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PREFACE

The mud erab Scylla serrata is the largest among
edible crabs of India. Constituting a traditional fishery of
sustenance level In the country, this crab has assumad consi-
derable importance in recent years on account of 1lts growing
popularity ag a gourmet's favourite. It 18 also a good
export commodity. Al present the erab is underexploited in
our waters and the catches could be ilnereassd many fold by
improved deviees and technlques of capture. In view of its
euryhaline nature and many other favourable factorsg 1t 1s also
conslderdéd as a candldate gpecies for coastal aguaculture.
Reallsing the potentialitles for 1ts culture, attempts are being
made in many countries of the Indo-Pacifle for commercial

culture and propagation of thils specles.

It is well known that the development of any fishery
largely depends on a sound knowledge of the biology of the
constituent species. The capture fisherles are often threatened
by depletilon of stocks due to overfishing and culture fisheries
by operational fallures for want of proper management prineiples.
Management of fisherles is a complex problem which could be
solved only if adequate dnformation 1s avallable on the
characteristies of stocks, structure of population, recrultment,
growth, reproductlion and behavioural responsss to fishing/
culture operations. A perusal of literature on the mud crab



would reveal that in India no serlous attempts have been made
so far to throw light on these aspects although geveral reports
aras on record pertelning to its flsheriles from different

c¢entres along the coasts.

Cochin is an important centre for the production of
mud erab. The vast stratches of backwater system and the
extensive inshore areas of the sea bordering thls cosmopolitan
¢ity is an important reserve for this erab whiéh supports a
lucrative fishery under the artisanal sector. Besldes being
sold in large quantities in the locel markets, considerable
amount of the mud crab ls also processed and exported from
here during the peak fishing season. The inercaging demand
for the mud erab calls for proper exploitation of the wild
stock and also culturing it on commerclal scale in order to
augment production. For achieving succass in such venturas
reliable data on the bilology and population characteristics

of the specles 1ls essential.

In the present study, an attempt is made to throw light
on some asgpects of the blology of the mud erab occurring in
Cochin waters during the southwest monsoon period (June-
September), which is the peak crab fishing season of the arca,
based on commercial landings. The coastal woatersg of this region
during the monsoon period 18 characterised by marked changes in
the hydrographie eonditiong due to the influence of rain and



upwelling (Ramemirtham and Rao, 1973). The most striking
change in the backwater is the steep decline in salinity as a
result of freshwater influx. Relatlvely cooler waters also
prevall at the bottom. Devasia and Balakrishnan (1985)
recorded the range of salinity, temperature and dissolved
oxygen content of the crab filshing grounds as 1.5-21.0 %o,
2%,1+27,3%C and 2.9+6.5 ml/L respectively during the monsoon
perlod. Though not so pronounced as in the backwater relatively
low salinity and temperature conditions prevaeil in the inshore
areas of the sea also during this period (Ramamirtham and Rao,
1973) .

The dissertztion embodles mainly two important aspects.
namely, size distribution and reproductive blology of the two
forms of mud erab that have been ldentified in the commercial
catches. The size range, modal sizes and mean slzes of the
population occupying the marine and estuarine environments have
been deslt with sexewise. Monthly pattern of slze frequency
distribution in the two different ecosystems hasg been
elucldated to understand the structural variations and behaviour
of crab population in time and spsce. Under the section on
reproductive blology, details of gex differentiation, sex
ratios end maturation of female erabs end distribution pattern

of spawning population are described.

Though the study i1s only for a short period of four
months the information that could be gathered may be taken to
generalise the condltions since the observations pertain to the

peak season of the fishery.
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INTRODUCTION

Crabs form an important constituent or the erustacsan
fishery resources and an excellent source of cheap protain-rich
food. They support significant fisherles in the sea as well
as brackishwvater areas along the entire coastlinas of Indla.
Available cateh statisties (Anon., 1986) show that an average
of about 25,000 tonnes of crabs are landed every year from the
inshore waters of our coast, and the magnitude of the fishory
from the brackishwater areas 1s comparable with that of the
inshore waters (Rao et al., 1973). Though the bulk of the
cateh 18 utilised for local consumption in coastal'areas, soma
quantity 1s also exported to forelgn countriss like Belgium,
U.S.A., Japan, Singapore et€. in the form of frozen crab moat.
A perusal of trends in the export of frozen crab meat from the
country for the part few years (Anon, 1987, 1988) would reveal
that the export has increased troemendously sinee 1982. The
guantity of the frozen crab meat exported to forelgn countries
inereased from 4.6 tonnes in 1982 to 87 tonnes during the year
1987-188, realising a corresponding increase in value from
Bs 0,2 million to Is 4 million. This avidently shows that apart
from its growing importance in supplementing the nutritional
requlirements of the people in the country the crab resource

offers vast scope for augmenting our export sarnings.
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Though the crab fauna of India 1s enormously rich
and varied (George and Rao, 1967) only about elght specles
belonging to the families Portunldae (6 spacies), Calappldae
(1 specias) and Grapsidae (1 species) are commerelally
important (Rao, et al., 1973). The fishery, however is mainly
supported by the portunld crabs. Among these the mud cerab
Seylla serrata (Forskal) is the largest and hence in greater
demand than the rest of the speecies. Other added advantages
of thils speeles from the commercial point of view are the high
quality of meat and its ability to remain allve out of water
for a long period (Thomas, 1971). Though it is a marine crab,
1t invariably invades.ths esturles and backwaters whera 1t
forms a lucrative fishery. It 1s capable of withstanding wide

range of salinities and temperature.

