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PREFACE

In a developing country like India, the importance of fisheries needs no
emphasis. To meet the increasing demand for protein-rich food, to earn valuable
foreign exchange and to provide gainful employment to the coastal rural population,
the development of fisheries has been assigned the highest priority in the national

five year plans since the post independence period.

With a coastline of 7,517 km and forming a continental shelf of about
3,11,680 sq. km., the marine fishery resources of India are rich and diverse
bomprising a large assemblage of finfishes and shellfishes. The annual marine fish
production of the country is of the order of about 2.24 million tonnes. The export of
fish and fish products from the country has earned about Rs. 2,503.6 crores during

1993-94.

The marine shellfishes of India is chiefly constituted by crustaceans and
molluscs. Among crustaceans, penaeid prawns are most important in view of the
quantum of landings, value and increasing demand for export trade. These are

followed by crabs and lobsters.

Although there are over 600 species of crabs recorded from Indian waters,
only a few of them are being used for food purposes (Rao et al., 1973). The
commonly utilised crab species for food in this country belongs to three families,
viz., Calippidae, Portunidae and Grapsidae. Of them, Portunidae is important in that

it includes the commercially important species such as Scylla serrata, Portunus



sanguinolentus, P. pelagicus, Charybdis (Charybdis) feriatus, C. annulata, C.
natator (Bal and Rao, 1984).

There are no noteworthy organised fishery for crabs in any part of this
country. They are caught in small quantities in gears used for catching general fish
resources. Of late, however,trawl nets operated by mechanised boats and other

powered vessels catch considerable quantities of crabs.

The annual average yield of marine crabs in our country was around 4,000
tonnes in early sixties. With the advent of mechanised trawling in fifties for
prawns and ground fishes and the subsequent strengthening of the trawler fleet, the
exploitation of the demersal living resources has been intensified over the years.
Increased deployment of medium-sized trawlers (9.75 - 15.0 m) fitted with 37-102
HP engines for over- night fishing and extension of fishing ground upto 75 m depth
in the recent years, resulted in increased exploitation of crab resources.
Consequently, the present annual average yield of crabs in our country from the
marine sector is around 23,137 tonnes for the 11 year period from 1983 to 1993,
which is 500 % more than the catch realised 30 years before. During the last 5
years, the annual catch fluctuated between 16,191 (1989) and 28,489 tonnes (1991).

To augment crab production, the unexploited resources like the swarming
crabs can be exploited. According to the recent exploratory surveys conducted by
the FORV SAGAR SAMPADA, the swarming crab, Charybdis (Goneohellenus)
Smithii is found to be a potentially important deep sea resource occupying the outer

shelf and upper continental shelf regions and occurring along the west coast of India



(Balasubramanian and Suseelan, 1990).

Since crab meat is a delicacy in many parts of the world, it is exorted alive,
frozen and canned to several foreign countries. During 1993-94 alone, crabs worth
Rs.196.4 million (2,034 tonnes) were exported from India which formed 0.78 % in
terms of value and 0.83 % in quantity of the total export of marine products from
the country during this period. The countries importing crab meat from India are
Japan, USA, Belgium, Thailand, Portugal, Indonesia, Malaysia, Singapore and
United Kingdom.

Due to the ever-increasing demand for live crabs for human co;n/sumption,
there has been a recent upsurge of interest in the culture of crabs to augment the
resource in several countries. Among crabs there are many potential candidates for
culture. Reproductively most crabs offer little problem for artificial propagation.
Although crabs continue to be a major subject of research, the number of species
being cultured commercially for food is small. However, in Taiwan, Indonesia and
the Philippines, efforts have been made to culture Scylla serrata as a subsidiary crop
in milk fish ponds (Bardach et al., 1972; Escritor, 1970, 1972). Experimental
culture of S. serrata has been tried in Australia (Heasman and Fielder, 1983), India
(Naidu, 1955; Kathirvel, 1980; Marichamy, 1980; Marichamy et al., 1980 and
1986; Raman et al., 1980, Marichamy and Rajapackiam 1984; Srinivasagam et al.,
1984 and Bensam, 1986), Indonesia (Grino, 1977), Malayasia (Ong, 1964 and
1966), and the Philippines (Arriola, 1940; Escritor, 1972; Lavina and Buling, 1977;
Motoh et al., 1977).



Investigations on the marine crab resources of India are limited to only a few
works. Most of the works are confined to reporting on the species represented in
general account of the fishery. Anywhere studies on the biology and population
structure of the commercially exploited species have not been attempted. In the
context of increased importance of crab resources and the interest evinced in the
culture, there is an urgent need to study the biology and ascertain the present status
of the crab stocks for the rational exploitation of the resources and to augment
production through culture practices. Hence, the present study was taken up, and an
attempt has been made for the first time to assess the present status of the stocks of

the marine portunids based on the data collected from Karnataka.

It is hoped that the present study will enhance our knowledge on various
aspects of fishery, biology and population dynamics of the resource of portunids of
Karnataka which in turn will form the basis for evolving management strategies for

the judicious exploitation of these valuable resources on an all India basis.
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1.0 GENERAL INTRODUCTION

Crabs represent the peak of evolution within the Crustacea and, with 4500 species,
form the largest part of Decapoda, which in turn dominates the Sub-Class Malacostraca

containing 70 % of all crustaceans (Jones, 1984).

Crabs are members of Crustacea (from Latin crusta, a hard shell), a class of
invertebrate Phylum Arthropoda (from Greek arthron, joint + pous, foot), that includes
the animals with jointed legs and a hardened outer covering or exoskeleton. Most
-~ crustacea are aquatic animals. Crabs belong to the order Decapoda (from Greek deka,
ten + pous, foot) a name which refer§ to the fact that the members of this order have 5
pairs of legs. The true crabs are placed in the Suborder Brachyura (from Greek bachys,
short + oura, tail), an appropriate name for this group, as their shortened flap-like

abdomen or tail is folded under the body( Rees, 1963).

Crabs form one of the fascinating groups under Decapoda. The true crabs range
in size from not larger than a grain of wheat to any known crustaceans (Rees, 1963).
They have developed highly successful relationships between the environment and the
biological mechanisms involved in evolutionary processes (Warner, 1977). They are filter
feeders, sand cleaners, mud, plant and carrion feeders, predators, commensals, and
parasites ( Caine, 1974; Virnstein, 1977; Castro, 1978; Telford, 1978). Some are
temporary swimmers, but most are walking bottom dwellers. Some even climb trees and

construct burrows on land (Waterman and Chace, 1960).

The Brachyura show extreme versatility in distribution. They are found from the
- shore to deep sea, in marine, brackish and fresh water environments, in all climates
(tropical, subtropical and temperate regions) and in terrestrial and semiterrestrial

conditions. The Podotremata (Guinot, 1977) are exclusively marine, most other taxa
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include brackish water species as well as marine forms, which invade estuarine habitats.
The family Pseudothelphusidae contains most of the typically fresh water species that
complete their life cycles in that habitat (Chace and Hobbs, 1969), but there are also
fresh water representatives in Potamidae (Rathbun, 1901) and Hymenosomatidae
(Griffen, 1970). There are various degrees of terrestrialism in crabs. Today, the marine

littoral zone is conspicuously rich in crabs (Haefner, 1985).

The world crab fisheries accounted for 15,84,647 tonnes during 1992. Most
productive geographical regions in terms of crab fisheries are North Pacific, Western
Central Atlantic, Western Central Pacific, Southwest Atlantic, Southeast Pacific, and
Northwest Atlantic.  Western Indian Ocean contributes to 6,000 tonnes, while the

Eastern Indian Ocean, 10,000 tonnes.

