77,
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in Jonusry 70=-79mm group predominated the oatches
(Pige. 13, 4 & 15).

The study of thdlength frequeney distribution of
tho two sexes glearly shows that there is differential
growsh in the two sexes, females exhibiting a higher
rate, as has beon obeorved by Monom (1955 and 1957)
and Xubo (1955%).

Sax_ratie

Ssarwiso percentages of males and fomoles of
d1fferont specics obtained in the Kayamkulas loke and
the Cochin backwators for an year is presented in Tadlo-4.
It 1s ovident that in tho Kayamkulam lako the fomales
predominatod in the catobes in the threo different type
of nots. A deolinc in tho proporsion of manles was notico-
able throughout the yecr in this area. In the Oochin back-
wators tho perccntoges of males and fomsles 4did not vary
significantly from caoh othoer but thero was a slight
dominance of fomnles over malos. All the turee spooics
obtained during the year eoxhibited almost the same sex

composition.

(v) DRisguasion

The migretion from tho brackish water, the hobitat
of tho juvoniles to offshore breoding grounds and the
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resruitmont of larvae and post larvae into the estuary
have deen recorded for a numbor of species of the genora
Denasus o»d Neiapenasus. Renscus metiforus (Weymouth et al
1933, ¥illiams 19354, Ingle 1956), P. ducrarum (Willidms
1955a), 2. Rishedus (Dekin 1938, Racek 1955, 1957)

2. sziantalia (Imi 1935), 2. indicua (Penikksr snd Menon
1936), Miassnasus Joxperl (Yasuds 1956), M. massersii
(Teends 956, Dall 1938), N. snaia (Yssuda 1956), M. dobsoni
[Piilr and Nencn 1936), N. mealaari (Rseekx 1955, 1957),
i m (George 1967) to nams but & few. An slmost

IAVe adeence of mature prawns in the estuarine catehos
WN attributed to & sonsersed departurc of these
populations towards the ses for breeding. The foregoing

ascount of the larval as well as the commeorcial prawns
in the two major estuarios in Keraslc gives a pisture of
the ococurrenco and the abundance of the penaeid prawns
in these areas. Tho results of thc larval studies show
the abundance of cortain stages in the samples during
gertain poriods. Both in the Kayamkulam lake and in the
Coohin buokwaters lato larvae at the mysis stage constituted
$3.6% and 57.7% respectively showing their predosinonoce
in the saxplo moinly during September to0 November. The
presence of large nuabors of larvae of later stagos likeo
aysis and the presonsc of ecarlior stages like nauplii and
protosces only in vory smell quantitios indicate the



absonce of any spawning withia tho estuary. As Tadble-})
shows tho perocentages of the larvae obtained in the
eolleoctions during low tido was signifiocantly lower
than the percentages of larvae obtained in the colloet-
ions during bigh tide. It indicatos that the movemont
of larvae wag into and not out of the estuary.

When tho abundance of prawn larvae in tho plankton
collections from tho two estuaries are ¢ompared thore
are cortain similaritics as well as some differencges.
With regard to spocies variations and periodicity of
ogcurronct® and the sise variations, there is similaority
betweon the larvgl occurrence in the Keyamkulesm lake and
the Cochin backwaters. In the foatures like dominance
of speocios, abundance of larvae and the peak scason for
tho differont spoecies there are not much rosomdlonces.
In goneral, tho total number of larvac obtoined in o unit
area in an year in the Keyomiulam lake was more than that
of Coechin bnckuato:o. Anothexr aspeet is that in the
Kayeniulan loko post larvae of Q. indigus dominated in
the collections whereas in the Qochin backwaters post
larvaoc of ). dobsonl dominated in the plank$on samplos.

It 1o obvious from the monthly observation that
there is dofinito scasonal variation in tho larval recruit-

ment into the two ostuarics although the larvae and post
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larvae ocoourred in the collootions throughout the year.

In the Kayamkulem wators only one poak period of larval
ocourronce ie. from Boptomber to January was obsorved.

In the Gochin baockwators thore were two peaks of ocourr-
ocnse for the prawn larvae, one from September to Deaomber
and the other from February to May. In the monsoon season
larval forms were scarge in both tho oreas. In the Cochin
backwators ococurronce of larvae wore at its maximums during
post monsoon and pre Wonsoon scason and in the Kayamiulam
lske they were represented abundantly in the collestions
during the post monsoon season. In the latter area the
reason for only one peak of larval ocgurrcnsce can bo
attributed to the closing of the barmouth during the pro-
monsoon scason. More than ono peak of oacurrcnce of

prawn larvao has boen reported carlier by Wickstoad (1958)
in tho Singaporo strait. The ponnoid mysis eol;oetod by
Wickstoad showed two pocks in June and November. Hall (1962)
also roported the abundonee of penseid larvac in a Bingapore
pond during two peak poriods ie. in March and Degesmber.
George (1962) has obesorved two peaks of occurronse for the
post larvae of P. indigua, one in Novosber-December and the
other in Pebruary-April in the Coohin area.

The abundance of penseid prawn larvae in the estuaries
gives an indication of the breeding scason of adult prawns in
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the sea. As tho larvae and post larvac ooourreod
throughout the yoar in tho bcokwators in both the placos
tho specios scoms to be continucus dreodors. Tho peak
of ocourrence >f tho larvac donotes the peak of breeding
season also. In tho Kayamkilam waters as theo period

of larval occurrcnce is from September to Decomber this
period seoms to be the principal breeding scason. In
the Cochin area brecding oppoars to take plage dboth in
Beptomber to Dogcembor and from Pebruary to May.

Panikikar and Monon (1956) indicated the existence of two:
dbreeding periods for P. indigus in the south west cocat
of India nomely October to November and May $o Juno.
George (1962) recorded the spawning season of P. indigus
from October to May with two poak spawning poriods in
Novomber=-Decomber and Pobruary to August in the Coehin
area. In the present studios also the findings obtained
from the Cochin backwaters more or less agrec with the
findings of George (1962), because 2. indigus were abundant
in the area during the two poriocds, October to Docombor
and Merch to May. In the Kayamkulams lake the abuudango
of larvac was from October %0 Jamuary showing only one
peak of occurrenge. Menon (1952) while studying tho
broeding of tho spocies M. dobsoni in tho waters of
Calieut on the 8.¥W. Qoast of India observed that many
broeding fomnles liborate their ogge in the inshore waters
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and he roported a spawning season from Septomber to
April with a peak from Septomber to Decoamber or January.
On the other hand, indireect ovideuces of the presonce
of posat larvae in the backwators of Coshin suggosts
thet maximum numbors spawn from May to Doccaber.

Similar indiresct ovidonco of the prescugse of carly post
larvae in the Cochin baockwators and also the maturity
oconditions of adult fomeles in the inshore fishery led
George (1962) and Goorge of al (1968b) to conclude that
the spocios broecds almost throughout the year with
peaks in June to August and Noveamber-Descmbor. Rao (1968)
obsorving the maturity conditions sof tho prawns also
soncluded that the specios breod throughout the year,
but ho recorded ons more peak spawning period, im April.
Tho presont observations on tho post larval oogurronce
in tho Coohin and Kayamkulam wators showed the prosence
of larval M. dgbsoni throughout the year with one peak
in the Keyaakulen wators ie. froa Octobor to January
and two poaks in the Cochin backwaters ie. from October
t0 Deocomber and from Pebruary to Moy. ZThose periods
may donote the poaks of breocding of this spocies in the
respootive ncarshore arees in tho soa. In the casec of
M. monogoros George (1962) studying the post larval
abundanco of the spocios in tho backwators of Cochin,



6.

recordod that the species breed throughout the year
with two peaks, the first in July and August and the
second in Noveuber and December. In the Gulf of Kuteh
area, thc spawning season is from Pebruary to April
(Srivastava, 1953). Tho prosent investigation on the
oocourrence of larvae in the Kayemkulam and Goohin back-
wators gives an indiecation of their Sr«diu poriod in
the sea. In the Kayamkulam Iake they were abundant in
Deoember-January months, showing their brecding tine
during these monthe in the sea in this area. In the
Cochin backwators the two peaks of oeourrense of M.
200000ros wore from Septomber to Decembor snd February
to May showing thoso periods as their breeding time.
Regarding ono period of peak of occurronce in the Qochin
backwaters 1¢. from Septomber to Decombor it agrees with
the findings of Goorge (1962).

Observations on the sise distribution of post
larvae of difforent spocios of penaeid prawns in the
Swo areas studied do not show any significant variations.
Post lervae above Sam and bolow 12mm for M. m)
above 11 and below 15amm for P. jndiqus and 9mm and
below 13ma for M. NONQGQOXQE Wwere commou in both the
backwaters. Btudies on the tidal effect, lunar effeet
and the diurnal offoet on the occurrence of post larvas
in the Iwo arcas show similarities. In both tho lakes
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the ccourronce and abundange of penseid larvaoc-are
significantly influensed by the above faotors.

larvae were abundant at high tide, now moon fortnight
and in night (Table-3). Budreamanysa and Ganapeti (1971)
reported that the full moon and now moon periods appoarcd
t0 be equally good for the post larval reoruitment in
the Godavary estuarine system. This is different froam
the present obsorvations. Hall (1962) has roported

the abundange of prewn larvac in the hours of darknoss
than during day light. Thigis in agreomont with the
present findings.

Studies on the effect of environmontal factors
on the ossurrence of prewn larvae in the two estuarics
showed that salinity more than teaperature is influencing
the abundence in the bdackwaters. The larvae wore numorous
in the colloetions during Beptember to Docembor when
moderate salinity and tomperature prevails. During
monsoon months ie. from June to August when salinity
boosme very low in the watoer they were rarely represonted
in the collootions. Bldred ef a] (1965), Chrietoms et al
(1966), Temsplo and Fiseher (1968) and Mumro ot al (1968)
have reported higher abundange of Ponsoid larvae as
temperature of water increases. The variation of temper-
ature in the present areaz are not much and so the influonee

of tempeorature as such may not be significang.



The data on tho commorcial prawns taken from tho
three principal nets opornted in the Koyamikulem lake and
Oochin bagkwators show that the prawn fishery of the above
two arcac is of consideraobdle megnitude. Prawns are landed
throughout the yoar with poak landings in Ogtober-January
period in tho Kayaaskuleom lake and froz October to March
in the Cochin bagkwaters. During June-July prewns were

rare and the fishery was susponded for some time.

The Kayamkulam lake ie vory rich in prawn fauna.
The prawn fishery of this arca is unique in P. indicua
contributing the major portion of the fishory ie. %0 well
ovor 54% of the fishery. Purthor, an obaservation of
the data shows that the fluctuations in the total back-
water prown landings are entirely dependent on the success
of P. Andicus fishery in this area. In cast note and
ohinose dip nets this specics was contributing 58% and 64%
respoctively of tho total prewn catchos. Tho fishery of
this spocivs shows & peak in QOetober-Janusery poriocd. In
the Coohin baciwators M. dgbgoni constitutes to over 55%
of the total catches, 64% of tho stake not catchos in this
area was constituted by M. dokaoni. 7ZThis species occurred
throughout the yoor with a peak in October to December period.
In the Kayamkulaa lako }¥. dobaoni was the noxt adbundant
spccios in the commorcial catches obtained meinly by stake



nets and in tho Cochin backwators P. indigus ranked
second in abundanco obtained mainly by cast nots and
chinosc dip nots. Tho otuor species which wore cought
in smali quantities wore M. monocoxos, 2. mongdop and
M. afLfinls respectively in the order of their abundance.
In tho Kayaskulam loko M. monogorgs forme an insignific-
snt component of the pruwn fishery unlike in the Cochin
backwaters.

Tho size composition of the commorcial catches
of P. fndiogus, M. dobeoni ond ].‘ nuoaergs obteined by
different ncte show zome difforonces. Whon the catghes
of the threo nots were compared, prawns of biggor sizes
were mainly caught by cast net and thqn of small sises
by stake not. Prom tho length frequency distribution
(Pige. 13, 4 and 15) it is ovident that prawns of more
than 80mm are rare in stake nct catohos and prawns below
50mx a longth are rare in cast net and chinese dip nets.
Begause of thoso sise differonges the large sized species
2. indigup were predominant in ocast not and smellor sised
M. Qobsopi were predominant in stoke nots. In chinsse
dip net both tho large sizsed and small siged omes wore
more or lose equally distributed, the abundance depending
on the speeios distribution of the area. As shown in
Pigs.13, 14 and 15 tho sise of the commercial prawne ranges
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in the baskwaters of Koycmkulam and Coghin between
30me-90mm for M. dobsonl, 4Oma and 120mm for P. Andicua
and 30mm and 100mmior M. EQONoGEerQa. Mohammed and Rao
(1971) stated that M. moncgoros migrates %o the inshore
wators from Gochin backwaters at about a longth of 85mm.
Ou the aontrary, George (1959) is of tho opinion that the
emigration comwmences Gftor it reachos a longth of about
100mm in the Coochin backwaters. Tho present obsorvations
of the sise variations of M. ponocacros in the Kayomkulom
lake show <the presenco of only a fow nucbors of prawns
belonging to 91=-100mm group. The sise obtained by J.
dobaoni in tho Kayamkulem lake and Cochin beckwators as
obeserved in the prescnt investigation is below 90mm.
According to Menon and Reman (1962) the meximum sise
obtainod bolong to 91-100mm group, the proportion of
which nover oxceceded 3% in any month in the Oochin back-
watore. As the data suow P. indigus grows upto 120mm

in the Koyamkulem and Cochin backwaters. Tuis is in agreo~-
ment with the findings of George (1962, 1969), Menon (1965),
Menon and Ramen (1962). Hall (1962) obsorved the maximum
sise of the ipeoio- in the Bingaproe prawn ponds as 27ma
carapage length. This is about 113.4m total length as

por the coaversion rate given by him. Prom the above it
is ap;aront that the éntire bosckwater fishery is supported
by juveniles bolonging to the commorecially exploited
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species in the ofishore waters of the region. The
oecurronce of the juveniles in the bogkwaters
throughout the yoor indicates thaot spawning aetivity
of many of tho commercial species is protracted. It
is also ovident from the size frequency distribution
that the size composition of the differont species

varied consideradbly.

The present investigations show that the abundanse
and ogourrence of prewns in the Xayasiulem and Cochin
backwaters are influonsced by salinity, and tempersture
t0 & semallor extent. Optimum catech wae from Ooctodber to
January or Yobruary in the Kayamkulam lake ond from
Osctober to Muroh in the Cochin backwaters. This was
during the post monsoon season and in tho early part of
the pre-moneoon scason whon salinity varied betwoon 28%
and 30%., and 31%.and 33%., and the tomperature between
29.9°C snd 31.0°C, and 30.0°C and 31.5°C respestively.

In monsoon months espooially during June-July the salinity
bocomes lowered somotimes very nour t0 fresh water due

to the rains and influx of freeh water from the rivers.
During thie time prawns wexre scarce. The temperature
also becomes lowered somctimes to 26°C. The fluectuations
in tho prawn fishory arc related to various faetors by
difforent workore. GOunter and Hildordrand (1954),
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Thompson (1935), Monon and Raman (1962) are of the
opinion that the rainfall of the corresponding year
influences the prawn fishery to a great extent, while
Subremsnyam (1966) found that the magnitude of gu:imn
jenuipes fishery of tho Godavary cstuasry is directly
related to the annual river disghargos into the estuary.
Paxter (1962), Goorge (1962) and Subrosmonyam (1966) are
of the opinion that tho fiehory of penaoid spocics is
influenced to a great extent by the recruitment into
the ostuary. Slock Bmith (1967) studying tho prawn
fishery of Sharkn Bay, Western Australia, statos that
the prawn fishory is usually on ono year o0ld stoocks

and consequently violont fluctuutions in regruitment
are followed by similar fluctuations in the cateh. In
the prosont study it is found thot tho seasonal variations
of the prawn: are due to differont faotors. 8Salinity
variations may affecs the .nbundmo of prawns and hence
the prawn fishexry is indirectly influenced by rainfall.
Both the studios on salinity tolorance of different
species of ponascid prewns in the laboratory conditions
by tho author (Part-II) showod that all those specios
can tolerate a solinity raonge of 2% - 43%. . Also
studies on temporature tolerance of differont specics
in the laboratory (Part-II) showed thot they can survive
upto 35°C., As temperature in the notural heabitot never
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comes above 35°C and below 25°0 this factor alone
cannot affcet the scocurrenco and abundance of the
prawns in the ostuaries. 8o it appears that a
combination of differont environmontal factors and

the availability of food in tho area togother influences
tho prawn {isheiy. Another fagtor which may cause the
soasonol fluotuations in the backwator is the fluctuat-
ion in the reeruitment of larvae and poet larvae into
the cstuary becauso the prosent studies showed that
there wero peaks of recruitmont of larvae and post

larvee into thoe c¢cstuaries.