The mud crab wag first deseribed by Forskal in 1755
under the name Cancer serratus. Later, de Haan (1833)
established the genus Seylla and assigned this specles as
Seylla serrata (Forskal). Crabs of the genus Scylla exhibit
a lot of variations in colouration, size, splnation and
habitat. Several forms, varieties, and 8pecles have baen
deseribed under thls genus by various authors in the past
contributing to mueh confusion about their true identity.
Howevar, most carcinologists have bzen considéring all of
them to be synonymous with only one speciles i.2., Scylla
sorrata (Forskal) until Bstampador (1949) through his



comparative external morphological and gametogenetical
studies of varlious forms of the genus Scylla de Haan has
revised the genus, recognising thrase distinet speciles

namely, Scylla ogceanica (Dana), Seylla tranquebarica
(Fabricius), Seylla serrats (Forskal) and its variety

Seylla serrata Parsmamosain Hstampader. According to
Stephenson (1972), however, thess ssparate species are

"probably differently pilpgmented forms of S.sasrrata'.

From India, the genus Seylla de Haan has been
referred to by several workers like Henderson (1893)s Alcock
(1899)3 de Man, (1908)3 Kemp, (1915)3 Gravely, (1927); Poarse,
(1932)3 Hora, (1935); Chopra and Das, (1937); Panikkar and
Aiyar, (1937); Pillai, (1951); Naidu, (1993)3; Chacko et al.,
(1953)3 Chacko, (1955-'56 & 1956-'57), Chhapgar, (1957, 1962);
Balasubramanian, (1966)3 Rekha, (1968)3 Thomas, (1971);
Premkumar, (1971)s Joel and Raj, (1980)s Kathirvel, (1981)3
Radhakrishnan and Samuel (1982) and Devasia and Balakrishnan
(1985). All of them refer to only Seylla serrata.

Kathirval (1981) pointed out that there may
speclas or varlaty also existing under this specles
backwatars and in the adjacent Inshore sea indicating the
important distinguishing characters found in colour pattern.
glzes of the frontal teeth, spination on the carpus of

chelipeds, size of the animals and the sizes at first maturity.
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Later, Radhakrishnan and Samuel (1982) also came
across two forms of the speciles in Cochin backwators. By
comparing some of the importent morphologleal features such
as the structure of the carapacs, chelate leg and the first
abdominal pleopod of male and the colour pattsrn of the body
they (Radhakrishnan and Samuasl, 1982) astéblished the existence
of a sub-spscies which they namod as Seylla sorrata sarrata in
addition to the regular form Sgylla sorrate (Forskal).

Joal and Raj (1980) recorded two distinet species of
the genus, namely Sgylls serrata (Forskal) and Scylla
tranguebaries (Fabricius) in Pulicat lake along the east
coast of Indla. Since the different specles crsated under the
genus are still to be established for their validity as already
mentioned, the occurrence of two different specles in Pulicat

leke needs further confirmation.

Scylla serrata 1s an Indo-Pacifie specloes. It enjoys a
wide distribution in this reglion occurring in the cast eoast of
Africa, Red Sea, Madagascar, Mauritius, Seychells, Pakistan,
West and Iast ooast of Indla, Sri Lanka, Andaman and Nicobar
islands, Singapore, Malaysia, Indonesla, Philippines, Fiji, New
Caledonia, Australla, Newzsaland, Tahitl and Japan. It supports
traditional fisherles in most of these countrles. In Indlan
waters, 1t 1s found commonly in the inshore sea, backwaters,
estuaries, saltwateor lakes, mengrove svamps and lagoons through

out the west and east coasts.
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The mud cerab supports flourishing fisheries along with
other portunid crabs in the Gulf of Mannar and Palk Bay (Jonos.
19673 Rao, 1968), the estuaries of the rivsrs Gangss, Mahanadi,
Godavary, Krishna and Cauvery and the brackishwater lakes of
Chilka and Pullcat on the east coast and the aestuariocs of
Narmada and Tapti and the backwaters of Kerala on the wast
coast (Jones and Sujansingani, 19523 Chacko, et al., 19533
George and Rameshnayak, 19613 Jonss, 1967; Thomas, 19713 Datta,
19733 Rao gt al., 19733 Joel and Raj, 1980, 19873 Devasia and
Balakrishnan, 1985), In most of these places crab ls fished by
lines baited with pleces of dead flshes. The other types of
gear used lnelude gill nets, drag nets, stake nets and balted

traps.