1.1.0. REVIEW OF LITERATURE

1.1.1. A world review

There have been extensive researches on the taxonomy, distribution, biology and
exploitation of brachyurans from various parts of the world. Since the literature
available on brachyurans is enormous, the present review is limited to the works on

marine and brackish water forms only.

1.1.1.1. Taxonomy and distribution

Earlier works mainly relate to faunistic investigations. Recently, Browman and
Abele (1982) reviewed the classification of Crustacea. In an earlier account Guinot
(1977) has classified Decapoda. Rice (1980) provides an excellent review of the

classification of Brachyura. Some of the other important works on the taxonomy were
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those of Sakai (1934, 1936, 1976), Shen (1932, 1937) and Stephenson and Campbell
(1959).

Some of the recent works on the distribution of brachyurans were those of
Campbell and Stephenson (1970), Manning and Holthuis (1981), Sakai (1974),
Stephenson (1961, 1972, 1972a), Stephenson and Campbell (1960), Stephenson and Rees
(1967).

1.1.1.2 Biology and exploitation

One of the earlier studies on the life history of Scylla serrata was made by Arriola
(1940). The various aspects of breeding and growth in Cyclograpsus punctatus was
investigated by Broekhuysen (1941). The relative growth of the European edible crab,
Cancer pagurus was made by MacKay (1942).  In another study, the same author
(MacKay, 1942a) gave a comprehensive account of the distribution, life history, growth
and migration of the Pacific edible crab, Cancer magister, from the west coast of North
America.  Spalding (1942) reported on the nature and formation of sperm plug in
Carcinus maenas.  Histological study of the development of ovary and testis of the blue
crab Callinectes sapidus was made by Cronin (1942, 1947). The general biology of the
lined shore crab Pachygrapsus crassipus was investigated by Hiatt (1948). Differential
growth and moulting characteristics of Callinectes sapidus was studied by Newcombe et
al. (1949). Comparative studies of oogenesis and spermatogenesis in Scylla serrata was
made by Estampador (1949). Catch composition of the sand crab (P.pelagicus) fishery
at Moreton Bay was given by Thompson (1951). A brief account on the migration of
 the adult female of blue crab, Callinectes sapidus in Chesapeake Bay and adjacent waters
was given by Cargo (1958). Van Engel (1958) reported on the reproduction, early
development, growth and migration of Callinectes sapidus in Chesapeake Bay. Various

- aspects of crustacean physiology relating to moulting has been extensively reviewed by
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- Passano (1960). Various aspects of crustacean reproduction have been extensively
reviewed (Charniaux -Cotton, 1960). Knudsen (1960) investigated on the reproduction,
life history and larval ecology of the California Xanthidae, the pebble crab. Breeding
procedure along with the onset of maturity in Cancer magister in the British Columbia
was reported by Butler (1960). The same author (Butler, 1961) investigated on the
growth and age determination in Cancer magister from the same area. Van Engel
(1962) described various types of gears employed in blue crab fishery in the Chesapeake
Bay. Hartnoll (1963) gave a comprehensive account of the taxonomy, distribution, food
and feeding, growth and breeding of manx spider crabs from British waters. A brief
account on the sex ratio and distribution of spawning King crabs, Paralithodes
camischatica in Alaska was given by Gray and Powell (1966). Morphometric analysis
of certain western American swimming crabs of the genus Porfunus was made by
Stephenson (1965). Crothers (1967) reported on some aspects of biology of Carcinus
maenas.  Ryan (1967, 1967a, b) investigated on the structure, function of the
reproductive system of males and females, and sexually mature instars of the crab
Ponunits sanguinolentus from Hawaiian waters. Ropes (1968) studied the feeding habits
of Carcinus maenas. Food and feeding relationships of the crab, Paralithodes
camischatica was studied by Cunningham (1969). Hartnoll (1969) reviewed the different
forms of mating in Brachyura.  The courtship, copulation, and ovulation in Corystes
cassivelaunus was reported by Hartnoll (1968). Some aspects of biology of Callinectes
sapidus was studied by Tagatz (1968). Haley (1969) traced the relative growth and sexual
maturity of the Texas ghost crab, Ocypode quadrata of the Texas coast. Meagher (1970)
reported on the larval ecology of Portunus pelagicus in Australia. Watson (1970) reported
_ on maturity, mating and egg laying in Chinoecetes opilio. Du Plessis (1971) gave an
account on feeding, growth, reproduction and larval rearing of Scylla serrata held in

captivity. Some aspects of biology of Lupa pelagicus was reported by Al-Kholy and
~ El-Hawary (1970). Lucas and Hodgekin (1970) studied some aspects of growth and
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-reproduction of Halicarcinus australis from western Australia.  Structure of the
reproductive organs and the seasonal changes associated with gonad maturity in

Pachygrapsus crassipes have been described by Chiba and Honma (1971, 1972). Fielder

and Eales (1972) made observations on courtship, mating and sexual maturity in Portunus

pelagicus. Hoopes and Karinen (1972) investigated on the longivity and growth of tagged
king crabs in the Bering Sea. Brown and Powell (1972) determined the size at maturity
in male Alaskan crab, Chinoecetes bairdi based on chela allometry, reproductive tract
weights and size of pre-copulatory males. Hartnoll (1972) investigated on the burrowing
habits, food and feeding, relative growth and reproduction of the burrowing crab, Corystes

cassivelaunus from British waters. Haley (1973) used morphometric data to determine

the sexual maturity in Ocypode quadrata. Turoboyski (1973) reported on the biology and

ecology of the crab, Rhithropanopeus harrisii ssp. tridentatus from Poland. Hartnoll (1974)

reported on the variation in growth pattern between some secondary sexual characters

in some brachyuran crabs. Bennet (1974) traced the growth of Cancer pagurus off

southwest England. Caine (1974) investigted the feeding and morphological adaptations

_ for a burrowing existence in Ovalipes quadulpensis. Haefner and Van Engel (1975)
ﬂealt with moulting, growth and survival of male rock crab, Cancer irroratus in
- Chesapeake Bay. Hill (1975) reported on the abundance, breeding and growth of Scylla
serrata in South African estuaries. In another study, the same author (Hill, 1976)
investigated on natural food, foregut clearance rate of Scylla serrata.  Kurata and
Midorikawa (1975) traced the larval development of Portunus pelagicus and P.

sanguinolentus. Fielding and Haley (1976) reported on sex ratio, size at maturity and

production in Raina vanina. Haefner (1976) studied the distribution, reproduction and

toulting of Cancer irroratus in the Mid-Atlantic Bight (USA). Lewis (1977) investigated

on relative growth and sexual maturity of Bathynectes superbus of American coast.
Heasman and Fielder (1977) discussed the problems in the management and exploitation