Gonorally the sex-ratio of ostusrine prawnse is
more or less uniform (Menon, 1957; George, 1959}
Raejalokshmi, 1961). In the present studies in the Kayas-
ulem lalke fomales of P. indieus., M. 4obeoni, M- monocera:e
and oth rs significantly outnumdored the males and in the
Cochin backwatere both males and fomales were more or
lese uniformly distributed throughout the year. No
marked scssonal variations in the sex were observed.
On the contrary Rscek (1959) found that the sex ratio
of Peaocua nlebius. Mmmng%uiandlo metoraii
from the cstuarine arear in the oontral and northern
coasts of New South Wales wore more or less equal during

8pring and Suamor months and showed a prodominant female



ratio during sutumn and winter months. Eldred g% gl
(1961) observed that tho sex ratio in Penseus duorarun
is predominantly fomalo for 8 monthes in am year in
Florido waters. Tho present observations on P. indigus,
M. dobeoni and M. MOR2QEXop in the Kayamkulas lake agroo
with the above roport by Bldred gt a) (1961). Thore
were no significant variations in the sex ratio of
prawne obtained by difforont nets such as cast net,
stake not and ohinese dip not. Anothor foature whioch
is noted in the catches from the two ostuaries is that
the largest prawns recorded wore always femnles and the
males soldom sppeared to reach thot length. This may
bo beeanuss of the different tolorsnce capasity for
varying salinities. Probadly the males arc less toler-
ant to low salinitios and honco move seaward to high
saline wators at a smeller siso than the femalss (Lindner
snd Andorson, 19563 Dall, 1958).
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TOLERANCE OF PRAVES TO SALINITY AMD TEMPERATURE
AND THE EPPEGT OF SALINITY ON QROWTE
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In nature, ajuatic animels are subdjected to s
variety of onvironmontal changes, snd they respond
t0 the total rosulting stimulus or atress rathor
than a singlc environaontal festor. . Bcologiocal
paramctors liko salinity and tomporature and their
fluctuations are of particular significanco to those
orgenisms liko penacid prowns, which spend gertain
portions of their life oyocle in tho open sca where
selinity and temporature are rclatively stable; and
othor portions in the cstuarine eres whore both thense
paramotors mey chango drastically. The veriations in
the salinity cnd teamaporature in an area may also
affoot tho growth of animals.

- Reviews on the effeots of salinity on marine
organism arc availablo in the works of Beadle (1957),
Black (1957), Poarse and Gunter (1957), Robertson (1957,
1960), Moore' (1958), Ramane and Schlieper (1958), Niocol
(1960), Prosser and Brown (1961), Iockwood (1967), Newsll
(1970), Kinone (1971) and Vernberg and Yermborg (1972)
which show that studiocs on this aspeoct on ponaseid prawns
are moagre, Likowise the majority of the studies on
temporature tolerance ond lothal temporatures of benthio
animals revicwed by Gunter (1957), Xinne (1960), Newell
(1966) are concerncd with rooky shore spccies. Studies



on the physiological mcohanism and responsos of prawns
which are glosoly linked with thoir ecology have &
significant role to play in the development of prawn
fishories.

Ismature or juvenile Pspacus indigus, Metspensous
dobeoni and }. monoceroe are adbundant in the Cochin back-
wators. Hydrographical studios in and around Coshin from
where the specimsns for the present study were collected
have sbhown that the temperature varictions are within
the limites of 25-32°C while salinity variod widely from
that of ncorly fresu watoer to 33.7%.during the time of
investigation. Previous studies (Panikkar, 1940, 19413
Panikkor and Viswansthen 1948; Menon 1951) have shown that
all the obove throe spccics are euryhaline. In tropical
waters the change of tompeorature of water is limited,
and very rarely the tompersture in the surfaco wators
fall bolow 25°C., The noramal range of 25°C to 35°C tempor-
ature is oxperionced dy the spocios in the ostuarine habitat.

The prescnt study reports on the results which were
obtained from tho laboratory oxperimcnts done on three
common pennocid prewns from the Oochin backwators ie.

Roupous indicus, Mgtapenseus dobaoni snd Jotaponoous HOROCOros

to study their responscs to normsl es well as various other



salinitios, tho temperuture tolorance and survial
patterns of both post larvac and juveniles to elovated
toemperatures in difforent salinitice and the effoot of
varying salinitios on thoir growth.

(1) Nakerisla and Metheda

The prawns used for the salinity, temperature and
growth experimonts wore collected from the Ernakulam
‘channol, 1km south of Coehin barmouth. The specimens
collootod from tho field wero brought to tho ladboratory
and transferred to difforent stocking tanks represcnting
water of throo acclization salinitics ie. 5%., 15%.and 30%.
for salinity and growth exporimonts and 10%., 20%-and 30%.
for tempercture oxperimonts. The scclimation poriod was
for 10 doys. The stock tanks were kept at room tompersture
1e. 29.0 (4 1°C). The water in the tanks was continuously
filtored and eerated for 3 hours every day using the
device dosoridbed by Oheriyan (1967). During the storage
time and also during the salinity and growth experisonts
the juveniles were fed on minced clam, boiled ogg and
eooked fish moat and post larvae wore maintainod om a diet
of nauplii of Ariomia and algal fragments. %o avoid
pollution, unfinishod food particleos, foecal waste and



other sudstances that settle to the dottom were

removed by siphoning twice & day. Various dilutions

of sea wator wore prepared in the leborstory for differ-
ent oxperimonts. Salinities bolow 30%-were prepared by
diluting soa woator with distilled wator and hyper saline
media were propared dy dissolving ‘sea salt' in sea watcr.
Tho salt wae obtainod by ovaporating sea water from the
respoctive hadbitats of prawns. Salinities wore deter-
minocd on duplicate samples by titration against silver
nitrate solution using the formula of Knudsen (1901).

The animels = wore washod once with the water of the

samo s8linity to which thoy were to be transforred,

prior to tho boginuing of ocuch oxperiment. An animal
was counsidored dead whon movement of any part could not
bo detootod upon close oxomination. ‘Dead' preawns do

not rocover from salinity deatbe whon they wero returned
to the appropriate aaclimetion gonditions. Thorough
inspoction of ocech animal was nocessary boefore death could
be dotermined in low salinity experiments since prawns
that are vory weak and appoar to bo desd from tho effects
of the low salinity ean recovoer complotely within ons or

two hours whon returnsd to acclimation conditions.

Juvenile prawns of the sise range 4Omm to 110mm in
the ocase of 2. lndicue, 50mm to 80mm in the case of M.
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dobgoni end 35mm to 90mm in the case of M. mopgcercs
wore usod for tho salinity tolerance experiacnts. Por
oach salinity 10 litres of the wator were kopt in a
glass tank and 10 animels of almost the same sise were
transforred to cach salinity. The tes;arature was
meintained at 29.0°C (+1°C). BExperiments were conducted
separately for cach speccica. The animals wore obsorved
at short intervale and the duration of esach experiment
was for 10 days. Tho range of salinity causing mortality
was idontifiod by obsorving the trend in survivel during
the wholo duration of the experimont. Those salinitios
which cousod the death of atloast 508 of tho animsals
during tho period of the cxperiment have boom termed
lothal salinities. To avoid the effest of any natural
doath the following formuls by Lance (1963) has boen used
in the ocaloulation of % survival values.

PO e salintites For10 dage | o1/2xy/ap x 100
a = the number of survivors in the experimental medium

a, = the number of animals initially placed in experimontal
modium

b1 = the number of aurvivors in tshe gontrol (sceclimation
medium

9y = the :umbor of =aimals initially placed in the control
(acelimation medium)
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Bach exporiment was repeatsd twico and the

average valucs woere taken for the results.

Both post larvae having total longth from 10mm to
20mm and juveniles of 35am to 90ma of 2. indigua. M.
dobsoni and M. mongoexros which were acclimated in 10%8,
20%8 and 30%8 at room tomperature 29°0 (+1°C) wore used
for the temporature toloranse experiments. To know
tho tolorasnce capacity to olevated temperatures the
tcat tomperstures used were overy 1.0°C from 30.0°C
to 38.0°0 and the upper lothal limits of the animsls
wore ocsloulsted from tho graphiocsl data following
Moloeso (1956). Tomporature tcats were porforsed in
3 litre glass beakers. The throo test salinities
used for oxporiments were 10% , 20%-and 30%-. The test
beakers wore filled with sea wator of the required
salinities and each boockor was kept in a thermostatically
controlled water bath. VWater in the boaker was kept
mixed and saturated with 02 by bubbdbling air through air
stone. Pirst the wator was heated to 30°C and then the
larvage or juvenilos of prawnes weres tronsferred directly
from the acclimation tanks to the test beskers in the
water bath. The numbor of animale used in ocach test
medius (salinity) at a timo was 10 in the case of post

larveo and 5 in the oeso of juveniles, of tho sameo sige
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group. BExperimonts wore run for 24 hours and observat-
ions wore made throughout the period. At the end of eash
obsorvation dead animels wore reaxoved and measured and
the condition of the survivors was recoxrded. Similarly
exporiments wore conducted for noting the survival rate
at highor temporatures upto 38°C in thyree differont
salinitios mentioned above. Pry (1947) definod the upper
inoipient lothal teaporature as that temperature above
which 50% of the population camnot live indefinitely.
Pollowing the authors Blaek (1957) and Mclaese (1956)

the lethal temporature in this study was taken as that
tomporoture at which 50% of the animale died and 50%
survived during 24 hours of exposure. Bach experimont
was repeated thrice and the averange walues wers taken

for the results.

Growth oxporimonts were oonducted in the laboratory,
omno set for o peoriod of four wecks and another set for a
period of ono year. The post larvae and juveniles of
2. Andiquas, ¥- dabksoni ond ). mopogergs which were taken
from tho acclimetion tanks were introduged in separate
20 gallon glass tanks. The different salinities used for
the growth study were 5% ,10%., 15%., 20%., 25%., 30%:ond
”ﬂ- for both post larvae and juveniles., 100 numbors of
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post larvae and 30 numbors of juvenilos of each

spucics wore placed soparately in each tank. Initiel
socasuroments in cach experimont wore obtaincd from
samples of 10 post larval sbrimps, cnd 5 juvoniloes
withdrawn from tho source population. After excese
wator on the body was romoved by wiping with a blotting
paper tho longth of ocach specimen was mcasured to the
nocarest O0.5mm (distanco from tho tip of the rostrum to
the tip of telson) and its weight determined in mg.

All tho individuals wore preserved for later studies.
Subsogquently samplee from cach oxperimental tank were
eimilarly troated aftor being withdrawn at approximately
7 days' intervals. Both tho lorgest ond smellest
spocimons in cach tank at cach sampling poriod wero
included in order to detormine sise ranges, the remain-
ing numbors woro soclecoted at rundom. After four woocks
the surviving animals in cach tank woro taken sus.
After determining their length cnd weight they wore
prosorved. Equal amount of food was given to the diffor-
ont specics in ocach tank. ZThe surviving post larvae
whioh wore acclimated in 30%8 wore kopt in tho tank in
difforent salinity media (20%,, 29%., 30K, , 35%)for a
poriod of ono yoar to study the influcneco of salinity
on the growth of theso animels for & long teram poriod.



7y

(41) Siudien 0 88linity Soloranas

1.1 ZToleranse of P. indigus acclimated in 5%4.8

Aftor acoclimation in 5% 8, animols were pluced in
salinitios 0% (distilled wator), 1%, 2%., 3%.,4%: ,10%,
15%: , 20%. , 25% , 308 , 35%. , 40%. , 4 1%, , 42K , 43%- , 44%- , 458
and 50%., Burvival was 100% in salinities 15%- to 30%:.
Survival was nil in salinitics 0%.,44%.,45%.and 50%- .,
Thoe lower and highor lethal salinitiee wore found to de
3%. and 40%- respoctivoly (Toble-5).

1.2 Tolorasncec of P. indicup scclimated in 15%:8.

Those animals which were acolimated in 15% 8 were
sransforred directly ¢o salinitios O%., 1%.,2%-,3%.,4% ,
5%. » 108. ,20%: , 25%. , 30%. , 35K, , 40K, , 41%. , 42% ,43%, 44%:,
45%: and 50%., All animals survived in salinities 10%-

40 35%.. BSurvival was nil in tho media having salinitics
0%, 1%. ,45%.and 50%.., %The lower leth:l salinity was found
to be 3% -ond the higher to be 41%. (Table-6).

1.3 Tolcrence of P. indigug acclimated in 30% 8,

Animals after fcclimation in 30%- 8 were abruptly
transferred to various media having salinitics O0%.,1%. ,2%.,



38U

3%, o 4%: , 5%, 10%. , 158, ,20%. , 25%- , 35%.,40%. , 4 1%. , 4258,
43%. , 44%- ,45%. and 50%.. 100% survival was cobserved

in 20%~35%-8. Survival was nil in salinities O0%.,1%:,
43%.and 50%.. 3%.and 44%.were found to be the respective
lower aud higher lothal salinities (Tadle-7)

2.1 Tolorance of M. dobagni ecolimated in 5%.8.

Aunimale acclimetod in 5% 8 wero tramsferred %o
salinitios 0%, 1% ,2%.,5%.,4%., 10%. , 15%. ,20%-, 25%. , 30%- ,
35%: y40%. ,41%. , 428 ,45%: ,44%- ,45%- and 50%.8. Burvivel
was 100% in salinitios 108. -25%. and nil in sslinities O%.,
42%. -50%:, 2%.and 40%.wore found to be the lower and
highor lethal sslinitics respectively (Table-8).

2.2 Tolorance of}f. dobson) ecolimated in 1§%.8.

Aftor acclimation in 15%. 8, cnimels were introducod
in 0%, , 1%.,28.,3%. , 4%, 5% , 10% , 20%, , 25%. , 30%- , 35%. , 40%. ,
415, ,42%, ,43%. ,44%: ,45%-0nd 50% 8. 100% survivael was
obsorved in salinitics 10%.to 30%:. Thoreo was no survival
in 0%.,44%:,45%-and 50%.8. Tho lowor lothal salinity was
found to be 3%X.while tho highor 42%.(Table-9)

2.3 Z%olorance of J. dobaon) ecclimated in 30%.8.

Tho animals after asclimation in 30%:8 were direotly
transforred to salinitios O%., 1%.,2%.,3%: ,4% ,5%.,10%. , 15%.,
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20K, ,25%. ,35% ,40%., , 415 ,42%. ,43%. ,44%; ,45%: and 50%. .

No mortality ocourred in salinitics 15% to 35%.whersas
100% mortality occurred in salinities 0%, 1%.and 45-50%.,
The lower and higher lothel salinitios wore 3%.and 43%
respootively (Tablo-10)

3.1 Toleranso o&._mm agolimated in 5%.8.

The animals aftor acclimated in 5%. 8 were placed
in salinities 0%., 1%., 2%.,3%.,4% ,10%. ,15%, ,20%. ,25% ,
308, 5 35%, s 40% 4418, ,42%, ,43%.,44%,,45%,0nd 50%,. Burvivel
was 100% in salinities 5 to 30%,. In O%.5, 45%.6 and 50%.8
survival was nil The lower end highor lethal snlinities
woere found to bo 2% and 42%.respootively (Table-11)

3.2 Tolorangse of M. monoggros scclimated in 15%. 8.

Metaponagus moncgeros acclimatod in 15%, 8 were trans-
ferred to various sedia having salinities O% , 1%.,2%,,3%.,

4% ,5%. , 108, y 20% ,25% , 30%. , 35%, , 40K , 418 ,42%.,43%. ,44%. ,
45% and 50%- B, 100% survival was obsorved in salinitiocs
5~30%, . Survival was nil in salinities 0%.,45% and 50% 8.
2%. and 41%_were found to be the lower ond higher lethal
salinitios rospectively (Table-12).
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Balinity $.
S 10- 35

Per cont survival of J. dobagnl at time intorvels (days) when transferred

to different salinitics after seclimation in 15%.8
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5.3 %Toleranco of }. BONOQErQy scclimated in 30%.8,

Animels acolimated in 30%:8 wore direotly
tronsferred to 0%., 1%:,2%.,3%,,4%.,5% , 10%: , 15%. , 20%-,
25%: 4 35%. ,40%, , 4 1%, ,42%- ,43%: ,44%.,45% - and 50%.salinitics.
100% survival occurred in salinitics 10%--35%:, 100%
mortality was obsorved in O% and 45-50%.8. The respective
lower and highor lothal salinities were found to bo 3%.
and 43%: (Rable-13).