According to Rao, ot al., (1973), the erab fishery of
Vembanad lake in Kerala 1s mainly contributed by S.serrata, with
an annual production ranging from 18 to 3% tonnes. Though the
crab occurs in this enviromment through out the year, the main
fishing season extends from May to September. Devasia and
Balakrishnan (1985) reported that commerecial fishing for the
mud erab commences in Cochin bagkwater with the onset of south
west monsoon and lasts till the end of north east monsoon, with
maximum landings during the peak monsoon period. During
September«0October period the fishory experiences decline. In a

lesser intensity a second season starts in November and lasts
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111l the middle of February. Durling the active fishing season
4000-5000 erabs are supplied to the processing industry.

rhe bilology of Soylls serrate has been the subject of
saveral investigations in recent years from different parts of
the Indo-Pacific. Aome of the notable contributions from abroad
are the studles of Atkinson (1971), Varkkul, et al., (1972),
Brick (1974), Hi1l (1974, 1975, 1976, 1978, 1979 a, 1979 b, 1980)
and Hill et al., (1982). Various aspects of reproduction and 1life
history of the speciles have been dealt with in the works of
Arriola (1940), Ong (1966), Haesman (1980), Haesman and Fielder
(1983); and Quinn and Kojis (1987). From India, much work has been
done on the endocrine control and physlology of gamstogenesis
(Bhattacharya, 19313 Ezhilarasi and Subramoniam, 1986; 19843
Ezhilarasi, 19823 Pannersclvam and Subramoniam, 1982; Nagabhushanam
and Farooqul, 1984; Sarojinl et al., 1985). The blochemical and
histochemical characteristics of seminal plasma and spermatophores
have been studled by Uma and Subramoniam (1979, 1982) and
Ezhilarasi (1982), vhile Sudha (1982) estimated carotenoids in
the ovary. Pillai and Nailr (1968, 1973) and Merey Thomas (1984)
touched upon the reproductiﬁe eycles and breeding biology,and
Naidu (1955) studled the early development. Though many workers
have thrown light on the fishery potential of this speciles from
different parts of the country, studies on population characte-
risties and bionomles are extremely limited. Amont the few
investigations made on these aspects are the works of Mohanty
(1975) from Chilka Lake, Joel and Raj (1980) and Srinlvasagam and
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Raman (1985) from Pulicat Lake and Kathirvel (1980, 1981),
Mercy Thomes (1984) and Devasia and Balakrishnan (1985) from
Cochin backwaters. Some blological information such as growth,
survival and mating behaviour of this crab is also documented
by Bensam (1986) and Marichamy et al., (1986) by rearing
studles.

In view of the increasing demand for cerab meat in the
world mafkets 1t has become necessary to dsvelop culture
techniques for this ilmportant specles for awgmenting production.
Experiments to rear larval stages to Juvenilaes have been
econdueted in Sri Lenka and Philippines (Arriola, 1940),
Malaysia (Ong, 1966 a, 1966 b),ond Indla (Naidu, 19553 Marichamy
and Rajapandian, 1979). Of late, attempts have baen made to
culture young crébs to marketable size on moderate seale in
Philippines (Eseritor, 1970; Pageatipunsn, 1970), Thailand
(Varikul et al., 1970), Sri Lanka (Raphasl, 1970), India
(Marichamy, 19793 Marichamy et al., 19863 Bensem, 1986) and
Singapore and Thaiwan f111 it. The above studies have shown
thet S.serrate could be cultured profitably in ponds and cages.

Cochin backwater 1s the most productive part of the
Vembanad Lake from the filshery point of view. BEvery year
conslderable quantity of the mud crab 18 explolted from the
backwater as well as from the adjoining lnshore waters, and
there is plenty of scope for further expansion of the fishery
through proper management and judicious exploitation of the



natural population. The easy availability of seeds in the
backwater (Kathirvel, 1980) and breedinp population locally
(Kathirvel, 19803 Mercy Thomas, 1984%) mekes 1t possible to
develop a culture fishery for this speciles in the area. For
all these developmental programmes adequate informstion on the
bilology and population characteristics of the animal is an
@ssential preerequisite. But from the foregoing review of
literature it is evident that the avellable information on
these aspects are very meagre This has proupted a detailed
gtudy of the size disteibutlion and reproductive bhilology of
the mud ereb at Cochin during the peak fishing season of the
gouthwest monsoon period and the results are presented in this

work.



MATERIAL AND METHODS

The material for the present study was obtained from
the commercial catches of Cochin backwater and the adjoining
inshore sea lying between Latitudes 9955'N ana 10°05'N.

After a preliminary survey of the important landing centres

and thelr nearest markets for the mud eraby three observation
centras, namely, Vypeen, Thevars and Champakkars were fixed

for regular sempling and monitoring of the cateh (Fig.1). For
convenience, these three centres have heen named as Ubservation
Centre I, II and III respectively for all praetical purposes.
The crabg landed at Vypeen were all caught from the sea and

the Cochin bar mouth, while those landed at Thevara were

caught from the open backwater and Champakkara from the interior
of the backwater.

Each cbservation centre was visited in the morning
once a fortnight and size measurement were taken sex-wise for
a random sample of 25 to 50 crabs of cach form (speeles and
its varlety) depending on thelr availabllity. TheAcarapace
width (C.W), measured between the tips of the ninth antero-
lateral spines to the nearest millimetre using a wvernier
caliper, was taken to represent the size of the erab. In all,
815 erabs were measured from the three observation centres
together. The female specimens contained in the random sample
ware brought to the laboratory for detailed study of repro-

ductive aspeets. Rach animal. aftsr noting down the ovigerous
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Fig. 1 Topography of the gtudy area and location

of observation centres.
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or non-ovigerous state, was dissected out in fresh condition
and the maturity stage of the ovary was recorded on the basls

of growth and colour of the gonad.