- of mud crab fishery in Queensland. Gotshall (1977) examined the stomach contents of
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Cancer magister. Gross morphology and histology of ovarian development and seasonality
of reproduction, distribution, relative abundance of Chaceon quinquedens  was
investigated by Haefner (1977, 1978). Laboratory breeding and production of first crab
stages in Scylla serrata and Portunus pelagicus was made by Motoh (1977, 1978). Kwei
(1978) observed the size composition, growth and sexual maturity of Callinectes latimanus.
Edwards (1979) dealt with the edible crab, Cancer magister and its fishery in British
waters. Hill (1979) gave a brief account on the population structure, gut contents and
hypersalinity tolerance of Scylla serrata in a South African estuary.  Elner (1980)
examined the influence of temperature, sex and chela size in the foraging strategy of
Carcinus maenas. Aspects of general biology and fishery of Scylla serrata in Moreton Bay
was given by Heasman (1980). The mating system of Uca pugilator was investigated by
Christy (1980). The reproductive system of Callinectes sapidus has been described by
Johnson (1980). Food of Paralithodes camischatica and Cancer magister was studied by
Feder and Paul (1981) from Alaskan waters. Natural diet, feeding and predatory activity
of the crabs Callinectes arcautus and C. toxotes was studied by Paul (1981) from the
Pacific coast of Mexico. Observations were made on the maturation and spawning
behaviour of Seserma haematoecheirs in the sea of Japan by Honma and Chiba (1981).
- Williams (1981) commented on the methods of analysis of natural diet in portunid crabs
of Australia. In another study, the same author (Williams, 1982) investigated on the
natural food and feeding of Portunus pelagicus in Moreton Bay, Queensland. Smith
(1982) reviewed the status, potential and biology of Portunus pelagicus in south Australia.
Teissier (1982) reviewed the relative growth in crustaceans. The mating behaviour of
;Chinoecetes bairdi has been described by Adams (1982). Various aspects of crustacean
mh have been extensively reviewed (Hartnoll, 1982). Feeding habits of Callinectus
gpldus was investigated by Laughlin (1982). Jewett and Feder (1982, 1983) investigated
m the food and feeding of Paralithodes camtschatica and Chinoecetes bairdi of the

Alaskan coast. The life cycle of Carcinus maenas was traced by Berril (1982). Stevens
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etal. (1982) reported on the feeding habits of Cancer magister as determined by the index
of relative importance. An attempt has been made to study the seasonal abundance, size
composition and growth of Cancer irroratus from Californian coast by Carroll (1982).
McLay (1982) briefly dealt with the popualation biology of the sponge crab,
Cnyptodromia hilgendorfi in the Moreton Bay. Hill e al.(1982) observed the distribution
of juvenile, subadults and adults of Scylla serrata in the tidal flats in Australia. Potter et
al. (1983) mentioned on the spawning period, pattern of growth and age structure of the
population of Portunus pelagicus in Peel-Harwey estuarine system (Australia). Food of
the tanner crab, Chinoecetes bairdi was studied by Jewett and Feder (1983) from Alaska.
Stephen and Feder (1983) examined the food of Chinocoetes bairdi from the Alaskan
waters. Population dynamics, spatial distribution and somatic growth in Uca pugilator
was reported by Colby and Fonseca (1984). Yoodee and Okawara (1984) reported on
gill net and trap for catching Portunus pelagicus in Japan. A comparative study of adult
sexual behaviour and larval ecology of three portunid crabs of Moreton Bay, Queensland
was made by Campbell (1984). Goy ez al. (1985) reported on the induced breeding of
the mud crab, Rhithropanopeus harrisii during non-breeding season in north California.
Haefner (1985) dealt with morphology, reproduction, diet and epizoites of Ovalipes
stephensoni.  In another study the same author (Haefner, 1985a) reviewed various
aspects of the biology and exploitation of crabs. Dittel es al. (1985) dealt with the
population biology of the portunid crab Callinectes arcautus in the Gulf of Nicoya
(Central America). Heasman et al. (1985) remarked on the mating and spawning in the
mud crab, Scylla serrata in Queensland. Campbell and Fielder (1986) reported on the size
at maturity and occurrence of ovigerous females in three commercially exploited portunid
crabs of S.E. Queensland. Natural diet and feeding habits of the crabs, Liocarcinus
puber and L. holsatus was studied by Choy ( 1986) from South Wales. In another study,
the same author (Choy, 1988) investigated on the reproductive biology of Liocarcinus

puber and L. holsatus. Seiple and Salmon (1987) reported on the reproduction, growth
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and life history contrasts between two species of graspid crabs, Seserma cinerium and S,
- reticulatum from north California.  El-Sherief (1987, 1988, 1991) reported on the
i histochemical study of spermatophores, and fine structure of sperm and spermatophores
of Portunus pelagicus. Natural diet of the crab Ovalipes catharus was studied by Wear and
Haddon (1987) from New Zealand. Factors affecting the distribution and abundance of
the Blue crab in the Chesapeake Bay was investigated by Van Engel (1987). Growth and
development of the external sexual characters of Portunus pelagicus have been sfudied by
Yatsuzuka and Meruane (1987) in the Japanese waters. Beninger et al. (1988) reported
on functional anatomy of the male reproductive system and female spermatheca in the
snow crab Chinoecetes opilio from Nova Scotia. The ultrastructure of the sperm and
spermatophores of the golden crab,” Chacean fenneri and a closely related species C.
quinquedens from the Gulf of Mexico was reported by Hinch (1988). Hines (1988) dealt
with fecundity and reproductive output in Chaceon fenneri and C. quinquedens. Ropes
(1988) studied the food habits of five species of crabs from Rhode Island. Reproductive
cycle of Portunus pelagicus based on anatomical changes of spermatheca was studied by
Bawab and El-Sherief (1988). Erdman and Blake (1988) studied the reproductive
ecology of Chaceon fenneri from Florida coast. Some aspects of biology and fishery of
Portunus pelagicus was reported by Ingles (1988) from the Philippines. In another study,
the same author (Ingles, 1989) investigated on reproduction and larval ecology of P.
pelagicus.  The structure and function of the reproductive system of the spider crab
Inachus phalangium was investigated by  Diesel (1989) from the Mediterranean coast.
Abello (1989) reported on some aspects of reproduction and moulting in Liocarcinus
depurator. The behaviour of sand crab, Portunus pelagicus at trap entrances was studied
by Smith and Sumpton (1989) from Queensland. Bailey and Elner (1989) discussed the
problems in the management of the Northwest Atlantic snow crab fishery. Bawab and
El-Sherief (1989) reported on the origin, nature and formation of the sperm plug in

spermatheca of the female of Portunus pelagicus from the Alexandria. Management
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problems of Dungeness crab (Cancer magister) fisheries of the Pacific coast of North
America was discussed by Methot (1989). Edwards (1989) described the present status
of the British crab fishery and measures currently used to manage the stocks. The
commercial pot and trawl fisheries for Portunus pelagicus in the Moreton Bay has been
reported by Sumpton et al. (1989). The same authors (Sumpton et al., 1989a) gave a
brief account on the biology of Portunus sanguinolentus from the Queensland waters.
Sumpton and Smith (1990) investigated on the effect of temperature on the emergence,
activity and feeding in Portunus pelagicus. Brief accounts on the relative growth, and
- biology of the crab, Charybdis natator in the Moreton Bay (Queensland) were given by
- Sumpton (1990, 1990a). Shields ez al. (1990) investigated on fecundity and reproductive
potential of Cancer anthonyi of Californian coast. Morphology and size at maturity of

Callinectes ornatus in Bermuda was observed by Haefner (1990). Creswell and Marsden

(1990) investigated on the morphology of the feeding apparatus of Cancer novaezelandiae
- inrelation to diet and predatory behaviour from New Zealand. Archambault et al. (1990)
traced the life history and abundance of Callinectes sapidus. Van Engel (1990) described
the development of the reproductively functional form in the male blue crab, Callinectes
sapzdus of the Virginia coast. Ehrhardt (1990) studied the mortality and catchability

- estimates for Menippe mercenaria of the North American coast by tagging experiments.