(11) Ssudies.sn. the Sesgersture Solexsngs
Temporature toloransce of P. indicug in 10%-8.

After agolimation in 10%:8 at 29.0°C the animals
wore dirootly introducod in 10% 8 media and tosted to
temperatures of every 1.0°C from 30.0°C to 38.0°0. 100%
post larvae survived at 30.0°C. All the juveniles in
30.0°C and 31.0°C slso lived for 24 hours. Burvival was
nil at temporotures 36.0°C to 38.0°C for post larvae and
et 37.0°C-38°C for juvoniles. Tho upper lethal tomperat-
ure for post larvac was found to be 33.6°C and that for
Juvenilos as 34.2°C. (Pige.16 & 17).

Temperature toloranoc of P. indicus in 20%-8.

Animals after ecclimation in 20%.8 at 29.0°C
were directly transferred to water having 20%/8 and
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teated to temperatures of overy 1.0°C from 30.0°C %o
$8.0°C. Yor post larval prawns 100% survival was
noticed at 30.0°C to 31.0°C and for juveniles 100%
survival was noticed in 30.0°C to 32,0°C. At 36.0°-
38.0°C and at 37.0°C and 38.0°C 100% mortality observed
respootively for both post larvae and juveniles. The
upper lethal temporaturc was found to be 33.8°C for
the post larvae and 34.5°C for the Jjuveniles (Pigs.

18 and 19).

Temperature tolerance of 2. ipdicus in 30%-8.

2. indious acclimated in 30%.8 at 29.0°C were
abruptly transferred to 30%-8 modia and testod to temper-

atures of ovory 1.0°C from 30.0°C to 38.0°C. No mortality
oocurred at 50,0°C and 31.0°C in the case of post larvae
and at 30.0°C~32,0°C in the case of juveniles. Yor both
post larvae and juvoniles 100% mortality occurred in 37.0°C.
The uppor lethal temporature was found to be 34,.2°C end
35.0°C for post larvae and juveniles respeetively.

(Pigs. 20 and 21)

Temperature tolorance of Motagonasus dobsend in 10%-8.

Animals acclimated in 10%.8 at 29°C wore introduced
in 10%.8 modis and tested to tomperatures of every 1.0°C



°8 ¥0L uy
posuairooe THSWSY °K Jo sertusanf ey Jo L3y(wixom oFeywesisd

°g YOL£ wy
pesenITooe THUNYTY °fl 30 ssaxey 31sod eyy Jo LyTrvizon eSwjussxeg

°S Y02 Wy
poyouToos YHSHYOP N Jo sertusan{ oqy Jo LyTrwaixom sBejusoxeg

°g “¥0T uUT
vossutroow THOWTY N Jo swazey 3ecd sy Jo LyTrvsdom sSeyumesed

°8 Y0l Wy
vosexITo0w TUSEYST ‘K Jo serymeanf eqy Jo £y j(vizom efejueoxeq

. °8¥0L Uy
poysutiooe THUNTBY il Jo evaxey 3s0d eqy Jo Lyyresrom ePejuoozed

*(8AIMO HYOWO WO TUMCYS OXw SoxmjuIodmey TR Y
sued 28 L1 314) 3o sortuean( pue seaxer 3e0d ey I03
8IN0Y $Z 3% sexnjexedme) 488y SnolIva Wy LfyTTwiIom eFesuecxed

osoi

oao'g

‘¥

€2 %k

T Ik

*LZ oy Z2 oWy



Op 3Y¥NIVH¥3IdNIL L1S3L

/8 2g af oo D8 8 L 9C ST bE-fE 2 K OE B¢ L€ 9¢ Gf PE €€ 2, K€ O
_ - — ERCD o . o S | T T T T \ﬂ‘lmﬂnﬂﬂ‘ | I | T T# T T 0
w2 S Yint S
o | & . » \ -
e s o J
! e -3 _ - : N
! | T
4 ! . 4
|
4 “ - 0v
: J . 405
. - -4
- ° - 408
L2013 4  omme §2'old | door
T 7 T 17 T I 1 T T T 1 Y T T T T- 1 7 lo
I . ) | \
| 7 5 ' o .
i 3 g
lo 1 o, g _0 402
” < _ ) _ .
! _
| o
| - | 1 | -0v
e et e e e = N e - e e —am 4
. N ‘@UO
/
\h\m. n 1 Jow
Q\ —
\ =1 ».;.,..m...u ] K
e ...i A.w N Q_ U_ -1 0"0\ VN ’ o_ 'm = 9!.58.0?4.‘1.\ N N O—& 18—

ALIIVIMOW IN3DH3d



o

3

from 30.0°C to 38.0°C. 100% mortality ococurred at
36°C onwards for post larval prawns. 1008 mortality
ogourred for juveniles at 379C and all the post larvae
survived fros 30.0°C to 31.0°C and the juvenileos at
temporaturos from 30.0°C to 32.0°0. 7The wupper lethal
tomperatures for.po-t larvao and juveniles were found

to be 33.8°0 snd 34.4°C respoatively (Pige. 22 and 23).

Tomporature tolerance of M. ﬂﬂnin in 2% 8.

Aftor acclimetion in 20% 8 at 29°C tho animals

wore dircatly transfcrred to medis having salinity 20%.
and testod to tomperatures of cvery 1.0°C from 30.0°C

to 38.0°C. B8urvival was 100% for post larvae in temper-
atures 30°C to 31°C and 30°C to 32.0°C for juvoniles,

At 37.0°0 %0 38.0°C 100% mortality ocourred for both
post larvae and juveniles. The upper lethal tomporatures
were found to be 34.2°C and 34.7°C respectively for post
larvae and juvonilos (Pigs.24 and 25.)

Tomperature tolerance of M. dobsgnd in 30%.8.

Animals wore directly transforred from 304 8 at
29.0°C to 30% 8§ modia and tested to tomperature of every
1.0°0 from 30.0°C to 38.0°C. No mortality ogccurred at
30.09C to 32.0°C for both post larvae and juveniles.
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Survival wes nil in 37.0°C to 38.0¢C, Burvival rate
varied in other temperatures. The upper lethal tempor-
atures of post larvae and juveniles were found to be
34.5°C and 35.1°C respectively (Pige. 26 and 27).

femporature tolerance of M. mopggerog in 10%.8

Aftor acclimstion in 10%.8 at 29.0°C the animals
wore transferred to 10%.8 media and tostod to tcmperatures
of evory 1.0°C from 30.0°C %0 38.0°C. 100% survival was
found at 30.0°C to 31.0°C for post larvoe and at 30°C to
32°C for juvenilos. 100% mortalisy for both post larvae
and juvoniles occurrod at temperatures 36.0°C to 38.0°¢C.
Tho uppor lethal felpornturao for post larvae and juveniles
wore found to be 33.7°C and 34.1°C respectively (Pigs.

28 and 29)

Tomperoture tolerance of M. NONRGOros in 20%.8

Animals ecclimated in 20%,8 at 29.0°C were dirsotly
transforrod to 20% B modia and tosted to somperatures of
overy 1.09C from 30.0°C to 38.0°C. 100% survival was
noticed at 30.0°C to 31.0%C for post lervae and at 30°C
to 32°C for juvoniles. 100% mortality of post larvae
coourred at-36.0%C to 38.0;gtior juveniles at 37.0°C to
38.0°0. The respooctive upper lothal tomperatures wore
found to be 33.8°C and 34.4°C for post larvee and juvenilos

respectively (Pige. 30 and 31)
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Lemporature tolerance of M. AON0COros in 30%.8.

The animals after acclimation in 30%.8 at 29.0°C
were trongforred to 350%-8 modia and tosted to temporat-
uree of ovory i.0°C from 30.0°C to 38.0°C. Survival was
100% at tomporaturcs 30.0 to 31.0°C for both post larvae
and juveniloe., 100% mortality occurred at 37.0°C to
38.0°C for both groups. The uppor 1qthn1 tomperaturos
for post larvao and juveniles were found to be 34.1°C0
and 34.8°C respootively. (Pigs. 32 and 33)

(M) Ziudise oo the effecds 2L sALMRILY QR SXOWEL

Effoot of selinity on the growth of P. ipdigqug
which wers saclimated ip 5%.8.

100 numbers of post larvae of P. indicus whioh
wore agclimatod in 5%+8 werc transforred to salinities
5%.,, 10%.,15%:,20%, ,25%, , 30%,and 35%. to study the influcnce
of varying salinitios on the rate of growth. The eoxporim-
onte lasted for four wooks (roughly one month). Orowth
rate was highost in 15%:8 ond lowest in 35%.8, the
respective rate boeing 135.0mm and 7.3mm during the period
(Table-14).

S0 numbors of juvonilos which wore aleo assclimated

in 5%:were introduced in differont modia having salinitios



5%. 5 108, 5 15%0, 20%, , 25%. , 30%.8nd 35%.. Maximum growth

was observed in 20%-salinity, tho rate being 9.5mm in

one month. The minimum growth was notigced in 35%-.8alinity,
the rate boing 5.1ma during one month (Tablo-15).

Bffeot of salinity on the growth of P. ipdicua
xhich wore egolimeted in 15%.§

Aftor acolimation in 15% 8 post larvao wers directly
transforred to salinitiocs 5%., 10%., 15%. ,20% ,25%: , 30% and
35%:. Tho highost growth of 15.1mm in the first month
was obscrved in 20%.8 and the lowocet gorwth of 7.7ma
was noted in 35%: 8 (Tadle-16).

Juveniles which were scclimated in 5%.8 was introduced
in 5% 4 10% , 15%. , 20%: , 25% ,30%-and 35%-salinities. Growth
was maximum in 25% 8 and lowest in 5%.8. Thoy were 10.7mm
eand 6.8z roepectively during the ocxperimental period
(Table-17).

Bffoot of salinity on/growth of P. indigug /Jthe
%hioh wore scolimeted in 30%.8.

Poast larvee which were acclimated in 30%-8 were
transforrod to vurying salinitioes of 5%,, 10%.,15%,,20%.,
25%: ,30%.0nd 35%:. OGrowth ruote waes higuost in 25%.8 and
lowost in 35%:8, tho respootive growth rate boing 14.5 mm
and 7.1ms in the first month (Table-18).
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Juvenilos wore also kept in different medies
having the salinities 35%.,10%:, 15%. , 20%, ,25%, , 50%.and
$58. and the effest of varying salinitios obsorved.
Maximum growth rete was notiged in 30%.8, the rate being
9.2mm during the month. The minimum growth was in 5%.B,
the rate being S.4mm in tho poriod., In 10%.and 35%.
salinity slso the growth bocamo lower being 6.5mm and
5.7ms for the first month respectively(tgble - 19)

The surviving post larvae in 20%.8, 25%.8, 30K 8
and 35%.8 after one month were allowed to rosain for a
duration of one yoar in tho same tanks and their monthly
growth rates wore obsorved. Maximum growth rato was
noticoed in 30%. 8, the averago rate being 7.1mm por month.
The ninimum growth rato was in 20% 8, tho rate being 6.2am
per month (Table-20).

Bffoet of salinity on the growth of M. dobsoni
2hich wexe sgclimated in S%.8

After agelimation in 5%:8, post larvae were introd-
uced in salinitios 5%, 10%., 15%.,20%.,25%,, 30%: and 35%: 6
for gvowth studies. Growth rate was found to be highest
in 10%.and tho lowest in 35%08, the respective growth
being 10.5mm and 7.2mm in the period (Table-21).



Juvenilos of M. dobgoni which were acclimated in
5%, were transferred to various salinities of 5%.,10%.,15%,
20%, ,25%. ,30%.and 35%.8. Maximum growth of 8, 1mm was
observed in 15%.8 and minimum growth of 5.2mm in the
month was noticed in 35% 8 (Table-22).

Effect of salinity on the growth otw
whioh wore acclimated in 15%:8.

Post larvoe of M. dobgoni which were acclimatod
in 15% were placed in various medis having salinities 5%,
10%; 5 15%: , 20%, 25% ,30%-and 35%. 8. Maximum growth of 12.4mm
in onec month was noted in 15%. 8 and a minimuam growth of
9.6mm in the period was observed in 35%.-8 (Table-23).

After agolimation in 15%.8 juvenilos were trons-
forrod to varying salinities of 5%:, 10%., 15%.,20%. ,25%,,
SO% and 35% . Tho highest growth of 7.6mm during the first
month and tho lowest growth of 5.2mm in the period were
noted in 20%-8 and 5% respectively {(Table-24).

Bffect of salinity on the growth of M. dgbgoni
mhich were acolimated in 30%.B

From the soclimation salinity of 30%<post larvae
were directly transferred to differont modis! having
salinities 5%., 10%.,15% ,20%, ,25%: ,30%-and 35%.. The
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maximam growth rate of 11.9mm por msonth was noticed
in 20% 8, whereas the minimus growth 6.4mm per month
in 354.8. %The growth of 9.5mm in one month which was
observed in 25%.8 was the next highost rete. 1In 5%£.8
the growth was 6.5am in tho first month (Tadle-25).

Juvoniles of }¥. dobaopi from an scclimstion
salinity of 30%.wore abruptly transferred to 5%.,10%.,
15%: ,20%. ,25% , 30%- and 35%-to study thoir growth pattern.
The highost growth occurred in 25% 8, the inorease in
longth being 6.5am in onc month. The loweet growth was
noticed in 5% 8, tho inorement in longth being 3.4mm
for the wonth (Tadle-26). 575.(3/“/({’“0 5

K173 )

The monthly growth rate of the romaining post
larvac in 20%.8, 25%.8, 30%.8 and 35%.8 was obsorved for
one yocar. Tho maximum average monthly growth rate of
5.3m0 was observed in 25%.8 and s minimum growth rate

of 4.5mm por month was noted in 35%.8 (Table-27).

Effoet of selinity on the ﬂnh of M. Eonogeras

Post larvoo of M. mopggorom after acclimetion in

5%€.8 wore tronsferred to various modia having selinitios
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11.4ma in o5no month was observed in 15%.8. Minimum

growth of 8.7mm in the period was noted in 35%.8 (Tadle-28).

Juvenilos of M. NONQQEXos also after acolimated in
$%.8 were introsduced in 5%., 10%., 15% ,20%.,25%.,30%-.and
$5%-and their growth rate in differont media observed.

The highest growth of 7.9mm and tho lowest growth of
S.q_ln during the aonth woere noted in 20%.and 5%.respcotively
(Table-29).

the

Effect of salinity on/growth of M. BONQQOEOS
ghich were gaclimeted in 15%.4.

Post larvaec of }. mauogeros scclimated in 15%-8
wore diroectly transforred to 5%., 10%., 15%.,20%:,25% , 30%.
and 35%.8. The maximum growth of 12.5aw and a minimum
growth of 7.4mm during the period wure obsorved im 15%.8
and 35% 8 respootively (Tuble~30).

Juvenilce of M. mouogergs whioh were acclimated
in 158, wore introduged into 5%., 10%., 15%. , 20%., 25%., 30%.
and 35%, media. The highost growth of 8.7mm and the
lowest growth of 5.1mm were notod in 20% and 5%.respecti-
vely (Table-31)

Bffect of nlmitz on tho growtbh of K. BoNQQSeros

Post larvae of }. Eonogeros scclimaté in 30%.8




101

were kopt in salinitics 5%.,10%,, 15% ,20%.,25% , 30%.
and 35%: for growth studiea. The animale ahowod s
maximum growth in 20% 8, tho inoreaee in total longth
boing 12.2am ond & miniamm growth of 5.9mm in 35% &
during tho first month (Pable-32).

Prom an acdimation medium of 30%.8 juvoniles
were transforred to varying medis of 5% ,10%., 15%.,20%,
25%, , 30%. and 35%.8. A growth of 8.1mm during the first
month was the highest, which occurred im 25%.8. In 5% 8
tho lowest growth of 4.5 mm in tho first month had becn
noticed. 7.imm, 5.9mm and 6.3um woxre obscrved respectively
in 20%: ,10% and 15%: salinities during the time (Tablo-33).

Tho post larveo in 20%:8, 25%.8, 30%.8 and 35%.8
weoexe allowoed to romajin in the same media for one yoar and
thoir monthly rate of growth was observed. The highest
averago growth rate of 5.7ma per month and the lowest
average monthly growth rate of 5.3mm por month were noted
in 25%.8 ond 35%. 8 respectively (ZTable-34).