The data thus collected were analysed in detaill for
centre-wlse and month-wise size frequeney distribution, mean
size varlations, t-tests for sample means of the two forms of
the mud crab, sex ratios, size at maturity, maturity distri.
bution in space and time and other reproductive sgpeets, For
slze frequency distribution and other population studies the
measuremsnts of carapace width were grouped into 10 mm size
classes, The slze at first maturity was determined from the
percentage occurrence of gravid females in total females at

every 5 nmm elags intervals.



RESULTS

IDENTIFICATION OF THE MUD CRAB

A detalled study of the taxonomie characters of the
mud crabs occurring in the marine and brackishwater areas
of Cochin, prior to the commencement of routiné observations,
has revealed the exlstence of two distinet groups of ecrabs as
noticed by earlier workers (Kathlrves, 1ys1§ Hagnakrishnan
and Samuel, 1982). One group closely agreed with the original
description of Scylla gerrvats (Forskal) while the other group
showed notlceable variations in the structure of carapace and
chelate leg and in the colour pattern based.on which
Radhakrishnen and Samuel (1982) ereated the sub-specles

Seylle serrata serrata. The dlagmostic features of these two
forms of the mud e¢rab are ag follows.

SCYLLA SERRATA (PLATE I A)s

Carapace convex, frontal teeth slightly pointed and
anterliorly projected, anterolateral teeth not anteriorly
truncated, a deep 'H' shaped furrow in the cardiac reglon,
posterior border broad and less convexj chelate legs massive.
merus bearing thrse stout spines in the anterior border (inner
angle) and two on the posterior border (outer angle) of which
one terminal and the other one sub medlan in position, carpus

with a strong spine at the inner angle and two stout spines



at the outer angle, propodus with one stout spine at the front
of the apex of the wrist Joint and two small ones located silde
by side bohind the finger jointy colouration of carapace
predominently greenish on the dorsal side and creamy on the
ventral sides; swimming legs, upper portion of chelate legs
and abdominal flap of mature females with numerous mosalc-like

yellow or white patches.

SCYLLA SERRATA SERRATA (PEATE I B))

Carapace more convex, frontal teeth blunt and arranged
in a row, anterolateral teeth compactly arranged and anteriorly
truncated, a moderately deep 'H' shaped furrow in the cardiae
reglon, posterior bordef narrover and more convex; spilnatlion on
merus and propodus of chelate legs simllar to that of the
former one, carpus with a strong spine at the inner angle and
a single spine at the outer angle, lateral reglon of propodus
with a tubercles colouration of carapace shyny green with a
smooth surface dorsally and blulsh pink ventraly; mosaic-like
patches wvislble only on carapace, chelate legs orange coloured
with a brownish green tinge; abdominal flap of mature females
brownish black in colour with dark bands.

In the fleld, S.gerrats serrata could be =asily
distinguished from S.gerrata based on the characters such asg

Tthe presence of only a single spine (as against two) on the



Plate I 'The mud crabs. A, Scylla serrata; B. Seylla
Serrate serrate
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outer angle of the carpus of chelate leg and the brownish black
c¢olour of abdomen with dark crosg bands in mature females and
in the absence of mosailc~like patches on the distal part of

swimning legs.

SIZE DISTRIBUT ION

The commerclal fishery of the mud crab was constituted
by both the forms described above at all the three observation
centres in varying proportions. On the whole, S.serrate was

more numerous in the population than 8,serrata serrats in the

marine as well as backwater environments.

SCYLLA SERRATA (Fig, 2, 3 & L)

of 601 crabs ineluding 321 males and 280
females measured have indicated a size range of 41210 mm
carapace width, The fishery was predominantly constituted by
the size groups 91-150 mm for males and 91-130 mm for femoles.
The overall size frequency distribution was of unimodal pattern
with the modes at 101-110 mm in males and 111-120 mm in
females (Fig., 2). The mean size of males worked out to 119.2 mm
and that of females to 118.6 mm,

Spatial distribution: Significant variations waere noticed in
the size distribution of the erab in the sea and backwatasr. The

size range in the marine catch was 71-210 mm for malss and



Fip., 2 Size frequency distribution of Seylla serrata
(Pooled data)
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91«190 mm for femeles, with modes at 101-110 mm for both the
sexes. Over 70 % of the moles and 65 % of the females were
constituted by the sizes ranging 101-160 mm and 101-170 mm
respactively. The mean silzes worked out to 131.7 mm for males

and 134%.1 mm for females.

In the backwater, the size freguency distribution
showed more or less a simllar pattern at both the observation
centres (Fig. 3), with an overall size range of 51-190 mm for
males and #1-190 mu for females. The bulk of the fishery was
supported by the sizes ranging 71=130 mm for males and 61-130 mm
for females, with modes at 101-110 mm for males at both the
observation centres. The modal size of female was at 91«100 mm
at Thevara and 111-120 at Champakkara. The mean size of the
erab In the backwater worked out to 105.2 mm for males and

105.5 mm for females.