oulting in the mature female crab, Callinectes sapidus was investigated by Havens and
cconaugha (1990). The diet of four Callinectes spp. were examined by Stoner and
uchanan (1990). Jones ez al. (1990) presented the first estimates of spawning stock size
f blue crab, Callinectes sapidus in Chesapeake Bay using trawl surveys. Fecundity of
allinectes sapidus was studied by Prager et al. (1990). Lipcius and Van Engel (1990)
estigated on the variation in abundance and stock recruitment functions in Callinectes
pidus in Chesapeake Bay. Edgar (1990) reported on the distribution and diet of
us pelagicus in Western Australia. Smith and Jamieson (1991) atempted to study

movement, spatial distribution and mortality on Cancer magister of American coast.
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Movement, fishing sector impact and factors affecting the recapture rate of tagged sand
crabs, Portunus pelagicus in the Moreton Bay has been investigated by Potter er al.(1991).
Attrill and Hartnoll (1991) reported on some aspects of the biology of the deep sea crab,
 Chaceon trispinosus from the Porcupine Seabight (UK). Henmi ez al. (1993) observed
- the mating behaviour of the sand bubbler crab, Scopimera globosa from J apan. Hoggarth
(1993) reported on the life history of the lithodid crab, Paralomis granulosa in the
Falkland Islands (South America). Stehlik (1993) analysed the stomach contents of
Cancer irriratus, C. borealis and Ovalipes ocellatus in the New York Bight. Lovrich and
Vinuesa (1993) investigated on the reproductive biology of Paralomis granulosa from
Argentina. Hartnoll ez al. (1993) observed the spatial and temporal variations in the size
distribution in spider crab populatiohs around Isle of Man (UK). Depth-stratified
population structure of geryonid crabs in the Eastern Gulf of Mexico was reported by
Lindberg and Lockhart (1993). Sainte-Marie (1993) investigated on the reproductive cycle
and fecundity of Chinoecetes opilio in the Gulf of Laurence. The offshore spawning of
Scylla serrata was reported by Hill (1994). Relative growth and morphometric maturity
of males and females of Necora puber were analysed by Gurriaran and Freire (1994)
from Spain. Emmerson (1994) reported on the seasonal breeding cycles and sex ratios
of eight species of crabs from Southern Africa. Kennelly and Watkins (1994) observed
fecundity, and reproductive period, and their relationship to catch rates of Ranina ranina
off the east coast of Australia. Feeding habits and food niche segregation of Callinectes

sapidus, C. rathbunae, C. similis in a lagoon of Mexico was studied by Rosas et al. (1994).

Sumpton et al. (1994) studied growth and reproduction in P.pelagicus from Australia.
1.1.2  Review of literature in India

Study relating to systematics, distribution, biology and exploitaion of marine
portunids along the coast of India are very few. A brief review of literature which are

relevant to the present study, is presented below.
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1121 Taxonomy and distribution

The pioneering work of Alcock (1895, ’96, "98, ’99, 99a, 1900, 1901) was the first
k;:omprehensive and detailed study on the carcinological fauna of India. Other important
;faunisfic works were those of Pillai (1951), Chhapgar (1957, 1957 a) and Sankarankutty
(1961, 1962, 1962a, 1965).

Datta (1973) reported on the edible crabs of West Bengal. Chandy (1973)
-treported  on some brachyuran crabs of Gulf of Kutch. Anzari and Harkantra (1976)
“has given a brief account on the crab resources of Goa. Srinivasagam (1975) reported

‘on the edible crabs of Porto Novo.

1.2.2.2. Biology and fisheries

a) Fisheries

The first work on crab fisheries of India was that of Rai (1933) who gave a brief
accouﬁt on the shell fisheries of Bombay. Hora (1935) dealt with the bionomics of
estuarine crabs along with fishing methods at lower Bengal. Chopra (1936, 1939)
described important crabs, their food habits and fishing methods. Prasad and Tampi
(1951) gave a brief account on the fishing methods for Neptunus (Portunus) pelagicus in
the Palk Bay and Gulf of Mannar. Jones and Sujasinghani (1952) outlined the crab
fishery of Chilka lake. The crab fishery of Ennur (near Madras) was studied by Chacko
and Palani (1952). The crab fishery of Malabar coast was reported by Menon (1952),
while George and Nayak (1961) studied the crab fishery of Mangalore coast. George
and Rao (1967) compiled a detailed annotated bibliography of the fishery and biology of
the edible crabs of India. Rao and Kathirvel (1971) reported on the seasonal occurrence
of Portunus pelagicus in the Cochin backwaters. Thomas (1972) gave an account of the
,g,rab fishery of the Pulicat Lake. While describing the crab fishery of the Indian coast,

Raoeral. (1973) mentioned the bionomics and marketing of commercial species of crabs.
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‘ rivedi and Patel (1975) reported on the crab fishery of Gujarat. Dhawan et al. (1976)
rted on the potential fishery of the crab, Portunus pelagicus in the Zuari estuary in
Goa. The fishery of the Palk Bay and Gulf of Mannar was described by Hamsa (1978).
Radhakrishnan and Samuel (1980) reviewed the prospects of fishery, utilisation and
,Gulture of crabs in India. Shanmugham and Bensam (1980) dealt with the fishery of Scylla
i}serrata at Tuticorin. Bal and Rao (1984) gave a general account on the crab resources

of India. Srinivasagam and Raman (1985) reported on the crab fishery of Pulicat lake.

;Lalithadevi (1985) gave an account of the crab fishery of the Kakinada coast, while

~of Uttar Kannada district, Karnataka.

b) Carapace width-weight relationship

Dhawan ez al. (1976) reported on the carapace width- weight relationship of
?ortunus pelagicus from Goa. Thomas (1984) investigated on the carapace width-weight
%relationship of P. pelagicus and Portunus sanguinolentus from the Cochin area. Lalithadevi
(1985) dealt with the carapace length-weight relationship of P. pelagicus and P.
§Sanguinolentm from Kakinada. Sukumaran er al. (1986) reported on the carapace
Esvidth-ﬁveight relationship of Portunus sanguinolentus from Mangalore. Prasad et
j;j‘al.(1989c) studied the carapace width-weight relationship of P. pelagicus and P.

‘sanguinolentus from Karwar.

¢) Food and feeding

Little has been published on the feeding biology of marine portunids,ie., P.
sanguinolentus and P. pelagicus, although there are several accounts on the feeding biology

of other brachyurans. Gueyrge and Nayak (1961) mentioned the major food items found
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~in the gut of Portunus sanguinolentus at Mangalore. Patel ez al. (1983) reported the
stomach contents of P. pelagicus from Gujarat coast. Prasad and Nelakantan (1988a)
| investigated on the food and feeding of Scylla serrata from Karwar. In another study, the
same authors (Prasad and Neelakantan, 1988) reported on the feeding ecology of Scyila

serrata.

d) Reproduction

Rai (1933) commented on the breeding season of some crabs of Bombay
Presidency. Panikkar and Aiyer (1939) studied the breeding habits of some brackish
~water crabs of Madras. George (1949) studied on some aspects of biology of Portunus
sanguinolentus from the Madras coast.\\ Menon (1952) mentioned on the breeding season
of Neptunus (Portunus) sanguinolentus while investigating the fishery and bionomics of the
species from Malabar coast. The breeding season of Neptunus (Portunus) pelagicus was
reported by Prasad and Tampi (1953) from Mandapam. Naidu (1955) described the
‘early development of Scylla serrata and Neptunus sanguinolentus. Chhapgar (1956)
‘observed the breeding period of some portunids from the Bombay area. George (1961,
1961a, 1961b, 1963) investigated on the anatomy of the internal musculature, nervous
system, sense organs, respiratory, excretory, blood vascular and reproductive systems and
;’embryological studies of Neptunus (portunus) sanguinolentus from Madras.  The
;ieproductive and nutritional cycles of P. pelagicus were studied by Rahman (1967) and
ékrishnaswamy (1967) from the southwest coast of India. The correlation between the

ii:breeding periodicities of Charybdis variata with reproductive and nutritional cycles was