(v) Rissusaisn

According to Guater (1961), Gunter g% a) (1964)
and Williames (1965) solinity is the factor mocet comsonly
correloted with abundance of juvenile and sub adult penaeids.
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Assessuent of salinity toleorances based only on

fiold observations is difficult sinco the effects of
salinity may be modified by othor onvironmontal fagtors
(Kinne 1971). laboratory expcriments conducted under
eontrolled environmontal conditions using acclimated
spccimons give more detailed information on the res-
ponses of organisms to variations in salinity. The
present study supplomonted by fiecld observations shows
that these threo ponaoid prawns are ossentially ecuryhaline,
since they oan tolerate wide range of salinity botweon
3%.8 and 43%:. 8. This is in agrecment with the studies
of Paniksar (1968) and Panikkar and Viswanthan (1948)
who reported that tho pennecid prawns can withstand
wide fluotustions in salinity.

ft has beon found that in gencral, acolimation

in low sslinitics tends to shift tho lowoer lethal limit
downward and acclimation to highor salinitics tonds to
shift the upper limit upward (Kinne 1964). This goneral-
isation is in agroemont with the present finding to some
extent in the osse of M. dobaoni and ). monogexos ounly.

In tho case of 2. indigus elthough thore is a shift in

the highor lethal salinities upward in socordence with
the inorcase in the acolimation salinity, the lower lethal

limit do not show & corresponding doerease with tho decrease
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in the acclimation salinity. Thus Penoous indicus
showe the same lower lethal limit of 3%.for all the
three groups acclimated in 5%., 15%.and 30%-salinitios
(Table:5, 6, 7). Excopt for the lower lethal limita
of this specics, the goneralisation of Kinne (1964) is
appliocable in tho present findings. The upper lethal
salinities of 2. indicus increased duc to the inorcase
in tho acclimation salinity from 5%.to 30%,. MNorecover,
thore is a marked inorease in tho number of survivors
in tho upper leothal salinitios corresponding with the
increaso from 1%.t0 30%.in tho aocclimation salinity.
The lowor and highor lethal limits of M. dobsoni show
a gorresponding decrease aend inorease in agcordanoe with
the decrease snd inorcase in the acclimation salinity.
(Table-8,9,10) In the case of M. mopogeros thore is no
change in the lothal limit inspite of the incrcase in
the coclimation salinity from 5%:to 15%-. Acclimation
in 30%.shift the upper limit upward (Tables 11,12,13).

Sein Eldin and Griffith (1967) studied the salinity

tolerance of post larvae of Pgngous axtegus, and Pspoous
setiferus from the northern coast of Amorica and found

that the post larvae can tolorato a salinity range of 2
40 40% and the survival was 90-100%. This rango of post



larval toleronce in temporate wators is very near to

the tolersnce range obsorved in the presont oxperiments
for juveniles. The presont study has revealed that

2. ipdiguas, M. dobaoni end ). mongoerom thrive well in
salinitios 3 to 43%.. It is & well ostablishod faot
thot penoeid prawns spawn in the sca whore the salinity
is high. Tben thoy undorgo their succoeding stagos of
devolopacnt and growth in a rolatively unatable environ-
ment- the oatuary. The salinity of the ostuary from
whore the prosent collections were made is very low
during the South Wost Monsoon season, sometimes ncar

t0 fresh water. During summer soason salinity incroasos
upto 34%c, Basod on the rate of survival in the experim-
ental media it can bo concluded that the ponaeid prawns
ean well survive in salinitios botweon 3 to 43%e¢ But
nons of thom can survive in 0%.8, In 1£.8, 2%.8 and 44%:8
survival was poor, although field obsorvations reveal
that juvenile prawn oun oxist in ncar fresh water ocondi-
tions. The laboratory oxperiments also roveal that they
prefor a salinity botwoen 5%.and 30%.when ogclimated in
5%.8 and between 10%.and 35%.whon acclimoted in 30%-8.

A comparstive study of the offeots of salinity
on the three species of prawns suggests that there is
not much significant differonce in thoir tolerance capacity.



100§ survival occurred in 15% to 30% 8 whon acclimated

in 5% 8, in 10K, -35%.whon acolimated in 15% 8 and in 20%--
35%. whon acclimatod in 30%.8 in the case of P. ipndigus.

In the case of M. dobsoni im all the animals survived

in 10-25% 8 after acclimation in 5% 8, in 10-30%, 8 aftor
acclimation in 15%.8 and in 15=-35%.8 after acclimation in
30%- 8. 100% survival for M. MONOGerog oocurred in 5-30%.8
after sgolimntion in 5%.8, also in 5-30%-8 aftor asclimation
in 15%, in 10-35%8 after scclimation in 30%.8. It has
been suggested by Gunter (1956) that the abundanse of
shrimp is greatess in low salinity, and that the smallost
animals ogeur in the lower salinities. <This statemont is
0ot in agreement with the present findings sinoce all the
epecies thrive well in low &s well as high salinities vis.
5-35% . It has been pointed out by Guntor (1956) that the
lower salinity limits for estuarine species cannot be
sharply defined. Poarse and Guntor (1957) have streased
that onco an animal has adjusted to salinity changes, its
rangoe of tolorance moy exgecd the usual onvironmental
ohanges, s0 that it could survive unusual conditions. The
results indicate clearl)y that the salinity ranges tolerated
by the juveniles of P. indicua, M. dobsopi and M. BOROGOrQE
are not of considerable importancc in detoramining their
distribution, because tho salinity of tho habitat does not
gome ususlly obove 35%.8 or below 2%.8. Although during



the monsoon season due to tho fresh water influx into
the estuary thore may cccur somotimes a loworing of
salinity below 1% . But the poriod does not extend
for a long time. It can be concluded that the distri~-
bution of the ponacid prowns in the area under investi-
geation would not be limited by salinity alone. It can
also be stated that thore are no significant variations
in the tolerange capacity of the throo specios under
investigasion.

Acclimation to & high tomporaturo, with rcesulting
increase in the high tomperaturc tolerunce of the speaies,
has boon dcamonstrated by sovercl workers (Summor and
Doudoroff, 1938; Brott, 19463 Mollanby, 19%4; Molcose,
19565 Todd and Dehnel, 1960). Temperature toleramnce in
eonjunction with salinity has becn studied lese extensively,
and it was of interest to find that salinity had & vory
marked offect on the temporature toloronce of the spocies.
Tho possible influcnce of temporature om osmorecgulation
and its bearing on the problom of crustacean distribution
hove beon pointed out carlier by Panikkar (1940). In
Crongon srangop Broekoma (1941) found that tho adults
soock higher salinitios in 60ld wocther and lower salinities
in wara woatber and the yohng in sum.or tolorate lower

salinities than the Adult. Zcin-Eldin and Aldrieh (1965)
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obeserved that tho growth of Pepnagua mﬂ. was not
affoctod by salinity oxcept at extromc teamperaiures.
Present coxporimonts on high tomperature %“vlersnee in

the laborstory hove shown that tho three spcoies of

penaoid prawns vis. P. indigus, M. dabaoni and M. monogerom
can survive well in tomperatures upto 36.0°C. But theo
ranges of tomperature tolerated by oach speccios vary
deponding on the sis¢ of the individuals and the salinity
of the modium. Thus in 10%-8 P. indicus tolerated tomper-
atures upto 34.290, ). dobsoni upto 34.4°C and ). mopnagercs
upto 34.1°C. Experimonts using animals acclimated in 20%.8
showed that P. indicus survived well at tomporatures upto
34.5°C, M. dobapni upto 34.7°C and }¥. monogorog tolorated
well upto 34.4°C, Animals in 30%:8 showed the following
upper limit of toler:nces P. indigus 355°C, M. dabsoni 35.1°C
and M. Aonogeros 34.8¢C. %he results chow that there i
more tsoler:snee in higher salinities than in lower salinitiocs
at higher tcmporatures. Broekema (1941) demonstrated that
the tomporature and salinity relations worc indepondent

in the shriup Qrengon greugon. When survival in various
combinations of thoe two was tostod, a low sclinity was
endured better whon the temporaturc was high. Wikgrea (1953)

showod that thore was elmost o continuous loss of ions
from the cray fish Potamobius w, as the tomporature



129

dropped bolow 2°C from about 18°0C. The lobster,

Homerus sasrieapnus wes shown to have @ highor lethal
point when both salinity and tomperature were high
during the period of ucclimation. A doorcsse in salinity
with the acclimation temperature hold constant rosulted
in tho loworing of thormsl resistance (Molecose 1956).
Xinne (1958) roported the shifting of hoat tolersnse

in throo spocios of unimals, tho polychaote Noreis divexrsiaolor,

the amphipod Gamparus duebenl snd the isopod Sphscroma
hookeri. Tho salinity of the pond from whioh all the

throo spocies were collectod was about 12%:.and in all

of thoa whon kept at salinitics below this, heat resistance
is lowered. Inorcasecd hoat rosistansce results in animels
from the higher salinitice, above 12%., Kinne (19358)
suggosted that tho altoration of water and ion bslance
resulting in increasod water contont at extrosoly low
salinitios decreased tho hoat tolersnge; the lowored water
oontont at higher salinities favourably affocts the resist-
anso to high tomperatures. In the prosent study also it

is cvident that the higher salinities are favourable

for withstonding upper lothal temperatures.

Somc spocies differcnoe in toloranee $o high temper-
atures is found to oxist among the threo specios of prawns.
When oompared, ). dobeonul shows more tolorance to higher
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temperatures than the other two species. P. indicus
comos next and M. mongcores the lowest. Thus in 30%.8
the upper lethal limit of the threo species are 3%.1°0,
35.0%0 and 34.8°C respoctively for M. dobsoni, 2. indicus,
and }. mopoooxron. Howover, the differences between the
threo spocies are not significant.

There is a diversity of rosponses reported in
literature ooncerning sise in rolotion to death of animals
at high tomperaturo. Huntsmen and Sparks (1924) and Bele-
bradek (1935) cleia that resistanco to heat diminiehed as
sise incroases. Hart (1952) found & sise cffect in only
threo of the fourtoon species of fresh wator fish that he
studied. In two of thesoc spocies, msistonce diminished
with inoreasing sise but in the third, resistonce increased.
Mcieome (1956) conoluded that in the sise ronoge of lobsters
studied, from 21 to 280m thereo is idontical response to
uppor lothal tomperatures. Tests were porformed with
two siso groups of prewns in the prosent study (10m=-25mm
and 35an-90mm) to dotorminoc whother the siso is related
to dcath at high tomporature. The upper lethal teaperatures
of both the size groups wore slightly differont. The largoer
sise groupe are having the higher lethal limit than the
smaller onos. It may be concluded that small (10ma=-25mm)
and larger (35ma~-90mm) prowns from tho samo area and
agclimotod to the same tomporature respond differently to
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high temperstures. This is in agrecment with the
findings of Bdwerds and Irving (1943) on Emerita
3alnoida. All the threc species studied oxhibited
the same relationship.

Tho effcat of sex on hoat tolorance was found to
vary in different animals as reported by secveral workers.
Todd and Dehnel (1960) found that in Homigrepsus pudus
and Homigropsus oregopensis, thore was no difforence
in temporaturc tolerance betwoon the sexes. Edwards
and Irving (21943) found no difference in tolerance in
Baorits 3slpoids betweon males and fommles. Kinne (1558)
showed a doerevasod tolerenco in femalo Gommerus duabeni
to high tomporatures and inereased tolorance in samaller
animals of both sexos. In agreccmcnt with the studies
of To4d end Dehnel (1960) in the present study also
there is no difforonce in high tomperature tolerange
between tho two sexes. %The sex difforence of prawns do

no affect the heat tolorence.

The results odbtained from the prescnt studies
(Pigs. 16 to 33) show that the throc species of prawns
from the Cochin backwaters, P. iundicus, M. dobsopni end
M. ponggoros can tolerate temperaturcs as high as 35.1°C.
The uppor temperature in the natural habitat usually come



bolow this temperature limit. 8o it ocan bo oconcluded
that the temporature is an environmountal faetor which
do not affoot the abundonce and distribution of the

adbove throo common penseid prewns in the Coschin bogk~-

waters.

Transforring ponaoid prawn: to differcnt salinitiecs
t5 study thoir rate of growth has boon dono by & few authors
both in tomperste ond tropicol waters. Zein-Eldin (1963)
studied tho growth rato of Pgpnogus astqoous and Ponasua
petiforus in the laboratory and obsorved thut under the
esnditions tostod (restrictod tempersture and diet) post
lerval shrimp con both survive and grow over a wide rango
of salinitics. Zoin-Fldin and Aldrich (1965) reported
that tho growth of Popagus Astequs is not affected by
salinity excopt under extrome tomperutures. Yenkataramaish,
Lakshmi and Guntoer (1974) disagreo with this findings. Thoy
found that the post larvae of Pangeus gstesus showed fastor
growth in low saline waters. BSreckumaran Kair and Krishnan-
kutsy (197%) observed that the growth rate of Papacus indicus
was significantly high in low salinity for the post larval
prawne but the largor juveniles showed a significantly
bigh growth rate in high salinc waters.

The present studiecs show that ovon though both the
post larval and largor juveniles of P. indious, M. dobesoni
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end ). BoNo¢cCron can tolerato wide range of salinitios
there are diffurcueos in the growth rate in each salinity.
8light differonces in mean leongth and weight botweon
salinity groups were deotoctable as ocarly as in the first
woek and the differonces inoreasod in magnitudo during
the oxporimontal period. The maximum growth of post
larvae of P. indigug wae in 20%.8 and that of juvonile
P. iudicus was in 25% 8. Post larvac of )}. dobsoni grew
maximum in 15%.8 and tho juveniles in 20%.8. Tho same
growth pattoru had been exhibited by both tho post larvae
end Juvenilee of ). @oNoQOXros @lso.

The effeot of acclimation in exteuding ranges
of post lerval and juvenile growth is clocarly evident
from the tadbles. It has beon found that in goncral,
agclimation to low salinitios tonds the animel to grow
more rapidly in lower salinities and acclimetion to
highor salinitios induce the animals grow rapidly in
highor saslinities. ZThus post larvae of P. ipdicus whieh
were aocclimated in 5% 8§ grow 135.0mm in the first month
in 15%.8, whoreas thoso which wore acclimated in 50%-8
grow 10.7-::31.\3'1 the first month ealy in the same salinity.
The Juvenile P. ipndigus which wore acclimated in 5%.
showed a growth rate of 9.5mm during the first month in

20%:8 and those animals which were acolimated in 30%.8
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showed & growth rate of 6.7mm during tho sem period in
20%,8. At tho same time those animals which were ascoli-
mated in 15% 8 grew 8.7mm in the first month in 20%.8.
Both M. dobaoni end M. BOROQEroR elso showed variations
in thoir growth pattern in their scclimation medium.

When difforont species are compored, P. indicus
grow well in slightly higher salinities than the other
two spocios. Both the post larvee and juwenilos exhibit
this charactor. The table 14 shows that post larvae of
P. indigus grow 13.0mm in the period in the 15% 8B after
acclimation in 5%. M. dobaoni grew 10.5mm during the
first month in 10% 8 after acolimeation in 5% 8 and X,
monogaros zrew 1i.4mm in 15% 8 after acolimetion in 5%.8.
Juweniles of P. Andiqus which were acclimated in 30%.8
grew 9.2mm during the first month in 30%, 8, M. dobsoni
whioch wore agolimatod in 30%. 8 grew 5.9ma in 30%,8 and
M. monocoros which were acolimated in 30% 8 grew 6.6mm
in 304.85. Tho rate of growth studied by rearing experim-
onts by Rao (1973) on the post larvae of Parapcnecopsis

atylifora and MotapQuaoue monoceros showed that the

post larvee of the former spocies measuring between 4.0mm
and 17.6mm grew at an avorage rate of 0.45am per day.
Yiosca (1920) ostimated a growth rate of approximateiy 25mm

per month for Penacus actiferug in the length range 30 to 150mm



while Guntor (1950) observed a rate of 25 to 40mm per
msonth for tho same espoocies growing from 28 to 100ma.
Goorge gt a1l (1968b) while studying the offshore prawn
fishory of Coshin, from the longth frequongy data
costimated a growth rate of 20mm in meles and 15am in
femalos of P. ipdiqua during 4 months betwoon the first
and scoond year classes (126-130mm for males sna Y41-
145=m for fomalos roprosent the 1st year oclass and
161-165am for males and 171=175mm for fomalos represent
the 2nd year class). Banerji and Goorge (1967) and
Goorgo 9% al (1968d) showed a growth rate of 0.35% to
0.57mm por day in the juvenile stages for ). doksoni
ocourring in the Ochin baeckwators and paddy fields

in tho first yoar of lifo. Rearing experiments on

M. monocercs conducted by George (1959) in the paddy
ficlds showod a growth of 10-15mm during the course of
3 months in tho case of juveniles. Brivastava (1953)
has roported that in tho Gulf of Kuteh area, growth of
B 29R0g0ros was rapid and it attained a length of 4
inchos (102mz) in 5 months. All India Co-oxrdinated
Rosoarch Projoot on Btudies on Marine Prawn Biology and
Rosources during 1971-1974 (1975) reports tho following

growth rates for N. dobacnl, 2. indigua and M. Bongoeroe
based on tho length frequenoy enslysis at difforent sontres.