Month-wilse pattern: The speciles was represented in the fishery
throughout the period of observation in both the environments.
In the sea, the modal sizes observed at 91-100 mm in males and
101=110 mm in females in June progressed to 141-150 mm for both
gexes by August. In September fresh recrultment of younger
population into the flshery was noticed, with modal sizes at
101=110 um for males and 111-120 mm for females, In the backe

water, the crab landings showed modes at 91-100 mm for males



Fig., 3 8lze frequency distribution of Seylla
serrata at different observation centres
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Fig. 4+ Size frequency distribution Seylla serrate

month-wise.
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and 101=110 mm for females in June. While the modal size of
male progressed to 111-120 mm in July and remained to be so in
August, the prineipal mode of female stayed at 101-110 mm in
July and thereafter shifted to 81-90 mm. Majority of the males
observed in the catches durlng September belonged to the size
group 51-80 mm indleating fresh recrultment into the stock.

It can also be seen from Fig. 4 that the larger size groups
disappeared from the backwater catches successively from July
to September.

SCYLLA SERRATA SERRATA (Fig. 5 & 6):

A total of 214 crabs including 11% males and 10% females
measured have indleated a size range of 51-140 mm carapace width.,
Nearly 90 % of the males and 80 % of the females belonged to
the size groups 81-120 mm and 91-120 mm respectively. The overal
size frequency distribution of this species also was unimodal
in nature, with the modes at 101-110 rm for both sexes (Fig. ¥).
The mean size of males worked out to‘107.8 mm and that of

females to 104.0 mm.

Spatial distribubtions As in the case of S.gervata, clear cut
variations could be noticed in the size distribution of the sub-

Specles in the sea and backwater. In general, the erab popue
latlon of the sea was constituted by larger individuals as

compared to that of the backwator. The size vange in the former



Fige 5  Size frequency distribution of Scylla
serrvata serrata (Pooled data).
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environment was 81140 mm for males and 91-140 mm for females,
with modes at 101-110 mm Tor both sexes (Fig. 6). Over 75 %

of the males and females were formed by the size group 91-120
mm. The mean sizes worked out to 106.2 mm for males and 107.1

mm, for females.

In the backwater, almost all the size classes ranging
from 51 to 140 mm size were encountered of which the size group
81+110 mm in males and 71-120 mm Iin females constituted the
bulk of the flshery. The modal sizes were at 91-100 mm for
males and 71+80 mm and 101-110 mm for fomales. The msan size
worked out to 95,1 nm for male and 97,1 mm for female. Younger
crabs measuring less than 80 mm Iin carapace width were met with
in falrly good nugbers et both the observatlon eentres of the

backwater.

Month-wige patterns During the perilod of the present study the
sub-gpecles was encountered in the fishery from July to September.
In the sea, the modal size of male crab was at 111120 mm and
female at 121=130 mm in August. In the subszequent month,

however, fresh recrultment into the stock was notileed, with

modes at 91-100 mm for males and 101-110 um for females. In

the backwater, majority of the crabs were in the slze range
101110 mm for males and 81+110 mm for females during July and

Avpust at Champakkera. The modal slzes at Thevera during



Fig. 6 Silze frequency distribution of Scylls serrata
Serrata at different observation centres.
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August were at 91-100 mm for males and 81-90 mm for
females, In September, relatively larger crabs of both
sexes ranging 91-120 mm dominated in the fishery at
Champakkara, while preponderance of younger crabs in the
population, with mode at 81«90 mm for males and 71-80 mm

for females, was noticed at Thevara,

REPRODUCTIVE BIOLOGY

Information on reproductive biology throws
light on the generative potential, recruitment and
sustainability of exploited resources. These are of great
value in fishery predictions and formulating management
measures. Further, in the case of cultivable organisms,
a clear understanding of the reproductive aspects of the
candidate species is an essential pre-requisite for
developing hatchery technologies including brood stock
management, The following account deals with the results
of observations made on the reproductive biology of the
two forms of the mud crab with reference to theilr marine

and estuarine habltats,

SEX DIFFERENTIATION

The male and female crabs can be easily

distinguished by the size and shape of abdominal flap



and the number and structure of abdominal appendages.,

The female has a broader abdomen than in the male, There
are only two palrs of abdominal appendages in males

(on first and second somites), which are modified to
form rod=like copulatory organs. In females there is

one pair of appendages on each of the second. third,
fourth and fifth abdominal somites. These form the
pleopods or 'swimmerets'! to which the eggs are attached

during incubation,

In both forms of the mud crab, the abdomen of
mature female assumes a semicircular shape with well
developed pleopods to hold the eggs. In 3, serrata
the abdominal flap develops a green colour, with full of
yellow or white mosaic~like patches, while in S, serrata
serrata the colour of the abdomen at breeding stage is

brownish black with dark bands across the flap.

SEX RATIOS

The average condition of sex ratios in the

fishery indicates preponderance of males in both the
environments for S, serrata, the overall sex composition
being 51 : 49 in the sea and 56 : 44 in the backwater.
In the case of S, serrata serrata also males outnumbered
the females in the marine catch (55 : 45), vhereas in the
backwater fishery the females were slightly in excess of
males (47 s 53).