‘ fmvesti_gated by Chandran (1968). Rekha (1968) studied some aspects of biology of Scylla
serrata from Bombay. The endocrine control reproduction in decapod crustacea has been
iewed by Adiyodi and Adiyodi (1970). Pillay and Nair (1971, 1973b) dealt with the
productive cycles in some crabs from the southwest coast of India. While studying on

¢ ecology of P. pelagicus, in the Zuari estuary in Goa, Dhawan ez al. (1976) mentioned
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the breeding season of this crab. Radhakrihsnan (1979) dealt with the breeding biology
.;of P. sanguinolentus and P. pelagicus from Porto Novo. Kannaiah (1980) studied the
ifecundity in some crabs from Porto Novo. Kathirvel (1980) reported on the abundance
-of portunid crab seeds in Cochin backwaters. Farooqui (1980) reported on the
reproductive physiology of Scylla serrata. Nagabhooshanam and Farooqui (1981)
investigated on the photoperiodic stimulation of ovary and testis maturation in . serrata.
‘The bieeding biology of Portunus pelagicus and Thalamita crenata was studied by
Sethuramalingam et al. (1982) from Porto Novo coast. Ezhilarasi and Subramoniam
;(1982) investigated on the spermathecal activity and ovarian development in Scylla serrata.
Joel and Raj (1982) dealt with the breeding aspects of the portunid crabs, ie., P. pelagicus,
S serrata and S. tranquibarica of the Pulicat lake. Various physiological aspects of
reproduction have been extensively reviewed (K.G. Adiyodi and R.G. Adiyodi, 1970 ;
RA. Adiyodi, 1985). Natarajan and Thangaraj (1983) studied the growth of Scylla serrata
m the backwater cage at Tuticorin. Prasad (1987) investigated on the breeding biology
of Scylla serrata from Karwar. Aruldhas er al. (1980) studied the germinal zone activity
and oocyte differentiation in the marine crab Portunus pelagicus. Sukumaran et al. (1986)
tacedthe breeding biology of Portunus sanguinolentus from the South Kanara coast.
Raman et al. (1987) reported on the larval rearing of Portunus pelagicus at Ennore
%ilatchexy. The morphological changes in the ovary and the anatomical changes on oocytes
%eye-ablated females of Scylla serrata was reported by Simon and Sivadas (1988, 1989).

asad and Neelakantan (1989a,1989b; 1990) studied the maturity, breeding and fecundity

Scylla serrata from Karwar. Sheeba (1988) mentioned briefly on size distribution and
zeproductive biology of Scylla serrata at Cochin. Prasad et al. (1990) reported on the
;;{';Stribution and abundance of Scylla serrata in the Karwar waters. Jacob et al. (1990)

died the size at maturity in females of Portunus sanguinolentus and P. pelagicus from

arwar. Reeby er al. (1990 ) dealt with the size at maturity in males of Portunus

inolentus and P. pelagicus from Karwar. The same authors (Reeby et al., 1990a)
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studied the fecundity of these crabs from Karwar.

e) Age and growth

While studying on the bionomics and fishery of Neprunus (Portunus)
sanguinolentus, Menon (1952) briefly mentioned about growth. Relative growth studies
of the crab Neptunus (Portunus) pelagicus in relation to different parts of body was
investigated by Prasad and Tampi (1954). A brief account on the growth of Scylla serrata
was given by Chakrabarti (1981) from Gujarat. Hamsa (1982) studied the moulting and
growth of Portunus pelagicus in the experimental tanks at Mandapam. Sukumaran e al.
(1986) mentioned about the growth of P. sanguinolentus from the South Kanara waters.
Thomas (1984) investigated on the gro;vth of P. sanguinolentus and P. pelagicus from

Cochin.

f) Stock assessment

No information is available on growth parameters, mortality, or stock assessment

of these portunids from anywhere.

1.2.  DESCRIPTION OF STUDY AREA

Karnataka is located on the west coast of the south Indian peninsula.
Geographically, the state is wedged between the western Ghats to the east and the
Arabian sea to the west. The state is situated between 11° 31’ and 18° 45’ north latitude
and 74° 12’ and 78° 40’ east longitude and lies in the west central part of the peninsular

India.

This state with about 300 km of coast line and a continental shelf area of 25,000

sq. km. has been selected as the study area (Fig. 1.1).
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Twentytwo west flowing rivers originating in the Western Ghats flowing through
the state and drains into the Arabian sea. Netravati, Gurpur, Gangavali, Sitanadi,
Aghanashini, Kali and Sharavati are the principal rivers. Six estuaries, which includes
Aghaﬁashini and Kali, in the river systems are considered particularly important from the
ecological and biological productivity standpoint. The state is well forested and
characterised by a rich flora and fauna. The weather is hot and humid most of the year.

The annual rainfall is more than 4400 mm.

There are 28 fish landing centres of which Mangalore, Malpe, and Karwar are the
major fishing harbours, while Honavar gnd Tadri are minor fishing harbours. For the
present study, three major centres (Mangalore, Malpe and Karwar) were selected for
observation of crab landings and collection of samples for biological and other related

studies.
1.3. RESEARCH APPROACH

Despite its commercial importance and wide distribution, present knowledge on
the Indian marine portunids are meagre. Since there is considerable lacunae on various
- aspects of biology of the marine portunid crabs, the present study is directed to give a
comprehensive account on the fishery, food and feeding, caﬁ)ace width-weight
relationship, reproduction, age and growth, growth parameters, mortality,

yield-per-recruit and stock asessment.
14. SPECIES COVERED

The study was made on the following two commercially important marine portunid

crabs of Karnataka.
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1. Portunus (Portunus) sanguinolentus (Herbst) (P1. 1)

This is a marine species and contributes to fishery in all maritime states of India.
It is caught from the inshore and estuarine waters often in appreciable quantities. It is
distributed from east coast of Africa, Asia, Red sea, Persian Gulf, Pakistan, India,

Srilanka, China Sea, Philippines, Japan to Australia and Hawaii.
2. Portunus (Portunus) pelagicus (Linnaeus) (Pl. 2)

This marine species supports a fishery of considerable significance in all the
maritime states of India. It is fished from inshore and brackish water areas in appreciable
quantities. Its distribution ranges from east coast of Africa, Persian Gulf, Pakistan, India,

Srilanka, China sea, Philippines, Japan to Australia, New Zealand and Hawaii.

Although the latest nomenclature of the portunid crabs studied are Portunus
- (Portunus) sanguinolentus and Portunus (Portunus) pelagicus, for the sake of brevity, the

- nomenclature Portnus sanguinolentus and Portunus pelagicus are used through out the text.

The results of the present study are presented in 7 chapters. The first chapter
includes the general introductory part, review of literature, description of study area,

research approach and species covered.

The second chapter deals with the fishery of these species and includes
information on their annual catch trends, seasonal fluctuations and percentage

_composition at selected centres.

The third chapter pertains to the food and feeding habits of the two marine

portunids selected for study.
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The fourth chapter deals with carapace width-body weight relationships of P.

;sanguinolentus and P. pelagicus.

The fifth chapter relates to reproduction in these two crabs and includes
information on maturity stages in males and females, size at maturity, spawning season,
frequency of spawning, spawning population, spawning ground, sex ratio, ovigerous

females, fecundity and reproductive potential.

The sixth chapter deals with age and growth and includes the aspects such as the
growth rate, life span, growth parameters and growth equation of the two species selected

for study.

N

The seventh chapter pertains to stock assessment with information on mortality,
yield-per-recruit, standing stock, annual average stock and maximum sustainable yield

(MSY) of P. sanguinolentus and P. pelgicus.
A general discussion is given at the end of all chapters.