Por M. dgbsond .in the coestal wators of Ambalapushas,

they bhave ostimatod that the melea ond fomalos respeotively
attain & longth of 97/115am ot the ond of the 1st year

o2 1ife and 122/138am at the end of the 2nd yoar, thoreby
showing an averago 5f 6.2 ms and 7.3 mam per month respoct-
ively for males and fomales. 2. jpdiousg from the same
area showod a growth rate of 9.8 mm and 7.2 mm respootively
for the malos and fomnlos during the same poriod. In the
Govelsag backwators in Madres P. indicus of « modal sise
of 53am after 89 days attoined 123mm, thus showing a rate
of 23.3an por month. ). Eonoceros in Bombay wators
showed an avorage monthly rato of 4.5mm per month, the
fomnles of this specice grow to S4mm at the ond of 1st
year and 108am at the 2nd year. Tho reforonces cited
above on thoe growth rate of prowns are roleted to growth
in the fiocld,not oconsidering thoe effoot of differcont
salinitics on the growth rate. In the presont study
where importance was given to the effeot of salinity omn
growth, & meximum growth of 10.7mm during the first month
was obtainod in the oese of juvenile 2. indicus in 25%-8
(Table~17). This comes to a rate of O.38mam por day.

In the case of juveniloc ). dobsonl the meximum growth of
8.1mm in tho above poriod was obtained in 15%.8 (Tablo-22)
This works to a rate of 0.29mm per day. A meximum growth
s §.7Tmm in the first month was obtained in 20%- 8 for
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Juvenile M. mopgogeros, which is about O.31mm per day
(Tadle~31). During the first yoar 2. indious showed

a growth of 86mm in 30%.8 whilo in 25%-8 M. dohsoni 64ms
and M. monogeros 68mm. Tho mean monthly growth rates
reportod here for all tho throe spcociocs do not sapproach
to that of the values obtained from the length frequoncy
studios from the ficld data as obsorved by Brivastava
(1953), Benerji and Goorge (1967), Gcorge g% gl (1968b)
and also from that of Projeet Roport (1975) on the
gromth of P. indicus end }. dobegni. A similarly low

rate of growth has beon recorded for aguarium held
Noteponecus meatorsil dy Dall (1958). As his data showed,
ladboratory animals grow only i10Omm in total length per

month as against a natural rate of 20 to 30 ma per month.

In the present experiment, it is soen that the
growth rate of all the throc spocics of prowns is influen-
ged by varying salinitioce. PFrom the tables 14 to 34 it i»
evident thet the post lsrvae snd juveniles of all tho three
spocios show diffoeronces in their growth in varicus salinit-
ies. 7Thus post larvac of 2. indigua which wore acclimuted
in 5% B grow at its moxiouan of 15.0 sm in the first month
in 15% 8 and @ minizum of 7.3mm in 35%.8. The juvonilos
showod its maximum growth rate of 9.5 ms in 20%. 8 and a
minisus of 5.1mm in 3548 during the period. Post larvas
of M. dobaonl grow at o maximum rate of 10.5 mm in 10%. 8
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end & minimum of 7.2mm in 35% B and juvoniles grow

at & maximus of 8.1mm in 15%:8 and a ainimunm of 5.2ma
in 35% 8 in the first month. Metapengous monooercs

in their post larval stage: grew at a maxious of 11.4mm
in 15%.8 and o8 sinigum of 8.7m= in 35% B8 during the
firat sonth. Juveniles grew a mu.ximum of 7.9mm in

20€ 8 ond o minimum of 5.0mm during the period of
experimont in 5%.8. Prom the rosults from the long
tors e:perimonts (Tcbles 20, 27 and34) it is covident
that although the aagnitudo of tho ingrease in sise

in all salinities ies lower than that obsorved for one
month in most cases tho trend of growth is almost the
sane to that of the juvonilos. Both longth and woight
inocreased mucno more rapidly in 30% 8 for P. indicus

and 25% 8 for both M. dobsoni and M. MORRACIos, the
average monthly growth rate boing 7.lmm, 5.3mm and 5.7mm
respectivoly in oach salinity. Similerly P. indicus
showod o minimus rate io. an average 6.2am per month

in 20%:8 and both ). dobsoni and M. monogeros showed

a minipum monthly average growth rato of 4.5am and 5.3mm
in 3%5%.8. 2The above results show that thore are variat-
ions in the growth pattern in different salinities.

Zoin Eldin (1963) found thet uander controlled tcaperature,
’aalinity did not have significant influenco on the growth
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of the post larveec of ponaeid prawns. The presont
study with P. indicus, M. dobaonl and ). monogeros do
not agreo with tuis finding. This may be because of

the climatie differecnces, for in & temporate country
teaperature is more importont and the life thore may

be affogted more by teomperature then dy salinity.
Yonkatarsmiah, lakshoi ona Gunter (1974) end Sroekumaren
¥air and Krishnamiztty (1975) found that the post larvae

of P. aatogus and P. indigus showed faster growth in
low saline waters. Tho present study with P. indigus,

M. dobsoni and }. MONOQeros 8lso agreos with tho above
finding. Although all these species live under euryhaline
oonditions, tho results showed that they prefor low
salinity during post lurval poriod and some what highor
salinities during the later juvenile poriod. Gunter

¢% o) (1964) pointed out thot the edaptation to low salinity
is highly developod in younger stagos, whilo Panikksar (1968)
has indicateod thot ocsmoregulation in dilute modia is less
effootive in full eised individuals especially in their
reproductive phase. Punikrer oonsidcrs this feature as

ong of the principal factors which forcos theam to migroto
back to tho soa. %The present study on the effect of
varyiog salinity on the growth of both post larvae and
Juvenilece of throo specics of prewns indicctos that physio-
logical changos tako place gradually in those organisms.
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Based on tho rosults obtained im the prosent
studieos (Tables 14-34) tho followingifucts can be concluded.
Growth rate in both post larvae and juvoniles ia influe-
need by verying salinitics in the msedium. Post larvae
grow at a fastor rate in relativoly low salinities io.
at 10%.and 15%.8 and the larger prowns grow rapidly in
some what higher salinities ie. in 25%.and 30%.. Variat-
ions in salinities affeot difforently on difforent specios.
2. Andiqus favours slightly higher salinitice for seximum
growth than the )}. dobatnl and ). ponogerus. Regarding
the rete of growth also there ie spocies differonces.

P. ipdicus is baving highor rate of growth, M. dobsond
having tho loweost rate and ). BORQGRIOE possossos & growth
pattern in betweoen P. indicus and ). dobsoni. In the same
medium having the samo salinity cll the three specics
exhibit different growth rate. As thero was adoquate
uniform food supply during the course of the experimonts,
thoe differonces in the growth rate noticed cannot be

attributed to the availability of food,

The above obsorvations scoa to indicate that the
salinity uffocts the growth rate of difforoent species in
tho notural surroundings. ?The data on the poest larval
and juvonile growth in differcnt salinitics show that they
prefor low salinities beolow 25%.8 for fastor growth.
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This may be onc of the zain rocasons for the abundance
of post larvae end juveniles of penaeid prawns in
eatuarios. %Tho abundance of suitcble food in the
estuary may 8lso be o contributory factor.



PAR? 111

OXYGREN CONSUMPTION OF METAPENARUS DOBSONI
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Considerable amount of work has becn done on
the oxygen requiremcnts of a varioty of invertebrates,
with spe¢ial referonce to thoir respiratory quotients
and setabolism. 8ince any chango or reguletion of
metabolisn is directly roflocted in respiration, the
uptaks of oxygon by an anisal is taken as a moasure
of its motaboliem. Kinne (1971) and Vernberg and
Vernberg (1972) bhave roviowed the pertinent literature
on the physiological adaptations of marine and
estuarine poikilotherss in relation to environmontal
oonditions. Tho metabolic rate of invertebrates
changes diroctly with body sise, temporature, sslinity,
pH of the mediusm, agtivity and nutrition.

The environmental factors whish affoct the
metabolic rate have beon catogorised into two: controlling
faegtors like salinity and temperaturc and limiting faotors
like the availebility of oxygen and substrate supply
(Blaokman, 190%; Pry, 1947; Nowell, 1970). Besides
these environmental factors the motabolisam of an animal
is influenced by cortain endogenous factors liko the
body sise and the level of astivity. Obviously the
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influence of those 'intrinsic factors' (Vermberg and
Yernberg 1972) must bo climinated beforo othor factors
oan ¢ffectively be atudied.

The relationship betweon metadbolism and body sise
is now well established. The influence of body eise on
metabolism has been studiod by Kleibor (1932, 1947),
Brody and Prooter (1932), Brody (1945), Zouthen (1947,
1953), Homuingsen (1950, 1960) and Bertalonffy (1957).
In recont years aore information on the relationship
betwoon body siso and 02 uptake of poikilotherms has
been added to the above works and detailed reviows
on this aspect are available in the works of Wolvekamp
and Vatormen (1960), Prossor and Brown (1961), lLockwood
(1967) ond Newell (1970).

In genoral, motabolism is proportional to a
constant power of the body weight. (Zouthon 1947, 19533
Hemuingson 1950, 1960). This rclation botween the mota-
bolism of the wihole animel and body weight is expressed as

b

02 = a¥ (1) whore b <1

Yhore 'Ob' is the total oxygen consumed in unit time,
‘W' is the body weight 'a' is & constent denoting the
lovel of the logarithmiec rogression line (intercept on
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Y~ axis) and 'bd' is & constant dcnoting the slope of
the logarithmic regreseion line. As pointed out by
Bertalanffy (1957) the weight specifie metabolie rate
(1. 0,/body woight/hr) oan bo expreescd in & modified

form of egquations

0 b-1
= - av(>) (2) whore b<1

which shows a docreasing funetion of tho motabtolic rate
with inereasing sise and the slopo of the logarithmie
plot is negative.

Considering the apparently fundamontal relation-
ship dbetweon metadolism and body weight soveral attomptis
have beoen made to0 explain the mochanism undorlying the
phenomsnon. Zeuthon (19%3) suggosted that the metabolism
of motasoans would be related to their aggregate cell
surfocoe and oxpeoted tho mctabolism to inoreasc with
the 2 or 0.67 power of body weight. Aecording to
Hemmingsen (1950, 1960) motabolism is proportional, not
to tho eell surfaco itself, but to faotors like intornal
conveoction, vascularisation and the dovelopment of
respiratory systoms. He showed that metabolism varies
more nearly with the % or 0.751 power of the body woight.

Bertalauffy (1957) reviewing the relationship between
body sise and metabolism distinguishod three types:
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proportionality of motabolic rate to surface area

or to woight; intermediate botweon surface area and
weight and intormediate betwoen surface and woight
proportionality. Eventhough tho metabolisa of large
animals excecds that of small animals, it 4ocs not
increase at tho samo rate of body weight. Thus woight
spooific motabolism oxpresscd os oxygen consumed per
unit timo, of small animals is groater than that of
laxrge ones.

The faot that salinity veriations may modify the
notnboli{%.to of aquatic invertobrates has bdeon estadli-
shed by the works of Wolvekamp and Watorman (1960),
Lookwood (1967), Newell (1970), Kinne (1971) and Vormberg
and Yornborg (1972). Yet the rclation between salinity
and oxygen consumption in marine invertobrates is not
very oclear. Wolvekamp and Waetermen (1960) in their
review conslude that in some organisms respiration varies
inversely with salinity, while in others there appears
to be no correlation. The modifying effcots of salinity
changes on respiration rates have also been shown to
dopend on temperature body sisze and oxygoen sonsentration
&8 rovoaled by tho studies by Dehnel (1960) on‘ﬁg.gibnlu;
aregonenaia and H. nudus and Reo (1958) on Metapenaeus

monoceros
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The role of dissolved oxygen as & limiting
faotor in the respiratory motabolism is of vital
importance in the esology of ostuarine animals.
Hense (1910) genecralised the relation between oxygen
congontration and respiration stating that the respir-
ation of simplor, bulkicr invortebrates is oxygen
dependent while it is independent in higher invertebrates.
Iater Ledebuhr (1939) showod that marine animals could
withstand lerge variations in respiratory rate are
exhi bited only at low leovels. Reviews on the metabolio
responses to oxygen tonsion are available in the works of
Tang (1933), Krogh (1941), Zeuthen (1955), Wolvekamp and
Waterman (1960), Prosser and Brown (1961), loclwood (1967),
Newell (1970), Vernberg (1972), Vernberj and Vernborg
(1972) end Subrehmanyam (1962). Most of these studies
woere made on maerine Crustacca of the Arctic and temper-
ate regions. It has beon proved that the level of
dissolved oxygen in the surrounding medium has a dofinite
effect on oxygen consumption in Orustacea (Chen, 1932;
Van Woel ¢t al 1954} Wolvoekemp and Watorman, 1960;
Peal and Garey, 1967).

Studies on the oxygen consumption of animals of
economiec value are of special intorest, since an estimate

of the onergy requirements of an animal can usually be
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obtained from the moasuromonte of its oxygen
consumption in an aerobic state. Though the respirstory
physiology, espocially with reference to oxygen consumpt-
ion, has beon studied oxtensively in the case of fishos
end orustacoans other than praewns (reviews by Pry, 1957;
Wolvokamp and VWatormen, 1960) only & few workers have
paid attention to the oxygen consumption of prowns.

Rao (1958), Bubrahmanyam (1962), Kutty (1969) and

Kutty of al (1971) bave mado studios in this field in
India. Wheresas tho influence of weight and ambient
oxygen eoncentration in the oxygen consumption of

Penacus indicus has been studied by Bubrahmanyam (1962),
the oxygon consumption as a function of sise and salinity

in Metaponocous monoaeros has been investigated by Rao (1958).
Reports by Kutty (1969) and Kutty ¢% al (1971) provide
inforsation on the influence of starvation on the mota-
bolisa ofPenasus indicus end P. semisulootus and on the
influense of sulinity and temporuture on the oxygen
oongentration in young juveniles of Q. indicus. Hithorto
thero is no work availabdle on the oxygen consumption of
Motapesoacua dotegnd, one of the most dominant spocies
presont in Indian wators. The presont work is an attempt

t0 oveluste the influonoe of weight, salinity and ambient

oxygen congentrations on the oxygen consumption of

Natapenscus dobsond.
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(1) NeSeriale. and Meilhioda

Colleotion and acclimation of animals used for
the oxperimonts &are described in Part II. Prawns of
both soxes, of woights ranging from O.4gm to 6.6gm
woro usod in the oxporiment. Larger specimens above
4gn were takon froa tho inshore areas of Cochin as the

spocimens above 4gm were not common in backwators.

Pry(1947) has rocorded threeo methods for messuring
oxygen consumption in aguatic animels. Thoy are (1)
following the doplotion of oxygon in a sealed container
(closed systom reepirometry) (2) messuring the loss of
oxygon and tho rate of flow of water through a smell
chambor (opon system respiromotry) and (3) manometrie
mothods. Of theose the closod system respirometry was
usod to moasure the total and weight specifiec oxygon
consumption of M. dobsoni in the present study. The
experiments were done using @ respiratory chasbor
described oarlier by Job (1955). The respiratory
chambors usod werc of 1000ml ocapacity Bhrlonmoyer
(eonical) flasks. The chambor was olosed with a rubber
stopper carrying both the inlot and the ocutlot., The
former was & burotte, which by opening the stopeoek,
gould deliver through @ long capillary measured volume

of water to the bottom of the chomber. At the time of
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sampling, the outlot which was normslly kept plugged
was opened so that an equal volumseo was simultanecously
expellod. By using coloured wator under identical
ocondisions and by roponted tosts, the above procedure
was adopted so that tho water drawn off for sampling
d1id not boocome contaminated with the water thet was
introduced, and it roprescated only the truc semple
from the ohambor.