N
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The distribution of sex ratios with reference
to different size classes (Tables 1 & 2) indicates no
definite pattern eilther in the sea or in the backwater.
Analysis of sex ratios monthwise has shown that in S, serrata
(Table 3) females occur in greater proportion than males
in the sea dupring July and August, which may be due to
the gradual migration of spawning population from the
backwater (vide infra) dupring that period, In S. serrata
serrata, however, the two sexes were almost equally
represented ln the backwater population throughout July -
September (Table 4) although the males slightly dominated

in the marine cateh in August and September,

CLASSIFICATION OF MATURITY STAGES OF FEMALE

The maturation of crab involves a seriles of
changes in the morphology, histology and colouration of
the gonad, In the present study, based on colour change
and morphological features such as size, shape and the space
it occupies in the body cavity, the ovary has been
classified into five maturity stages viz. Immature, early
maturing, late maturing, mature or ripe and spent

recovering.
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Stage I - TImmature: Ovary colourless, thin and

flimsy., Restricted to only the cephalathoracic
region, Ovary is hidden in the hepatopancreatic

tissue,

Stage II - Farly maturing: Ovary light yellow.

Ovarian tubules distinct from hepatopancreas,

Stage 11T - Late maturing: Ovary orange colour, Opaque

in nature, Ovarian tubules are greatly

enlarged.,

Stage IV - Mature or ripe: Ovary deep ordnge and fills

up ‘the whole body cavity of carapace, Hepato=-

pancreas 1s concealed,

Stage V -~ Spent recovering: Ovary colourless and

flaecid, Distinctly larger than immature overy

and the arms extend to posterior part of carapace.

In the ripe condition the ovary of S, serrata

serrata is more brilliantly coloured than in S, serrata,

SIZE AT FIRST MATURITY

According to Edwards (1978) the maturlity in
female crab is identified by characters such as (a) the

presence of eggs on the abdomen, (b) the presence of sperm
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in the spermatheca and (3) the ripeness of the ovaries.
In the present investigation, crabs with ovaries in III
and IV stages of development have been considered to be

sexually mature ror normal reproductive functions.

In S, serrata the smallest crab observed in
sexually mature state measured 100 mm carapace width,
As could be seen from Fig, 7, the size at first sexual
maturity at 50% level is found to be 109,0 mm C.W, In

the case of S, serrata serrata the corresponding sizes

were much smaller, the observed minimum size being 83 mm
and the size at 50% level being 90,0 mm in carapace width
(Fig. 8).

DISTRIBUTION AND ABUNDANCE OF BREEDING POPULATION

The crabs in general reproduce in their usual
habitats., Often the brecding is protracted as in other
members of decapod crustaceans ocecuring in tropical
regions, After spawning the rertilised eggs are carried
by the mother crab as 'berry' underneath the abdominal
cover for a few days (ovigerous period) before they hatch
out as zoea larvae, In the case of the mud crab,
Kathirvel (1981) revorts that although berried females are
encountered in estuarine systems and culture ponds, the
newly hatched zoea larvae have never been recorded from

such environments, It is therefore presumed that the



Fige 7 Size at first sexual maturity at 50 % level
of Seylla serrota females.
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Fig. 8 Size at first sexual maturity at 50 % level
of Seylla serrata serrata female,
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larvae may undergo metamorphosis only in the marine
region where suitable salinity conditions exist. The
brackishwaters are not favourable for larval development

and hence egg-=hatching may not take place there.,

During the present study, crabs in all the five
stages of gonadal development were noticed in both the
environments (Table 5), In S, serrata, more than half
of the population was in immature and early maturing stages
in the backwater, whereas in the sea these stages formed
about 18,3%, The spawning population comprising of
crabs in III and IV stages of ovarian development
constituted about 36% in the backwater and as high as
54% in the sea (Fig. 9 A & B), Spent recovering stages
were comparatively less represented in the backwater

(10,3%) than in the sea (11.7%).

Fig. 9 C depicts the monthly trends in the
abundance of reproductive females for S, serrata, In the
backwater, the peak occurrence of spawners was recorded
in June and thereafter the percentage of mature crabs
sharply declined with some improvement in September, In
the sea. the spawning population was less numerous than!
in the backwater during June, But in July the percentage
of spavners shot up to a much higher level than in the

backwatér, and thereafter gradually declined,



Fig. 9

Distribution of spawning population of
Seylla serrata. A, Percentage of

spawning population in total females in the
backwatery B, Percentage of spawning popu-
lation in total females in the seag C,
Monthly abundance of spawners in the sea

and backwater,
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In S, serrata serrata mature females were
noticed in the backwater fishery only in September when
more than 60% of the animals had ovaries in ripe
condition, During the previous months (July and August),
though fairly large sized crabs occured in this environment
they were all in spent recovering stage. In the sea, vast
majority of the female crabs examined were in gravid

state throughout the monsoon period,

During the course of the present study no berried
female could be observed in the fishery, However, it
was understood from local fishermen engaged in crabbing
that berried females do occur sometimes in stray numbers
during the monsoon period in the sea as well as backwater,
In this context it may be mentioned here that during

October 1988, one berried female of S, serrata serrata

was met with in a local market. The colour of the berry
was light orange and the crab was caught from the bar mouth
by dip net, Devasia and Balakrishnan (1985) have noticed
that in Cochin backwater only very few berried females

are ovitained even at the peak breeding periods,



Table 23 Size-wise sex ratios (in percentage) of

Scylla serrata serrata.