The salient findings of the present study are given in the summary which is

followed by a list of references.
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2.0. FISHERY

2.1.0. INTRODUCTION

The present marine fish production of India of 2.24 million tonnes (1993) is about
50 % of the potential fishery resources estimated for EEZ of the country (George et
al.,1977). The annual average production is stagnating around 2.2 million tonnes during

the past five years (Annon., 1995).

\

India with its long coast line of 7,512 km and 2.02 million sq. km. of EEZ, has

rich and varied fishery resources. The major marine fish resources of India comprise of:

~

a) Pelagic fishery respources, such as, oil sardine, mackerel, white bait, Bombay duck,

seer fish, tuna and carangids, and

b) Demersal fishery resources, such as, perches, catfish, pomfrets, sharks, flatfish,

cephalopods and crustaceans, viz. prawns, lobsters and crabs.

Crabs exploited from the marine region, although do not enjoy the status of
~penaeid and non-penaeid prawns in terms of quantity landed, contribute to a fishery of
considerable significance all along the Indian coast. Maximum landing was recorded in
Tamil Nadu followed by Gujarat and Andhra Pradesh. The landings in Kerala and
;fKarnataka are moderate. Among the species, Portunus sanguinolentus, P. pelagicus and

Charybdls (Charybdis) feriatus grow to large size and commercially very important.

The last two decades have witnessed remarkable development in the mechanised

ctor. The trawl fishery has been intensified with the introduction of more and more
vats of varying size and HP, coupled with the extension of fishing ground upto 75 m
pth besides a change in the pattern of fishing from single day to multi-day fishing, to

jeet the incessant demand for prawns for freezing and export. The increased
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exploitation by the mechanised units has resulted in substantial increase in crab landings

in the country, and the current catch is around 27,000 tonnes.

Although crabs worth Rs. 196.3 million were exported during 1993-94 (Marine
Products Export Review 1993-94, MPEDA) it formed only mere 9.2 % of the annual crab
landings in the country. Penaeid prawns contribute to 85-90 % of our seafood export.

Further increase in the prawn catch for export may not be possible since the stocks are
fully exploited with little opportunity to increase total catches (George, 1982;
Ramamurthy and Sukumaran, 1984). In view of this, it is imperative that the export of
-crabs should be stepped up substantially as only 9.2 % of the annual catch of this

- resource is exported at present.

For better understanding of the magnitude of exploitation and to evolve
management strategies for conservation and judicious exploitation of this valuable
resource, estimation of catch assumes great significance. Information on the crab
fishery and fishing methods of different parts of Indian region are available in the
accounts given by Rai (1933), Hora (1935), Chopra (1939), Prasad and Tampi (1951,
1953), Jones and Sujasingani (1952), Menon (1952), George and Nayak (1961), Chhapgar
(1962), Wealth of India published by CSIR (1950), Hamsa (1978), Dhawan et al. (1976)
and Sukumaran et al. (1986). These accounts mainly deal with bionomics, species
composition, seasons, gears employed and method of fishing and disposal. Rao et al.

(1973) estimated the potential marine crab resources on an all India basis.

As there is no comprehensive information on catch and effort, and catch rate
from Karnataka state, an attempt has been made to study abundance and production of

ihe commercially exploited portunids, ie., Portunus sanguinolentus and P. pelagicus from

ajor fish landing centres of Karnataka with a view to enrich our knowledge on the

~marine crab fishery resources of the state. This information would help for the
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development and management of the crab fishery of this region.
2.2.0. MATERIAL AND METHODS

The present study is based on the data collected from Mangalore, Malpe and
Karwar, three major fish landing centres in Karnataka, during the periods 1992-93 and

1993-94.

Regular observations were made on an average 8 days in a month at Mangalore
and Malpe, and 4 days in a month at Karwar, to monitor catch statistics. On each
observation day, catch and effort data were colected at random from approximately 10
% of the units landed at that centre. In the case of mechanised trawls, two category of
units were in operation. The first category consisting of small boats (< 9.75 m) make
daily cruises. The second category comprising medium sized boats (9.75-15.0 m) make
multi-day fishing cruises. In the case of units making multi-days operation, the number
of days the observed boat was away from the landing centre was ascertained by enquiry
and the catch details were noted. The multi-day boats were grouped as 1 night, 2 night,
3 night, 4 night etc. for facilitating the estimation of effort in actual fishing hours. On an
average, 6.6 hours was spent for actual fishing out of each 12 hour absence from the
harbour by these units. Accordingly, the effort in actual fishing hours for 1 night, 2 night,
3 night and 4 night was 6.6 hours (6.6 hour x 1 unit of 12 hours), 19.8 hours (6.6 hour x
3 units of 12 hours), 33 hours (6.6 hours x 5 units of 12 hours), 46.2 hours(6.6 hours x
7 unitS of 12 hours) respectively. The number of units landed belonging to different
category was also monitored on each observation day. For units which make daily
cruises, an average of 5 hour was taken as the effort in fishing hours. The mean catch
and effort for the observed units under different category on each observation day was
raised to the total units of the respective type landed on that day to get the estimate for

the day. By pooling the estimates for different observation days and raising to the total
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number of fishing days in that month, catch and effort data for the month was obtained.

Statewise and all India marine fish production/ crab landings were taken from
publications of the Central marine Fisheries Research Institute, Cochin. Export figures
were obtained from the Marine Export Annual Review of 1993-94 published by the

Marine Products Export Development Authority, Cochin.
2.3.0. RESULTS

2.3.1. ALL INDIA CRAB PRODUCTION
2.3.1.1. Catch trends

Marine crab production in India for the years 1983 to 1993 is shown in Table 2.1
and Fig.2.1. With the total production of 26,977 tonnes in 1993, crabs constituted 7.5 %
of the crustacean landings (CMFRI Annual Report, 1993-94) and 1.19 % of the marine

?ish landings in the country.

Annual crab landings in India showed wide fluctuations (Table 2.1 and Fig. 2.1).
From a moderate catch of 19,357 tonnes in 1983, it improved remarkably to 28,708
tonnes in 1984, and thereafter fell to 20,780 tonnes in 1986. This declining trend
continued till 1989 (16,191 tonnes) except in 1987 when it was at 23,127 tonnes. The
following year, the crab fishery witnessed remarkable recovery with an annual catch of
24,243 tonnes (around 50 % increase from that of previous year) and an high yield of
28,489 tonnes was realised in 1991. However, the fishery suffered marginally in the

subsequent years and stood at 26,977 tonnes in 1993.

The maximum, the minimum and the average annual catch for the 11 year period
from 1983 to 1993 were 28,708 tonnes (1984), 16,191 tonnes (1989) and 23,137 tonnes

respectively.
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2.3.1.2. Fishing ground

The fishing ground exploited by the indigenous gears are mostly restricted to
shallow water regions of the coast at depths upto 15 m. During monsoon, fishing is
generally carried out at very close to the shore. Trawl fishing is done in deeper waters
extending upto 75 m depth. The fishing ground is generally characterised by muddy or

loamy bottom.
2.3.1.3. Gears employed

Indigenous gears, such as, shore seine, cast net and gill net are operated chiefly

to catch inshore fishes and crabs form an ancilliary catch often in appreciable quantities.

Gill nets with minor modifications, locally known as‘jeppubale, “nanduvalai and

“peethuvalai’ are employed in South Kanara, Gulf of Mannar and Palk Bay and Kakinada
coasts respectively. Baited lines are also used to lure crabs in Kakinada and in lagoons
and creeks of Sundarban area. In addition, trawl nets are used by mechanised boats all

along the coast for catching ground fishes, prawns and crabs.