The animels selcotod for the oxperiments wore
transforred from the aquarium tank and kept in glass
troughs containing filtered and aerated wator of the same
acolimation salinity and without food for 24 hours for
gotting emptied the gut before they wore used for oxperi-
acnts. Aftor setting the apperatus one anisal was intro-
dueod in the respiratory cuamber in the experimental
salinity for one hour bdefore cach oxperiment was started
in ordor to got it accustomod to0 tho new surrounding.
Thoy wore not fed and xept in darkness during the experi-
nont. The respiratory chambors were held in a water dbath
at 29°C and maintained constant to + 1.0°C throughout
the duraetion of the oxporiment. The pH was moasured B%oth
at the beginning and at the ond of the experiment and the
ohange was always loss than 1.0 in the range 8.5 to 7.2.



Samples were taken at the beginning of the exporimont

t0 note the initial 02 content and at ono hour intorvals
t111 the doath of tho onimels. 7The animaels were consider-
ed dead whon the pleopod osnd gnathopodite beating ceascd
and the body surned upsidec down. Wet woight of the

animal was takon at the ond of each experiment after
carefully wiping it betwoon folds of blotting paper.

The weight was rocorded to the neareat O.1mg. Unmodified
¥inkler teohnique was employed for measuring dissolved
oxygon snd 10ml sumples wore usually analysed.

15 to 22 anipals of difforent woights were tosted
in each salinity mediua. Besides the expoerimeonts in the
acclimation mpdium of 30%X.8, animals were diroectly trans-
ferred from the acclimation salinity to varying media of
10%. , 20%.,and 40%-8. 8inoc those animals spend much
of their time buried in the bottom substrate, locomotor
activity is minimum in the natural habitat. 1In the
respiratory chamber also, they kecp their place at the
bottom most of the time. In this carc since the animal ie
in & routine state of activity and obviously not oxeouting
sny consietontly oetive swimming movomcnts, the torm
‘routine~active' ocould bo omployed hore. The moasure-
monts of oxygen consumption made under such conditione can
be termed as 'routine meotabolic rate' (Job, 1955 Pry, 1957
Xutty, 1969).
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The numorical data odtained on the oxygen consumpt-
ion of }§. dodbsgni in relation to salinity, body woight
and oxygen tension were statistically analysed using the
modolss

(1) 02 - l'b and (2) 0, = I'(b-i)

The parametors ‘a' and 'bd' wers estimated by the
method of least square after converting the wmodel into
lincar forms by toking the logarithms of ()2 and W, 1ie.

(1) 10;02-10;14-!'103'“4
(11)10502-103'-]@3.4-\:10"-19"

(11) Exeeximsnte apd Resulss

1. Oxygen consumption of M. dobaoni in relatiom
- 1YaYe s r N ne 84go " me d D

£

1,9 -10

®
Y

Data obdtainod on the oxygen consumption of J.
dobaoni in the ecolimation salinity of 30%-in pO, (partial
pressure of oxygen) 160 ma Hg are prescnted in Table 35.
The oxygen uptake por unit time showed an increasing
tendoncy with increasing body weoight. The regression
coefficiont 'b' of tho oxygen uptakc against body weight
was obtaincd as 0.5031, The line is plotted in Pig.36
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which shows & positive linesr rclationship. The
metabolic rate in torme of oxygen uptake per unit¢
woight in unit time (0,/ul/g/h) are given by the
formula 02 = nbd showed a decline with the inoreasing
body woxzht resulting in a nogative lincar relationship
(rig.40). The rogression value for the weight speoifio
oxygen consumption (metabolic rate) which is b=1 in the

above formuls wae obtained as -0.4969.

2. Oxygen consumption of M. dobsopl in relation to
AEAA %A K A4 8Y _ang. 00C A ‘ D _R\

Animals weore direotly transferred from the acclimation
medium to higher and lower salinities and thoir reepiratory
rates in 902 160mn Hg wore studied.

The rospiratory rates of M. doksoni transforrod to
10%. 8 at 160mm Hg pressure from the acclication medium of
30%- are givon in Table-36. The mgression lines are given
in Pigs. 34 and 38. The veluos of 'bd' and 'b-1' were
obtained as 0.3898 and -0.6102 respeotively.

»)

Data obtained on oxygen consumption in 20% 8 at
160 mm Hg are presented in Table-37. ZThe rogression lines
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are shown in Pigs.3% and 39. The ostimatos of 'b!
and 'b~-1' were 0.3926 and ~0.6074 respootively.

e)

Animals agcclimatod in 30%.5 were dirootly transferred
to 40%-8 and the data obtained on the oxygon consumption
in 902 160 mm Hg are presented in Tadle-38. The relation-
ship between bod& woight and oxygon uptake, and betwoen
body woight and metabolic rate are shown in FPigs.37 and
41. The values of 'b' and 'd-1' wore found to be 0.3584
and -0.6416 reepootively.

Statistically refined values for oxygon uptake and
motabolic rates of standard woights 500, 1000, 2000, 3000,
4000, 5000 and 6000 mg when subjcetod to salinity variat-
ions are given in Table-39. Results of the statistical
snalysis of the data on oxygon consumption when subjected
to variations in salinity are prescated in Table-40. Tho
regression coeffioients obtained undeor differont experim-
oental salinities were compared and the results are shown

in Table-41.
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3. Oxygen consumption of M. 4obaond in relation

The regreseion lines obtainod undexr declining
partial pressure of oxygen (pO,) in the scclimation
modium of 30%.8 are shown in Pig.44. The values of
'd' obtained in 902 160, 140, 120 and 100 mm Hg were
0.5031, 0.4684, 0.4756 and 0.4%58 respootively. Respir-
atory rates for stundard woights 500, 1000, 2000, 3000,
4000, 5000 cnd €000 =g in pO, 160-100 ma Hg are given
in Table-42, |

4. Oxygon consumption of M. dobsonl in rolation
3o body weixht end salinity in deolining oxygen
lenaion

Bpoocimena of M. dobaonl wore directly transferred
from tho acclimntion modium to media of higher and lower
salinitics and their reepiratory rates under deelining
oxygon tension were obsorved. Results of the statistiocal
analysies of tho data on oxygon consumption when gubjooted
to difforont partial pressures of oxygen in various
salinities are presented in Table-43. The rogression
coofficionts obteoinecd undor declining oxygen tonsions in
the samo salinity modia and various salinities were

compared and the results are shown in Tables-44 end 45.



Pigs.42 to 45. Relationshipd betweon oxygen uptake (pi/h)
and bdody weight of E.gu* in declining
n tonsion (po "when su Josted to
:I{ﬂny changes .
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The regression lines for oxygen consumption against
body weight obtained for animals transferrved to 10%- from
the seclimation medium of 508:8 in deelining POy are
shown in Pig.42. The valuss of 'd' obtained for po,

160, 140, 120 and 100 ma Mg were 0.3898, 0.3036, 0.3003
and 0.2990 respestively. The respiratory rates for
standard weights 500, 1000, 2000, 3000, 4000, 5000 and
6000 mg in 902 160-100mm Hg sre presented in Table-46.

The regression lines obteined for animals trans-
forred to 20% 8 from the sscliuation medium of 30% 8
are shown in Pig.43. ZThe ostimates of 'd' in y()2 160,
140, 120 and 100 =mm Hg were 0,.3926, 0.4618, 0.4386
end 0.4535 respectively. ZThe respiratory rates for
standard woights 500, 1000, 2000, 3000, 4000, 5000
end §000 mg in pO, 160-100 == Ng arc given in Tadble-47.
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Pig.45 shows tho regression lines obtained under
doalining pO2 for animals tronsferred tgon the acolim-
ation wedium of 30K.8 to 40%.8. The 'd' valuesobtained
wore 0,.3584, 0.3527, 0.3986 and 0.4929 respectively
in pO2 160, 140, 120 and 100 mm Hg. The oxygen uptake
and motabdbolic rates for standaxrd woxghtffgboo. 2000,
3000, 4000, 5000 and 6000 mg in pO, 160-100 mm Hg are
given in Table-48.

. Ismthel lovel of oxygen oongentration of
? M. dousond in various salinities

In oach experiment the volume of dissolved oxygen
in tho experimental modium at tho time of death was
estimated and oxpressed as the lethal level for the
animal in the partiocular modium. The obsorved lethal
values of oxygen in the difforent salinity media for
tho onimals wore statistically analysed to find out
their reclationship with body sise of the enimals and
thoir variations in the different salinity media.
Results obtained arc presonted in Pig.46.
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ZABLR-36

Oxygon uptake and motabolie rate of ). dobsoni
in 104.8 in pO2 160 mm Rg.

Body weoight en upteke lMetabolic rate
d:.‘ ig Oxysp mp vy
481 690 1434 .5
612 850 1388.9%
837 880 1051.3
1242 930 748.7
1672 940 $562.2
1744 1030 590.5
1921 1160 603.8
2287 1240 542.1
2522 1370 543.2
2691 1400 484.2
2992 1350 451.2
3295 1300 394 .5
3674 1380 375.6
3873 1430 369.2
4018 1520 378.2
4476 1680 375.3
4904 1600 326.2
5074 1720 338.9
5738 1880 327.6
5872 1920 326.9
6013 1950 324.2

6612 1890 285.8
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ZARLR=37

Oxygen uptake and motabolic rate of M. dobacni

Body weight n uptaks Metabolio rate
d.v.‘ ig Oxu;vhp 0 AI/a/n
699 450 643.7
742 530 T14.2
792 640 808.0
1232 568 477.2
1346 666 494.7
1667 712 427.1
189% 696 367.2
2468 781 316.4
2578 812 514.9
2700 911 337.4
5728 892 239.2
3915 992 253.3
41352 1091 264.0
4617 1012 219.1

5824 1132 194.3
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ZABLE-3g

Oxygen uptake and motabolic rate of M. dobsoni in
40%.8 in PO, 160 =mm Hg.

Body welight Oxygon uptake Metadbolic rate

d:.‘ 8 .vsP 1/hp 0y pi/a/n
810 490 604.0
880 830 943.0
895 720 804.4
992 750 756.0
1332 1010 758.2
1492 1040 697.0
1820 980 536.4
2010 900 447.7
2316 995 429.6
3016 1049 347.8
311% 1110 356.3
3163 1150 363.5
5648 1185 324 .8
3921 1197 305.2
4126 1174 284.5
4632 1210 261.2
4938 1280 259.2
5229 1230 235.2
5623 1294 230.1
5948 1315 221.0

6211 1358 218.6
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ZABLE-39

Oxygen uptake and metabdoiic rate of ). dobsoni of
standard woights %00, 1000, 2000, 3000, 4000, 5000
and 6000 mg when subjected to salinity variations
in p02 160 = Hg.

Accl. Exp. Metabolioc Aversge
8al. 8al. M":i‘“ 02 ‘{}:‘k‘ rate metabolio
5. % a 0, xl/g/kh rate 0,/pl/g/n
500 686.3 1372.6
1000 899.3 899.3
2000 1179.0 589.5
30 10 3000 1380.0 460.0 620.8
4000 1544 .0 386.0
5000 1684.0 336.8
6000 1808.0 301.3
500 582.0 1164.0
1000 804.6 804.6
2000 1056.0 528.0
30 20 3000 1239.0 413.0 547.2
4000 1387.0 346.8
5000 1514.0 302.8
6000 1626.0 271.6
%00 377.1 754.2
1000 534.6 534.6
2000 757.5 378.7
30 50 3000 929.0 306.6 387.0
4000 1074.0 268.5
5000 1201.0 240.0
6000 1517.0 219.5
500 571.0 1142.0
1000 731.9 731.9
2000 938.3 469.1
30 40 3000 1085%.0 361.6 571.1
4000 120%.,0 301.0
5000 1303.0 260.6

6000 1391.0 231.8
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JARIR-40
aumtuu anslysis of the datea obtained on the oxygen

H in relatsion to variations in

A= m of experiments; b = regression coeffieient

-2 = eorrelation gceffictiont,

= standard error of b,

)= student’s S value, P = bability lovel.

Asel. Exp.

Sal. "io n ] Pt b 5 'b tb ) 4

(%) (%)

30 10 22 0.5898 -0.6102 0©.9857 0.1183 3.2950 (0.0t
30 20 135 0.35926¢ -0.6074 0.8828 0.1244 3.1%%9 10.01
30 40 21 0.3584 ~0.6416 0.8954 0.1649 2.1740 <0.01

SABLE-41

on of regreseion coofficients obteined for
mn subjected to changes in salinity in

Probability

Oo medis
%)
30 and 10 N.8.»
30 and 20 X.8.
30 and 40 X.8.
10 and 20 K.8.
10 and 40 N.B.
R.B.

20 and 40

¢ N.8, Not significant
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ZARIN-42

Oxygen uptake and motabolic rate of ). of
standard woights of 500, 1000, 2000, 3000, 4000,
%000 and 6 mg in declining poz in the agolimation
medium of 305, 8.

POy Body weight O
uptake Metadolio rate
- Bg n “u1/h 0, WL/
500 377.1 154.2
1000 534.6 519.2
2000 157.5 375.7
160 3000 929.0 311.0
4000 1074.0 271.2
5000 1201.0 245.2
6000 1317.0 225.1
500 351.4 702.8
1000 486.1 486.1
2000 672.3 $36.2
140 3000 812.9 271.0
4000 930.5 232.6
5000 1033.0 206.6
6000 1126.0 187.7
500 333.5 667.0
1000 456.1 456.1
2000 625.5 312.8
120 3000 152.5 250.8
4000 858.0 214.5
5000 949.9 190.0
6000 1032.0 172.0
500 332.6 665.2
1000 463.1 463.1
2000 644.0 322.0
100 3000 781.1 260.4
4000 895 .6 223.9
5000 995.9 199.3

6000 1086.0 181.0
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ZABLE-43

Statistical analysis of thc data obtained on the oxygen
consumption of ). dobagnl acclimeted in 30%. 8 in relation
t0 salinity and oxygen tension. n = number of exporimonts,
b = rogression coofficient, r = correlation ocefficiont,
8'- standard orror of b, tb = gtudent's t value,

P = probadility.