Size
¢lasses
(ran)

51«60
61=70
7180
8190
91-100
101-110
111-120
121-i30

e v v e e s - s oy . e 1 ey e

Backwater Sea
Male Female Male Female
- 100.,0 v -
100,0 - - -
22,2 7748 _ =
43,7 5643 100,0 -
6867 31.3 56,7 43,3
38,8 61,2 41,8 58,2
50,0 50,0 62.5 57.5
100.0 2 50,0 50,0
- 100,0 75.0 25,0

131-140




TABLE 33

Monthly sex composition (in percentage) of
Scylla serrata in the commercial catches

during the monsoon period,

Backwatex Sea
Months A O A S ik A . G S S S S S S G G D GO D DU D S G430 D G i O e oo e
Male Female Male Female
June 63,3 36,7 62,9 i 4 §
July 8345 46,5 43,4 56,6
August 45,5 54,5 42,8 57,2
September 53,8 46,2 59.2 80,8

TABLE 43 Monthly sex composition (in percentage) of

Scylla serrata serrata in the commercial

catches during the monsoon period,

- o Ererl =

Backwater Sea
Months o o A0 0 0 00 9 e e o e e s e g e e i
Male Female Male Female
June - = - —
July 50,0 50,0 e -
August 48,5 51,5 53,6 46,4

September 48,2 51,8 5445 45,5

- B Eea 853 ESA ©3 Wil FH GO 00 6T BT €11 WS For s B D @y e e




TABLE 58 Percentage composition of the different
maturity stages of Scylla serrata females
in the backwater and sea during tne monsoon

period (Pooled data)

51 O £ ) ) O 659 S 15 G55 €0 553 639 £33 £ e 609 G G GBI

Environment Im, EM M M Spe

- e v D G 00 4 te

Backwater 41.5 12.7 27.2 8.3 1003
Sea 7.6 10,7 38,5 15,5 27,7

Go



TABLE 63 Comparative statistical analysis of the
sample means of Scylla serrata and

Scylla serrata serrata.

- ©T BT I End €T €0 B 650 B3 €0 e B Ed Tad L e e e e R R e A R = 3

Name of
aninal n mean 8 se t

g e - e oD

MALE
S.serrata 215 122,50 31,44
Se.serrata serrata 75 107,29 12,93 3,73 4,06

FEMALE

Se.serrata 260 123,85 29,37
Be.gserrata gerrata 95 102,56 16,96 3,19 6,66




DIBSCUSSION

The oceurrence of more than one form of mud erab
under the genus Seylla de Haan has been reported from many
reglons of the Indo-Pacific, but the validity of specific
status assigned to the different forms (Estampador, 1949
Serenay, 1952) is still being debated. Radhakrishnan and
Samuel (1982), while erecting the sub-species S.gserrata sorrata
demongtrated many morphological reatures to compare S.gerrate
and S.serrata serrata that co-exist in the Cochin backwater.
Statistical analysls of the data on size measurements separatel
for males and females of these two formg of mud e¢rab by t-test
(Table 6) showed that the measn sizes differed significantly
at 5 % level,

fhe present study shows that both the forms of mud
erab utilize the marine as well as estuarins enviromments to
complete thelr life, as 1s generally believed. There are
however differences between the younger population and adult
crabs in the extent to vhich the two types of habltats are
utllized. The former ls relatively more restricted to the
estuarine environments, vhereas the latter tend to move out
to the open sea. Howaever, in the case of S.gerrata ssrrata
though the younger population 15 met with only in the backwater,
the adult erabs are found admixed with the juveniles in



greater proportion than in S,ssrrata in this acosystems
Kathirvel (1980) observed the occurrence of early juveniles

of S.serrata (11-60 mm size) in Cochin backwater throughout

the year, with peak abundancs during May-October. Studying

the distribution of S.gerrata on the tidal flats in Australia,
Hi1L et al., (1982) came across considerable variations in the
preference of habltats by different size groups. They obsgerved
that juveniles (20 to 99 mm e,w.) were resident in the mengrove
Zone, remalning there during low tide. The majority of sub-
gdult orabs (100 to 149 mm) migrated into the intertidal zone
to feed at high tide and retreated to.sﬁbtidal waters at low
tide. Adults (above 150 mm) were caught mainly subtidally and
only small numbers were captured in the intertidal zone.
According to Reste gt al., as quoted by Devasia and Balakrishnen
(1985), the young crab vhich enters the estuary migrate to the

mangrove and from there back to the sea.

The size frequency distribution of the two forms of
mud crab ¢learly indicate that S.serpata grows to a much
larger slze than S.serrata serrata. The maximum carapace wldth
kacorded 1s 210 mm for the former and 140 mm for the latter.
Male éttains larger siZe.than female, with a difference of
about 10 mm c¢.w, in S.serrate as also noticed by Srinivasagem
and Raman (1985) in Pulicat Lake. The greatest silze attained
by this erab, as reported by Estampador (1949) is about 229 mm
¢«we Mohanty (1973) recorded a maximum size of 215 mm from
Chilke Lake, while Kathirvel (1981) came across 202 mm and
198 mm for male and female specimens respectively from Gochin
backwators and 210 mm for s mele specimen from Kovalam baclk-

waters (Madras).