2.3.1.4. Commercial species and their seasons

Although crabs are caught throughout the year at various regions of the coast, the

main season vary from place to place.

In Andhra Pradesh, the main season of the coastal fishery is from April to
December with peak catches obtaining in May. The important species contributing to the
fishery are Portunus sanguinolentus, P. pelagicus, Charybdis (C.) feriatus, Charybdis sp. in

the order of their abundance.

In Tamil Nadu and Pondicherry, the fishing season is from March to June and
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from October to December with peak catches in May at Madras and in September in
Mandapam and Palk Bay. The important species contributing to the fishery are Portunus
sanguinolentus, Charybdis sp., P. pelagicus, Podaphthalmus vigil in Madras and P. pelagicus

and P. sanguinolentus at Mandapam.

In Kerala, the important species are Portunus sanguinolentus, Charybdis (C.)

feriatus, P. pelagicus during September-July with maximum catch realising in December.

In Karnataka and Goa, the main season is from December to May with peak
catches obtaining in February and April. The fishery is mainly constituted by Portunus

sanguinolentus, P. pelagicus and Charybdis (C.) feriatus in the order of abundance.

.

In Maharashtra, the species supporting the crab fishery are Charybdis (C.) feriatus,
Portunus pelagicus, C. granulosa and P. sanguinolentus and the peak season is from
August to October, While in Gujarat, Charybdis lucifera, P. sanguinolentus, Thalamita sp.
and C.(C.) feriatus are the important species with principal season extending from July

to September.

From the above, it is seen that there is considerable amount of variation in the
species composition as well as in their seasonal abundance at various coastal regions of

the country.

2.3.1.5. Crab production along the west and east coasts

Along the southwest coast, Kerala, Karnataka and Goa together contributed to
21.60 % of the marine crab landings in the country (Table 2.2), whereas, along the
northwest coast, Maharashtra and Gujarat together formed 28.24 %. In the west coast
maximum catches were obtained in Gujarat (6,033 tonnes), while the landings were

relatively low in Maharashtra (501 tonnes). Kerala, Karnataka and Goa supported
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fisheries of considerable magnitude with maximum catch realising in Kerala (2,745

tonnes), followed by Karnataka (1,179 tonnes) and Goa (1,073 tonnes).

Along the southeast coast, Tamil Nadu and Andhra Pradesh together constituted
46.40 % of the annual average marine crab landings in the country, whereas, West Bengal
and Orissa, on the northeast coast, formed less than 2 %. In the east coast, maximum
catch was recorded in Tamil Nadu (8,026 tonnes) followed by Andhra Pradesh (2,710

tonnes). The landings in Orissa and West Bengal were relatively low.

2.3.1.6. Crab landings in different states

The estimated crab landings_in different maritime states of India with their
percentage contribution along with the annual average catch for 1983-1993 period is given
in Table 2.2 and Fig 2.2. From Table 2.2 it is discernible that with an annual average
catch of 8026 tonnes, Tamil Nadu ranked first in crab production among the maritime
states and formed 34.69 % of the total marine crab landings in the country. The
maximum and the minimum catches of 10,701 tonnes and 5,842 tonnes were obtained in

this state in 1993 and 1989 respectively.

With an annual average of 6,033 tonnes, Gujarat ranked second in crab production
contributing 26.08 % of the all India crab catch. A maximum of 14,450 tonnes and a

minimum of 2,383 tonnes were recorded in 1984 and 1993 respectively.

‘Ranking third, Kerala’s contribution to total crab landing in the country was 11.86
% with an annual catch of 2,745 tonnes. The highest catch of 5,612 tonnes was realised

in 1993, while the lowest of 474 tonnes in 1983.

Andhra Pradesh was the fourth in the order of abundance with an annual average

of 2,710 tonnes constituting 11.71 % of the all India crab catch. The maximum and the
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minimum were 3,963 tonnes in 1993 and 1,587 tonnes in 1985 respectively.

With an annual average of 1,179 tonnes and forming 5.10 % Karnataka ranked
fifth in the order of abundance. Best catches were realised in 1987 (2,575 tonnes), while

-the catches were poor in 1984 (476 tonnes).
Goa contributed to 4.64 % with an annual average of 1,073 tonnes.

Maharashtra’s contribution to all India crab landing was 2.17 % (501 tonnes),

while that of Pondicherry was only 1.64 % (379 tonnes).

The crab landings in Orissa, West Bengal and Andaman and Nicobar Islands were

relatively low and formed around on:: or less than 1 % each.
23.2.0. CRAB LANDINGS IN KARNATAKA

Karnataka with a coastline of 300 km and a continental shelf area of about 25,000

sq. km. is endowed with a rich and varied marine fishery resources.

The stretch of 18,000 sq. km. of land along the 300 km coastline is divided into
two districts, viz., Dakshina Kannada (South Kanara) and Uttara Kannada (North
Kanara). In these two districts adjoining the coastline are located 203 fishing villages and
2 ﬁsﬁ landing centres. Among them, Mangalore, Malpe, Ganguli, Bhatkal, Honavar,

Tadri and Karwar are the major fishing centres.

The introduction of mechanised trawling in the early sixties for prawns and ground
ﬁshes and purse seining in the mid-seventies for pelagic resources at some major centres,
has revolutionised marine fisheries sector in Karnataka. Due to the rapid development
“inthe mechanised sector along with the increased exploitation of marine fish resources

by shrimp trawlers, the crab fishery by improvised gears, such as, cast net, gill net, drag
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net, stake net, shore seine etc., which were in vogue since several centuries, have been
either eliminated due to poor return or confined to near shore waters, estuaries and back
waters of coastal areas. With the result, bulk of the crab catches are landed by shrimp

trawlers and the landing by traditional gears have been relatively low.

The crab landings in Karnataka from the marine fisheries sector along with its
percentage contribution for the period 1983 to 1993 is presented in Table 2.1 and Fig.
23. It is seen that the catch showed wide fluctuations. From a moderate catch of 533
tonnes in 1983, the crab landings in the state improved over the years and reached an all
time high of 2,575 tonnes in 1987 (383 % increase) and thereafter sharply fell to 762
tonnes in the following year. In the subsequent years, the fishery registered remarkable
improvement and stood at 2,069 tonnes in 1992 and since then declined to 1,174 tonnes

in 1993.

The maximum, the minimum and the average annual catch were 2,575 tonnes

(1987), 476 tonnes (1984) and 1,179 tonnes respectively.

The important species contributing to the fishery are Portunus sanguinolentus,
P. pelagicus and Charybdis (C) feriatus in the order of abundance, and the main fishing
season extends from December to May, though stray catches occurred during other

months.

232.1. Crab fishery at Mangalore, Malpe and Karwar
232.1.1. Craft and Gears employed

In addition to trawl net operated by mechanised vessels from major centres, the

following traditional gears are employed in Karnataka.

In the Mangalore-Malpe area, for inshore fishing, eventhough kairampani net
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(shore seine), cast net, gill net, mini trawl, ranibale/matabale (small version of purse seine)
are used, crabs are caught in minitrawl and in some modified gill nets (jeppubale and
kanthabale) only. These indigenous gears are employed for inshore fishing mainly during

monsoon months (June- August).

In the Netravati-Gurupur estuary (Mangalore), the fishery is highly seasonal and

crabs are mostly caught in minitrawls during February-June.

The indigenous gears used for crab fishing in the Karwar area are shore seines

(Yendibale) and gill nets (Chitkantalabale).
The craft and gears used in the crab fishery are briefly described below.