0, Exp. Sal.

nu'Hg f& ) = b b-1 T 5, %, P

140 20 15 0.4618 =0.5382 0.7336 0.1389 3.3246 < 0.01
30 20 0.4684 -0.5316 0.9595 0.1479 3.1670 < 0.01
40 21 0.3527 -0.647% 0.5319 0.0916 3.8504 < 0,01
10 22 0.300% -0.6997 0.80%3% 0.0774 3.8798 <0.01

120 20 15 0.4386 -0,.5614 0.9277 0.1417 3.0952 <0.01
30 20 0.4756 =0.%244 0.%5291 0.1385 3.4339 ¢ 0.01
40 21 0.%986 -0.6014 0.6666 0.1048 3.8034 <0.01
10 22 0.2%90 -0.7410 0.2089 0.0%16 8.1462 <0.01
20 15 0.45%% «=0.5465%5 O0.7006 O0.1135 3.995% (0.01

100 30 20 0.4558 <=0.5442 0.9593 0.1478 3.0818 < 0,01
40 21 0.4929 -0.5071 0.6670 O0.1144 4.308%5 <0.01
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ZANIR-4§

Oxygoen uptake snd setabolie rate of J. “'6.0'8“ of
standard woights 500, 1000, 2000, 3000, 4000, 5000
and 6000 mg in declining PO, 1n 106 8.

po0 Body weight 0, uptake NMetabolio rete
sallg ng 2.1/br 0, p1/g/n
500 686.Y 1372.6
1000 899.3 899.3
2000 1179.0 589.5
160 3000 1380.0 460.0
4000 1544.0 386.0
5000 1684.0 336.8
6000 1808.0 501.5%
500 651.0 1302.0
1000 805.4 805.4
2000 993.8 496.9
140 3000 1124.0 374.6
4000 1227.0 506.7
$000 1313.0 262.6
6000 1388.0 231.3
500 566.1 1132.2
1000 696.9 696.9
2000 83%1.6 415.8
120 35000 922.3 307.4
4000 992.4 248.1
%000 1051.0 - 210.2
6000 1101.0 183.5
500 567.0 1134.0
1000 697.1 697.1
2000 8%8.2 429.1
100 3000 969.4 323.1
4000 1057.0 264.3
$000 1131.0 226.2

6000 1193.0 198.8
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2ARIE-47

Oxygen u tnh and metabdolic rate of }. dobsgni of
standard vtighto $00, 1000, 2000, 3000, 4000, 5000
and 6000 mg in declining p0y im 20%- 8.

poO Body weight 0, uptaks Netabolic rate
ma’Eg » 2 2l/n 0y R/
1000 804.6 804.6
b 1036.0 $28.0
160 3000 1239.0 413.0
4000 1387.0 346.8
%000 1514.0 3502.8
6000 1626.0 271.6
500 . 476.2 9%52.4
1000 656.0 6%6.0
2000 $03.9 451.7
140 3000 1089.0 363.0
4000 1245.0 311.2
5000 1379.0 275.8
6000 1501.0 260.2
$00 368.1 736.2
1000 498.9 498.9
2000 676.1 338.1
120 3000 807.6 269.2
4000 916.2 229.1
$000 1010.0 202.0
6000 1095.0 182.5
%00 3%50.0 T700.0
1000 479.9 479.9
2000 657.2 328.6
100 3000 789.8 263.3
4000 899.9 225.0
5000 995.6 199.1

6000 1081.0 180.2
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ZABLE-48

Oxygen uptake and motabolie rate of M. dobaouni of standerd
'.1{1t. 500, 1000, 2000, 3000, 4000, 5000 and 6000mg in
declining p0, in 40%. 8,

pO. Body woight 0, uptake Netabdolie rate
nzll; g a)n/h 0, nlY/g/n
500 571.0 1142.0
1000 739.9 739.9
2000 938.3 469.2
160 3000 1085.0 361.6
4000 1203.0 301.0
%000 1303%.0 260.6
6000 1391.0 238.8
500 533.8 1067.6
1000 681.7 681.7
2000 870.4 435.2
140 3000 1004.0 334.7
4000 1111.0 277.8
5000 1202.0 240.4
6000 1282.0 213.7
500 453.9 907.8
1000 5398.4 598.4
2000 768.6 594.3
120 3000 928.5 305.5
4000 1040.0 260.0
%000 1137.0 227.4
6000 1221.0 203.5%
$00 342.6 76%.2
1000 482.0 482.0
2000 878.2 339.1
100 3000 721.% 240.4
4000 954.9% 2%8.6
5000 1065.0 213.0

6000 1166.0 194.3
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(111) Risguasisn

Both the motabolic rato and the level of agtivity
in animals are affoctod by a variety of environmontal
factors, such as tomperature, salinity, amount of availe
ablo oxygon and also by the body sime and the physioclogi-
cal state of individuals. Purther, the exporimontal
techniquos and the unit for the oxygen consumption rstes
reported in the literature are quise varied. It is,
therefore, difficult to mako absolute comparisons among
the oxygon uptake retes of various spocies or of the
individuals within the spocies. The offescts of various
factors influensing the respiratory mctabolisa of M.
dobponi are discuseed below.

Oxygen consumption in relation to body welight

The oxygen uptake of whole individuals of M. deobacni
inereasod with increasing body weight and the metabolie
rate in torms of weight specific oxygen consumption
(0, P1/g wet wt/h) showed & decline with the increase in
body woight in all the teostod salinities of 10% ,20%. , 30%.
and 40% . This means that the total oxygen consumption
of smallor animals is less than that of larger ones, but
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the motabolie rate ic. oxygen uptake per unit woight

in unit time is more in the former. Tables 35, 36, 37
and 38 and Pigs. 34, 35, 36 and 37 show that the total
oxygen consumption in M. dobsoni ecclimated in 30% 8

and tosted in 108.8, 20%.8, 30%:8 and 40%-8 varied with
size in 160mm Hg partial pressure of oxygen. It is

well established that oxygon consumption is a power
function of body woight and the biological significance
of the exponential value (b) has beon reported by vurious
workers. The b-valuos reported for crustacesns gonerally
fall between 0.67 and 1.0 (Zouthen 195%, Hemmingsen 1950,
1960, Bertalanffy 1957) showing a range betweon surface
area related and weight rolated respiration. Hemmingsen
(1960) suggosted a common veluo of 0.75 for poikilothorms.

The 'd' valuos obtained in the present study for
J- 4abeond in p02160- Hg in different salinitios differ
from the above values (Table~40). Here the 'd' values
obtaincd for prowns which are agclimated in 30%.8 and
tested in 10%.8, 20%.5, 30%.8 and 40%-8 are 0,3898, 0,3926,
0.5031 and 0.3584 respectively. Statistical analysis
of the dita in different sslinitios (Table-41) suows
that they are not significantly different and so a common
‘D' value can bo attributed to the relationship between



sine and oxygem consumption in different media.

The regression coeffieient roported horo for M. deobscni
in p0, 160 ms Hg in the acclimation salinity of 30%.1is
0.50%1 and this value ean be takon for eomparison with
the '®' valuos reported for other erustaceans. The

'D' values roported for various crustacoans by Ellenby
(1951) Zdney and Bpencer (1955), Bortalanffy (1957),
Robertson (1957), Subramenyam (1957, 1962), Barnes and
Barnes (1959), Teal (1959), Ganapati and Rao (1960),
Bmall and Rebard (1967), Bulnheim (1974) ote. are
betwoen 0.67 and 1.0. But sevoral others have reported
instanges of smsllor 'bL' value in orustagceans. Qonover
(1959) obtained values less then 0.67 for calsnoid cope-
pods. Delnel (1960) reported 'b' valuos for the inter-
tidel orabs Homigraneua orexcnonsis and H. mudua varying
botwoen 0.315 and 0.667 and stated that only very few
values approached the generally known regression soeffig~-
ients for erustaseans. Newell and Forthoroft (1965)
have obtained low values for the barnacle Zalenus dalanocides.
Values like 0.37 and 0.48 whieh are appreciably bdelow
the common range have beon noticed by Eaq (1967) for the

oopepod NMatrida lugons and ). lopga. Very low values
renging from 0.037 to 0.444 have beon recorded for the

amphipods Bathrooreis pilosg end B. pelagies by FPish and
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and Preeses (1970). Oheriyan (1973) obtained values as
low &8 0.3428 and 0.4463 for the wood boring isopod

Schasrone Saxshrane. Yor the isopods Bphacxeps amnandalod,

Sirelans fluviatillis snd Q. willeyi Oberisn (1977) bas
reported low values ranging from 0.2495 %o 0.%976 in the

agolimmtion salinities of 17 and $3%..

Rso (1958) has reported that in Mo%eDGIRENA BOROGSrOs
the 'd' value varied froa 0.5 %0 1.05 agcording to the

veristions in selinity. BSubrahmanyam (1962) has reported
the 'bd' value for Penagus indigus as 0.604 in 14.5%-8,
but the value varied with the partial pressure of the
oxygen in the medium. Kutty (1969) in his investigation
on P. indiqus obtained a 'b' value of 0.501 in a salinity
of 36%-at 28.30°C. VWhilo studying the oxygon consumption
of the juvenile P. indicus Kutty gt al (1971) bave noticed
tho 'b' valuo es 0.553. The 'd' value odtuined for ).
dobsond in tho present study is 0.5031 in 308 8 at 29°C.
This valuc comos within the range of values mentionsd
above for other prawn specics. Prom Table-41 it will be
seon that the difforences betwoen 'b' values ia various
salinitios are not significant. The *'d' values obtained
under difforcnt partial pressure of oxygen in different
selinity modia were also not significantly different froms
cach other (Table-45). This shows that in gonersl, the
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same relationship with regard to the rate of oxygen
consumption and sise is maintained under varying

oxygen oongentrations.

Rao (1958) reported the mosabolie rate (Oznl/g/hr)
of J. manogexrps &s 0.80 in 35.5%-8, 0.66 in 16.75%-8,
0.74 in 8.4%-8 and 1.00 in tap wetor at 30°C,
Sudbrshmanyan (1962) has reported tho metabolie rate
of 2. indicus to bde varyfng between 0.787 and 0.200 ml/
g/h. Tatty gt al (1971) found the oxygen uptake of
juvonile P. indicus as 0.352 mg/h. In the present
studies tho motadolic rates obtained for M. dobsonl
(0.6 to 6.5 gm wot weight) vary from 218.9 to 657.0 mul
02/3/h in 30% 8 in p0, 160 =m Hg. This shows that the

motabolic rates of N. dobsoni and P. indigus are
eomparable,

Oxygen consumption of ). 4obsgnl in relation to
salinity of thehedium is illustrated in Figs.34-37. The
oxygen uptake ix abruptly chonged salinities is markedly
woight depondent and the motabolic rate falls repidly
with increasing body woight., But the regression coeffic-
ionts of oxygen uptake against body weight do not show
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significant veriations under four differont selinities

e, in 10%.,20%.,30%-and 40%.. Asscsaing the literature
aveilablo, only & few papors on the respirotory msctabolism
of prawns contain information on the relationship between
oxygen uptake and body weoight in relation to schanges im
salinity. Reo's (1958) work on brackish water and

sarine populations of ). monoagros showod thot the
regression coefficiont of oxygen oonsumption against
weight is not the sams for different salinitios and for
the two populations. Ne has reported that in M. monogeros
the '»' value varied from 0.5 to 1.05.

Pable~39 shows that the metabolic rates of J. dabsoni
of standard weights 500 %o 6000 mg vary between 1372.6 and
219.5 pl Oz/g/h when animels asre subjected to salinity
variations. The average motaboliec rate of animals 1is
the minimum in the accclimation modium of 30%.8. As shown
in Pige.47-50 and Table-39 when the salinity decomos
higher or lower from that of the acoclimation salinity
there is an inereasc in tho rate of oxygen uptake. Kinne
{(1971) bas stated that many agquatic invortebrates respire
at the most oconomic rates inm salinities to which they are
genotically adjusted., It has also been proved by sevoral
suthors that the respiratory rates of euryhaline cerustacoans



Pigs.47%050 Trend of variatioms in the rate of u{en
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shange undor conditions of osmotic stress mostly as

an increase under adverso gonditions. According to

theso views the increase in motabolie rates of ). dobsoni
in the changed salinitios appears to be due to the stress
of the onimele in adjusting to the sudden chonges in

the modia.

It ia stated by several suthors who have worlmd
on Orustacea, that when animals acclimated in a highor
salinity medium are transforred to lower salinity media,
thereo is an inorease in oxygen uptake as has happened
in the present study on ). dobaonl end according to thenm,
this iacroasc is required to maintain the ocomeentration
of their body fluid. BExperiments on such lines bhave been
done on Carsinus macnss (Bohlieper, 1929), Gamgerus
shevreuxi (Lowenstein, 1935), Qoypode albigcang (Flemistor
and Flomistor, 1951), Hemizrapsus presgonensis end H. pudus
(Dehnel, 1960), Potemobiua Lluviatilis (Schwabe 1933),
Erphia apinifdros and Pagurus Jopgicarcua (Buddenbrock,
1948), QGamasrus quebeni (XKinne,1952), Arxtemia salina
(Bliassen 19%52), Bphasroma Serehraps (Oheriyan 1973),
ldotes neglects ond Idotea smarginata (Jones 1974),
Sphacroms annandalel (Cherien 1977) eto. Others also

have noted an inoresse in the rate of oxygen consumption
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on transfer from higher to lower salinity media,

dut they 4o not coneider tho inorease is due to osmo-
regulatory eotivity slonc. Grose (1957) msaintains that
thoe increase in the rate of oxygen consumption is due
to the struggle of tho animal to oscape fom that medium,
The studies by Gopalakrishnen (1933) on Madras penccids
by keeping the animals held tight in glass jackets

show that the rise in oxygen consumption in lower
salinities is not duo to the mmsoular astivity of the
cnimal. The view of Dohnel (1960) is also that the
inorcased rate in low salinity does not result froa
incroased musoular sgtivity. There are othor views
also thot tho rate of respiration decsressos when animals
from higher salinity modia are transferred to low
salinity modia (Krops 1929; Rrsseda Reo 1965). BSome
suthors like Bltringham (1965), Krojgh (1939), Gilohrist
(1956) and Prankenberg and Burbanck (1963) have odeerved
tho samo respiratory rates for the animsls they studied
in different salinities. In the present studies M.
4abeonl showed an increase in the rate of respiration
when animals from a higher salinity sedia (30%:-8) were
Sransforred to lower media of 10%-8 asnd 20%.8. They
also showed a slight inocrease inm oxygen uptaks when
Sransferred to the higher salinity medium of 40%.8.
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Mt from Table-39 and Pige.47-50 it is clear that
the oxygen uptake in 40% 8 is lower tham that in 10%
or 208 . This may bo an indication that in media
other than tiw aesclimation meodium, the animal is
unable to adapt immediately to carry out ites usuasl
1life activities and to ovorcoms the cemotic stress.

Pige.42-45 which show tho oxygen consumption of

preawns of different woights at theo four partial prossures
of oxygon tosted indieate that the linecar rolationship
betwoon the dody weight snd the oxygen consumption is
ssintained throughout the experiment. As ovident from

the figures above cited eand Tables 35-38 the total

oxygen consumption in M. dobsonl inoreasod with the
inorease in the body woight in all the four salinities
tested under the various partial pressures of oxygen.
Statistical analysis of the 'd’' values obtained in 160 mm Hg,
140 mm Hg, 120 mm Ng and 100 mm Hg shows that they are not
significantly different from each other (Tables 44 and 4%).
Ssudies on the offoot of ambiont oxygen tomsion on the
motaboliss~ body sisec relationship are few for comparison.

and (Do

Subrabmanyem (1962) obsorved a 'b' value of 0.4% in 183Lnn Hg,

0.45 in 100 mm n‘ and 0033 in 75 b -] B‘ in 1‘05’08 forxr



Jepasua indiocus. He also roported that there is very
1ittle change in the relationship detween body weight

and oxygen consumption in difforont partial pressures
of 02. In tho case of M. dobaon) eleo thore is no
significant difforences betwoon the 'Db' values obtained
in differont partial pressures of oxygen in difforent
salinities as shown in Table-45.

As shown in Pablos 42, 46, 47 and 48 end Pige.51-54
there are differonces in tho oxygen uptake and motabolio
rate in the four partial pressures of oxygon tested,

In generel the oxygen uptako is the maximum in 160 mn Hg
and as the po2 deoreases, the rate of oxygen uptake also
deoreasocs. Theso variations in the rate of oxygen uptake
and motabolic rate in different partial pressures of
oxygen show thaot there is influcnec of deolining oxygom

teonsion on oxygen consumption of M. gobsomnd.

Investigations have deen carriod out by various
authors on tho rolation boetwocn external oxygon tension
and tho rate of oxygen uptake on the basis of which
aquatic enimals are clascified as ‘conformors' and
‘regulatorst (Lookwood, 1967; Vormberg, 1972). S8pocies
in whieh respiration is limited by the amount of oxygen
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present in the surrounding medium are called conformers.
In other words they are oxygen dopendent. Those
species in whish oxygen consumption remains unaffected
until somo criticel oxygen tonsion is roached are
regulators or they are oxygen indopondent groups. Both
the types are met with in Orustacoa. Pigs.51-54 show
that the oxygen uptoke of M. dobeoni is not the same

in different oxygen tensions in differcnt salinitios.
The rate of oxygen uptake is graduslly decrcasing due
to the declining oxygon tonsion in the differont
salinity modia and it can be said that the oxygen
ocomsumption is depondent on oxygon ocomeentration im the
medium in the gase of M. dobagni. 8o it cean be ocalled
e 'eonformer’'. In the cose of J. dobsoni it can be
said that the oxygen consumption is influenced by
deolining oxygen tonsion to a certain extent, but the
nature of their depondonoy in the oxygen uptake does
not affeet their distribution, bcocause in their haobitat
tho chances of oxygenm tonsion reaching very low valuos
are remote as revealed by the oxygen data of the ares.
Therefore, the need for regulation of the respiratory

ratos doenot arise in their case.