(4

i
& o

Avallable information on the size distribution of mud
erabg in the commercial fishery of Indla pertains to only the
estuarine systems. The major size groups supporting the
exploited fishery do not differ significantly from one system
to the other., In Cochin backwater the present investipgation
shows that the dominant size groups are 61-130 mm for S.gerrata
and 71120 mm for S.serrvata serrata. Not separating the two
forms of the mud crab, Devasia and Balakrishnen (1985) recorded
the slze group 9-11 em constituting the bulk of this fishery.
In Chilka Lake (Mohanty, 1975) the modal sizes range from
77,5 mn to 150,7 mm for male and 81,3 mm to 132,3 mm for female,
vhereas in Puliecat Lake (Srinivasagam and Reman, 198Y) the mean
sizas range from 90,9 mm to 115.9 mm for male and 93.% mm to
112.,8 mu for female. In the marine region the present study
reveals that the crab population 1s almost exciusiVGly constis=
tuted by adult erabs vhieh are undoubtedly getting reeruited

from the backwater,

The preponderance of males in the crab population in
respect of S.serrata in both the environments and of S.gerrats
gerrate tn the sea is in conformity with the observation of
Mohanty (1975) in Chilka Leke. Kathirvel (1981) and Srini-
vesagam end Raman (1985) however noticed higher proportion of
females in the population of Cochin backwater and Pulicat lake
respectively, which is the condition noticed in 8.sorrvata
Berrvatag In the backwater during the present study.
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From the spatial distribution pattern of the mature
population of the mud crabs it is quite evident that though
mature and spent recovering females do oceur in the backwater
indicating possibility of their spawning in that environment
there 1is a strong tendency for seaward migration en masse
assoclated with spawning and other related activitlies. Breeding
migration towards the sea has been reported from Philippines
(Arriola, 1940), Malaysia (Ong, 1966), Hawaii (Bricl, 197M)
and South Africa (H11l, 1974). It is presumed that seaward
migration 1s to maximise survival of the larvae (Brick, 1974),
because for sueceessful metémOrphosis of larvae a minimum
salinlty of atleast 29 %o salinity for z0eal stages and 22 %o
for megalopel stage 1s required as restablished by Ong (1964 a)

through rearing experiments.

The mud crab 1s known to breed throughout the year with
definlte peaks in most of the Indo-Pacific regions studied
including India (Arriola, 19403 Pillai and Nalr, 19683 Devasia
and Balakrishnen, 19893 Quinn and Kojis, 1987). The peak
season for the reproductive activity is reported to be May to
September in Philippines (Arriola, 1940), July to December in
Thailand (Verikul et al., 1972), October to February in the
southwest coast of India (Pillai and Nair, 1973), May to
October in Hawail (Brick, 1974%) and November to March in South
Africa (Hill, 1975). In Cochin backwater, Devasia and Balae
krishnan (1985) noticed two peaks, one in July gnd the other



in January. During the present investigation, maximum
percentage of reproductive females among the crab population
was notieed in June in the backwater and July in the sea, vhilch
almost agrees wlth the pramary peak recorded by the previous
workers (Devasia and Balakrishnan, 1985).

As far the occurrence of ovigerous females in Cochin
backwater, Radhakrishnan and Samuel (4982) had come scross gravid
females of S.gserrats serrats near the bar mouth, wvhile no gravid
famales of S.serrate could be noticed in the backwater. Devasia
and Balakrishnan (1985) reported that even at the peak breeding
periods only very few berried females were obsgerved in this
ecosystem and attributed this rarity to the passive mature of
the crabs. During the period of the present study no ovigerous
female could be noticed in the backwater although one egg-~laden
female was found to have been caught In the dip, net at the
bar mouth in October, '88., It is obvious that the ovigerous
females abound in higher saline areas and the single specimen
encountered in Oetober represents & population of ovigerous
females that started appearing with the inerease in salinity
along the coastal watersg after the cessatlon of monsoon season.

However, more data 1is needed to estsblish this finding.



supporting the flsnery in the sea and backwater are
respectively 101-170 mm and 61-130 mm for S* serrata

and 91-120 mm and 71-120 mm for S. serrata serrata.

S, serrata, active recruitment of younger
population into the backwater fishery is observed in
August and September. A successive disappearance of
larger size classes noticed in the backv/ater catches
from July to September suggests migration of the same

to marine environment.

Distribution of sex ratios indicates preponderance of
males In both the environments for 3, serrata and iIn

the sea for s. serrata serrata.

The size at First sexual maturity at 30% level iIn
female crab 1s found to be 109.0 mm C.W, for S. serrata

and 90.0 mm C.W, for S. serrata serrata.

In a* gerrata. spawning population iIs observed to be

In greater proportion in the sea (5™%) than in the
backwater {3"%), Monthwise distribution of spawning
population iIndicates peak occurrence of the same In June
in the backwater and July iIn the sea, which would suggest
gradual shifting of reproductive females seaward when

monsoon 1S most active.
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In the case of S, serrata serrata, vast majority
of the females are In gravid state in the sea
throughout the monsoon period and more than 60%

in the backwater during September.

Wo ovigerous female could be noticed iIn the study
area between June and September in both forms

of the mud crab.
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