Pigs.51 to 54. Trend of changs in the rate of respiration

in of weights 1000, 2000, 3000
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408 8 at differeont oxygen pressures.
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Jathal lavel of oxygon gongcniration im different
salinity medis |

The level of oxygen sonaentration in the mcdium
at the time of the death of the animal is termed as
the lothal lovel. The lethal lovel is the highests in
10%:8 and the lowect in the asclimation medium of 30%-8
(Pig.46). It was also noticed that the lethal level in
40% 8 is lowor then thet in 10%.8. This indicates that
the stress dus to osmoregulation is more when the animal
is transferred to very low salinity than when transferred
%o higher salinity. There is not mush veristion im the
letbal lovel of O, when the animel was tramsferred to 20%.8.
Subrahsanyss (1962) has oconductod experimonts on P. indious
to find out tho relationsbip betwoen the weight of the
animel and the lethal level of oxygen consontration.
Aecording to him in P. indicus the lothal level of oxygen
increascd with the weight of the animsl and the value
varied from 1.49 ml/1 to 3.80 ml/l for animels weighing
from 0.60 gm to 10.0 gm and ho got an expoment value of
0.345. I+ isopod crustaceans Ohoriyan (1973) and
Cherian (1977) have found no significant differenses in
the lcthal locvels of animals of difforont weights,
But tho presont studies indicate that in M. dobsoni
the lethal lovel incroases with the weight of the
animal,
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The most common spocies of penseeid prawns that
ocour in the Xaysminilam and Cochin backwaters, (two

major estuaries in Kerala) are Penseus indieus,

Metapenacus dobaenl and N. mopnooercg. It was obvious
from the sonthly observations sarried ous during 1976-

1977 that there was definite scoasonal variation in the
larval resruitment into the Wwo estusries. In the
Keyankulas backwaters thore was only one peak of

larval oocurrenco snd that was from September to Januarxy.
In tho QOochin dackwators there wexe two pcaks of oecurr-
ence for the prawn larvae, one from Beptember to Decombor
and the other froa February to May. The total number

of larvee obtained in @ unit area in an year in the
Kaysaimilan lake was more than that of the Cochin baok-
waters. Post larvee and juveniles of Ponasua indioua
were predominant in the Kayamkulam loke and that of
Josapenasua dobecnl dominated in the Coochin backwaters.
When the sige variations of prawns eaught in the throe
common nets opcrated in thelakes vis. cast net, staks
not and ochinose dip net were compared, it was found that
those obtained in the cast net were larger, whereas the
catches in the stake not were smallor. JBoth large and
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small prewns were odtained in the chinose dip met.
Another faetor which was observed in the present

studies wos that the females signifieantly outnusbered
the maleos in the Kayamkulam lake where_as in the Cochin
backwaters males and femalos were more or less uniforaly
distributed. The sbundance and occurrense of prewns

in both the estusries were influenced mainly by salinity
and to 8 lesser extent by temperature. During She
monsoon season whon tho salinity and temperature were
low the cetoh was poor, where ms during post monsoon
end pre monsoon periods when the temperature and salinity
were high there was good cateb.

The three speoies of ponseid prawns, Popaeus indigus,

Xotanenasua dobecnd and M. agpogerqs whieh are known %o
oontribute largely to the gommerciasl fishery in she Qochin

backwaters wers taken up for investigations on the salinity
tolerance, the effeet of salinity on growth, snd the
temporature toleranse. Oxygen consumption in relatsion to
eise, salinity and oxygen coneontration of X¥. dobasni

were also studied in the laboratory.

laboratory experimonts on salinity toleranee revsaled
hlt these prewns were essentially euryhaline and they could
HEiierate wide ranges of salinity from 3%-to 43%.. Throe
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sexries of salinity toloranee tests have bean carried
out using snimals acelizated in low (5%.) medium (15%.)
and high (30%:) salinities represonting the three
seasonal salinities in the habitat. ZThe lower and
higher lothal salinities for esch specics aoclimated
in the above salinitieos have been found cut. Por XN.
dobsoni and ¥. moRoasros scelimation to low salinity
tonded to shift the lower limit downward and the upper
limit upward. Por P. indigus seclimsation to low salinit-
ies d4id not shift the lower limit downward. When the
three spocics were compared, the differonces found in
their tolorance capasity in varying salinities from
0-50%-wore not signifieang.

Experiments in the ladoratory om the tolerange of
the threo specios of prawns at elovated tomperatures
have shown that both the post larvae and juveniles csould
survive in temperastures upto 36°C. But the mumber of
survivors varied. Bowme spooies differences with regard
t0 their toleranse ocapacity to high temporatures have
been noticed. M. dobagni showed more tolersnce than the
othor two species where”as ). mongqercs showed the
loast tolerance. It hns also been found that tho ranges
of temperature tolerated by each species waried dopondini
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on the sisc of the individuals and the salinity of
the medium, the largor specimens tolerating more in
higher salinities. The smaller post larval prawns
wore more suscoptidle to death in higher sslinities.
The upper lethal tomporature slightly varied im
difleront specics as woll as for both post larvee and
Jjuveniles.

Both post lorvae and juveniles of P. indioua,
M. dobsonil end ¥. mgnQaorsa were used for laboratory
experimonts to study the eoffescts of salinity on
growth. The results of the study for about ome month
showed that the growth of both post larvae and juveniles
of all the three species was affected by variasions in
salinity to certain extent. The maximum growth of
post larveo of P. indigus oecurred in 25%.8 and that
of the juveniles in 30%:8. The maximum growth of post
larvaec of K. doheoni and M. a0noceres wes noticed in 20%.85
and that of the juveniles of botu the species in 25%..
P. ipdicus showod the highsst growth rate where as
M. dobsoni showed the minimus growth rete. Vhen the
sisc rangos wore taken into consideratioa post larval
prawne showod greater rate of growth than the juveniles
within a limited poriod of about one month im all the
difforent salinities.
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Studies on the effeet of vorying salinity
on the growth of the above mentioned three spooies
for a peripd of one year werse also eonducted in the
laboratory. In the case of P. indigua the highest
rete of growth was noted in 30%.8 (8.6 oms in the
£irst year) ond the lowest rate of growth was
observed in 20%.-8. Both for N. dobsgni eod M. menceercs
growth was maxisum in 25%.- 8 (). dobegpni 6.4 ems and J.
mpnogoeros 6.84 oms in the first year) and minisum in
35%-8.

The oxygon consumption in relation to salinity
and oxygen congentrations was investigated in the prawn
M. dobaoni. It was found that the regrossion eoceffigient
of oxygen sonsumption against body weight was not signi-
fiecantly veried in different -gunu; media. In those
prawns which wore tosted in the asclimetion salinity of
30%-8 at po, 160 an Hg the 'd' value was found to de
0.%5031. This valuec is not significantly different from
that of P. jndicus reported previously. An incresse in
the oxygen uptakc hod bdecn observed with a deorcase in
the salinity of thojnedium below that of the asclimation
salinity. The oxygen sonsumption in the higher salinity
of 40% wes also higher than that in the aeclimation salinity.
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The rate of oxygen uptake per hour under falling
oxygen tonsion in different salinity modia showed
variations. In all the salinities of 10%.,208., 0%
and 40% the animals were oxygen dependent from 160 mm Hg
downwards, sincoc there was a gradual deervase in the
rate of oxygen uptake in relstion to the deelining
oxygen tension. Under the same laboretory conditions,
in the same salinity medium significant differences
have becn noted in tho lethal levels of oxygen, for
the differont weight groups of animals. %The larger
animels showed higher lothal levels Shan the smsller
ones. The lothal levols were woight dependent and
hold aflinear relationship with the body weight. The
tolerance capacity to low oxygen oontent decreased

as the animal bosame larger.
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OBSERVATIONS ON THE FOOD AND FEEDING OF SOME PENAEID
PRAWNS OF COCHIN AREA

V. J. KUTTYAMMA
Department of Marine Sciences, Cochin
ABSTRACT

An investigation into the food and feeding habits of 5 species of penaeid prawns viz.
Metapenaeus dobsoni, Penaeus indicus, Metapenaeus monoceros, Metapenaeus affinis, and
Penaeus monodon found common along the Kerala coast has been carried out based on
samples collected from the inshore regions of Cochin during 1971- 72. 1t has been observed
that aft' the above species are omnivorous and detfitus feeders, dependmg much on the
‘benthos:. The food in general consists of varying amounts of organic matter mixed with
sand and mud. However, some amount of seasonal variation in the food and selective
fepding _been noticed in some specnes particularly depending on the ecologica! condi-

tions, pomonately larger quantity of debris was noticed in the young prawns, while
tidults ‘mostly depended on the common bottom animals including “small molluscs and
‘plant matter.

INTRODUCTION

PrawnNs form one of the most economically important constituents in the marine
fish landings in India. At present most of the catch comes from the inshore regions
within the 20 fathom line. For increasing the production, it would be necessary to
explore offshore resources and also to start intensive pond culture. Though prawn
culture is carried out in some parts of the country, it has not yet overcome the various
difficulties and reached a stage comparable to the one carried out in Japan. In this
~connection it would be advantageous to study the biology of the common forms with
special reference to the food and feeding habits. An investigation into the food and
feeding habits of the various species may help in gathering data for their successful
culture in ponds.

‘Some of the important works on the food and feeding habits of penaeid prawns
are'those of Williams (1955) on some North American shrimps, Eldred et al
(1961):0on Penaeus duorarum, Dall (1967) on some Australian penaeid- prawns, Hail
(1962) on the food of the Indo-west Pacific penaeids, and Tiews er al.(1968) on some
Philippine shrimps. In India, Gopalakrishnan (1952) has studied the gut contents
of “Penaeus indicus. Panikkar (1952), Panikkar and Menon (1956), Kunju (1967)
and George (1959) have recorded the food contents of penaeid prawns while study-
ing ‘the biology of different species. The present paper deals with the observations
made on the food and feeding habits of some economically important penaeid prawns
of ‘the Kerala coast.

I am grateful to Dr. C. V.Kurian, Professor of Marine Biology and Oceano-
graphy, University of Cochin for the help and encouragement given during the
course of this study and for kindly going through the manuscript and offering help-
ful ‘snggestions.

' MATERIAL AND METHODS

The material for the present study was cellected by random sampling twice a
week from the commercial catches from the inshore regions of Cochin during 1971-
*72, * The specimens were preserved in formalin immediately after the catch. The

1
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Penaeus indicus H. Milne-Edwards

This species is common in the estuaries and backwaters almost throughout
the year, although the size differs with the season. In the sea, it is generally caught
during the post monsoon months. Of the 330 specimens of length 29-132 mm
examined, 13 had no food materials in their stomachs.

The stomach contents showed a high percentage of debris (50.7%;). Animal
matter constituted 22.0% and plant 25.0%. Hall (1962) classified P. indicus and
P. monodon as species feeding mainly on large crustaceans. More vegetable matter
were noticed in the present study thus differing from the observation of Hall. This
may be due to the differences in the environmental conditions. Hall also observed
that in P. indicus the ‘small’ specimens fed mainly on plant tissue(Cladophora and
Angiosperm tissue), while the large specimens fed predominantly on large crusta-
ceans. But no size-oriented differences in the diet were noticed in the present obser-
vations,

8
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Fig. 1 a-e. Percentage composition of different food items in the common penacid prawns collected
from Cochin area during 1971-72. a. Metapenaeus dobsoni, b. P s indicus;

r

c. Metapenaeus monoceros; d. Metapenaeus affinis; and e. Penae:'a monodon.

Algal fragments were observed in the stomach in plenty during August and
Octpber.. Small quantities of diatoms such as Fragilaria, Rhizosolenia and Cosci-
nodiscus were noticed during all the months except in November. Vegetable

i3]




192 " V. J. KUTTYAMMA -

matter formed the dominant food item of this species, while crustaceans ranked
next in importance. Heavy feeding on crustacean was observed during June and
September. Juvenile gastropods -and bivalves formed the major part of the diet
during November and January. Some of the minor food items encountered were
small nematodes and foraminiferans. During June and January sand grains
were abundant. Polychates were dominant in December. Gopalakrishnan (1952)
observed that vegetable matter and crustaceans formed the bulk of the food con-
sumed by P. indicus. The present observation also shows the presence of large
quantities of algal matter (Fig. 1b).

Metapenaeus monoceres Fabricius

This species constitutes to a rich fishery along the east and west coasts of
India. Stomach contents of 210 specimens measuring 30-128 mm were examined;
20 specimens had empty stomachs.

The species showed a preference to vegetable matter, mainly seaweeds and
algae during the greater part of the year. Diatoms were abundant during April,
May and June. Comparatlvely lesser amount of debris was noticed in this species
than in others (Fig. 1c). The common crustaceans met with were copepods, ostra-
cods, amphipods and decapod larvae. During the post monsoon months large
number of setae, tentacles and fragments of polychaetes were present. Small
bivalves and gastropods, fish larvae, fish scales and muscles were also noticed. Sand
particles were more during June and September. Tiews (1968) in his studies on the
food and feeding. habits of M. monoceros from Manila Bay and San Miguel Bay
has observed that the main food was benthic foraminiferans, while the dominant
item of food observed in the present study was vegetable matter. The difference
in the diet may be due to the change in the habitat.

Met'apenaeus affinis  H. Milne-Edwards

’I-h:is is also one of the important commercial species occuring along the west
coast and-the southern region of the east coast. Of the 120 specimens ranging in
siz¢ 29-120 mm examined, 29 had empty stomachs.

The items of food found in the stomach in the order of abundance were vege-
table matter mainly consisting of algae; polychaete remains, crustaceans, fish remains
and molluscan remains. Amphipods. and calanoid copepods were observed fre-
queéntly durmg November and January. During April and July algal filaments were
abundant. The polychaetes formed an important food item as they were present
during almost all the months (Fig.1d). Diatoms were noticed more in November.
Fragilaria was the common diatom observed.

According to Subramanyam (1963) M. affinis is an omnivorous feeder and lar-
ger ones showed a preference to molluscan diet. Hall (1962) in his observation on
the specimens caught from the Straits of Malacca has shown that the species feeds
mainly on vegetable matter. ‘But in the present study it is seen that the larger prawns
showed a preference to polychaete diet whereas the younger ones preferred vegeta-
ble matter.

Penaeus monodon Fabricius

This is probably thelargest marine prawn ir India, but it does not form a
dominant fishery anywhere. - Out of the 56 specimens with a size range of 39 212
mm examined, 3 were with empty stomachs.

[4]
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Debris composed of mud and organic matter constituted the main portion
of the stomach content as in other forms while crustaceans ranked next in import-
ance (Fig.le). Rao (1967) examined the stomach contents of “P. monodon from
Chilka Lake and observed this species feeding mainly on molluscan remains. - Hall
(1962) classified P. indicus and P. monodon as species feeding mainly on large crus-
taceans. In the present study also, crustaceans were observed, the maximum being
during Aungust. Larval bivalves and shell fragments were abundant in October
and November. Polychaetes were largely observed in November. Fish - remains
and diatoms were present frequently in the stomach. Sand constituted a signi-
ficant portion of the stomach contents during August and November. Nematode
fragments and other miscellaneous items were more during July and April.

GENERAL OBSERVATIONS
Feeding habits

From the analysis of the stomach contents it is evident that all the above
five species may be considered as omnivorous and detritus feeders. Studies by
Gopalakrishpan (1952), Williams (1956) and Eldred et al. (1961) have shown
that animal remains, algal fragments, sand and detritus comprise recognizable
components. Williams (1955) noted in the N. American shrimps that untecogni-
zable debris formed a 'major component and suggested that “soft material” may form
the bulk of the diet. In general, penaeid prawns have been described as ‘“‘omni-
vorous scavangers” or ‘“‘detritus feeders”. A purely herbivorous or carnivorous
feeding habit is not seen in any of the species. The food in general consists of
varying amounts of organic matter mixed with sand and mud. In almost all the
prawns examined, a considerable portion of the stomach contents consisted of
unidentifiable finely ground up matter. It was not possible to decide whéther the
“debris” had been ingested as such or ground up in the stomach. The average
debris content was more in P. indicus and less in M. monbceros. . There was greater
amount of debris in young prawns and lesser amount in larger. specimens, a fact
noted in all the species.. M. monoceros was found to feed more on vegetable matter
than the other species.

Occurrence of benthic forms such as polychaetes, amphipods, bivalves,
gastropods, ‘foraminiferans, nematodes and also sand and mud indicates the pro-
nounced bottom feeding habit of the prawns. However, the specimens collected
from the areas connected to the paddy fields showed a large amount of plant matter
showing thaf thg species could adjust to various types of environmental conditions.

Seasonal variations in the food

Some amount of seasonal variations in the food have been observed in the
different species examined. In the case of P. indicus, algal content was more in
the stomach during the monsoon season, whereas the molluscan remains were more
during the post monsoon months. During the premonsoon and the monsoon
period, plant matter was more in M. dobsoni while the vegetable contents were low
during the post monsoon period. ,In M. affinis and M. monoceros there was
more vegetable content during the monsoon season. Crustaceans were common
in the stomachs of M. dobsoni during the monsoon months, but in M. affinis and
- P. indicus they were prominant during the postmonsoon season. In P. monodon
crustacean fragments were more during the premonsoon and monsoon periods.
The above observations show that some sort of selection for food exists as there
are variations in the stomach contents of the different species collected from the
same habitat.

(5]
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