Mechanised Trawl : Wooden boats measuring an over all length of 9 to 15 m fitted

with 37-102 HP engines are employed in opearating otter trawl nets (head rope length
16-32 m; mesh size at the cod end 28-35 mm) from certain centres. These units make

1-6 day cruises and operate the net upto a depth of 75 m. The number of crew is 4-5.

Minitrawl : The gear is basically a four seam trawl net similar to the conventional trawl
net operated by small mechanised boats. The cod-end mesh size is 5 mm. The gear is
operated throughout the year in the Mangalore estuary from small wooden canoes upto
a depth of 3 m, whereas, its operation is restricted to monsoon months in the coastal
waters at Malpe employing canoes (3-4 m length) fitted with outboard engines. One to

two persons are employed in operating this net.

Jeppubale : 1t is a modified gill net without any floats. It is 80-120 m in length and 1 m
depth. The mesh size varies from 50-56 mm. It is set at the bottom of the sea, at a depth
0f 6-10 m, in the evening and hauled in the following morning. The catch mainly include

crabs, mullets, sciaenids, Platycephalus sp. and carangids. It is generally operated in the
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coastal inshore waters during monsoon months. For operating the net, dug out canoes
(5-6 m length) without outboard engines are used. Two to three persons are employed

in the operation of the net.

Kanthabale : 1t is a modified gill net. The length of the net is 200-300 m and depth is
3.6 -4 m with a mesh size of 52-56 mm. It is operated in the inshore waters at 4-18 m
depths throughout the year at certain centres for sciaenids, mackerel, carangids and
scomberoids. This gear is operated from Panambur harbour (near Mangalore) during
monsoon months and often crabs are caught in appreciable quantities. Four to five
fishermen are employed in operating the net from wooden canoes (7.6-9.2 m length)

fitted with outboard engines.

a

Kai-rampani net/ yendi (shore seine) : It is a small shore seine made up of 50-60 pieces.

Total length of the net ranges from 400-500 m with a depth 7-8 m. The mesh is 5-6 mm
in the middle. It is generally operated upto a depth of 6 m. It is a popular gear at Karwar
employed in the nearshore waters for shoaling fishes, prawns and crabs throughout the

year. Depending on the size of the net 8-20 persons are employed in operating the net. .

23.2.1.2. Catch and effort (mechanised trawl)

Specieswise crab landings and effort by shrimp trawlers at Mangalore and Malpe
for the fishing seasons 1980-81 to 1993-94 and at Karwar for 1991-92 to 1993-94 are given
in Tables 2.3-2.5.

The annual crab catch by shrimp trawlers showed fluctuations over the years at all
centres (Figs. 2.4-2.6). The maximum, the minimum and the average annual catch were
715.0 tonnes (1985-86), 95.2 tonnes(1981-82) and 282.0 tonnes at Méngalore, 314.5 tonnes
(1985-86), 47.5 tonnes (1982-83) and 164.8 tonnes at Malpe and 38.3 tonnes (1991-92),
6.3 tonnes (1993-94) and 20.3 tonnes at Karwar respectively (Tables 2.3-2.5).
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Among the species, P. sanguinolentus with an annual average catch of 148.4 tonnes,
71.4 tonnes and 9.8 tonnes formed 52.62 %, 46.97 % and 48.28 % of the total crab catch

at Mangalore, Malpe and Karwar respectively (Tables 2.3 - 2.5; Figs. 2.4 - 2.6).

The annual average catch of P. pelagicus was 97.1 tonnes (34.43 %) at Mangalore,
73.4 tonnes (44.54 %) at Malpe and 10.5 tonnes (51.72 %) at Karwar (Tables 2.3 - 2.5
and Figs. 2.4 - 2.6).

At Mangalore, the effort in fishing trip or boat trip(bt) showed remarkable
increase from 20,907 in 1980-81 to 56,128 bt in 1984-85. Thereafter, it registered a
declining trend and stood at 36,076 bt in 1993-94 with an annual average of 38,650 bt at
Mangalore (Table 2.3). On the otherhand, the effort in actual fishing hours (fh) showed
sharp increase. From 94,083 fth in 1980-81, it increased to 6,93,649 th in 1993-94, thereby
registering an increase over 600 % (Table 2.3). The average time spent by an individual
fishing unit for actual fishing per trip has increased from 4.5 hours in 1980-81 to 19.2
hours in 1993-94. This increased fishing effort by individual fishing units is the result of
the change in the pattern of fishing from a single day to multi-day (2-6 days/nights)

fishing by large number of trawlers in the recent years.

At Malpe also, a similar trend was observed. The effort in boat trip increased
from 19,600 in 1980-81 to 45,824 bt in 1984-85 and thereafter, reduced to 27,843 bt in
1993-94 registering 39 % reduction in boat trips with an annual average of 31,764 bt for
the period 1980-81 to 1993-94. The effort in actual fishing hours increased from 88,269
fh in 1980-81 to an all time high of 3,73,631 th in 1993-94 thereby registering 323 %
increase in fishing hours in 13 years (Table 2.4). The average time expended by each

unit for actual fishing has been increased from 4.5 hours to 13.4 hours in 1993-94.

At Karwar also, the effort in boat trips increased from 8,329 in 1991-92 to 16,244
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bt in 1993-94 (95 % increase) with an annual average of 10,943 bt (Table 2.5).

At Mangalore, the catch rate for total crabs ranged between a maximum of 2.38
kg/th in 1985-86 and a minimum of 0.28 kg/th in 1993-94 and the average annual catch
rate was 0.72 kg/th (Table 2.3).

For P. sanguinolentus, at Mangalore, the maximum, the minimum and the average
catch rate were 1.53 kg/fh (1985-86), 0.09 kg/th (1993-94) and 0.38 kg/th respectively. For
P. pelagicus, the highest catch rate of 0.68 kg/th was recorded in 1985-86, while the lowest
of 0.07 kg/th was obtained in 1993-94. The annual avearage was 0.25 kg/fh (Table 2.3).

At Malpe, the catch rate for total crabs registered a maximum of 1.76 kg/th in
1985-86 and a minimum of 0.11 kg/th in 1987-88 with an annual average of 0.68 kg/th

during the 14 year period (Table 2.4).

For the species, the maximum,the minimum and the average annual catch rate
recorded in respect of P. sanguinolentus at this centre was 0.92 kg/fh in 1985-86, 0.03
kg/fh in 1987-88 and 0.32 kg/th respectively. For P. pelagicus, a maximum catch rate of
0.75 kg/th was recorded in 1985-86 and a minimum of 0.07 kg/th in 1983-84 with an
annual average of 0.30 kg/fh for the entire period (Table 2.4).

At Karwar, for the total crabs, a maximum catch rate of 4.6 kg/bt was obtained in
1991-92 and a minimum of 0.42 kg/bt in 1993-94 with an annual average of 1.86 kg/bt for
1991-92 to 1993-94 period (Table 2.5).

At this centre, the maximum, the minimum and the average catch per boat trip
for P. sanguinolentus was 2.20 kg/bt in 1991-92, 0.18 kg/bt in 1993-94 and 0.90 kg/bt
respectively. A maximum of 2.35 kg/bt (1991-92), and a minimum of 0.24 kg/bt (1993-94)

with an average of 0.95 kg/bt was obtained for P, pelagicus during this period (Table 2.5).



32

Seasonal abundance

Monthwise landing of P. sanguinolentus and P. pelagicus during different fishing
seasons at Mangalore, Malpe and Karwar is presented in Tables 2.6 - 2.10 and Figs.
27-2.9. 1t is evident that although the trawling season is extended from September to
May end or early June, P sanguinolentus catches were poor in September, October and
November (Tables 2.6, 2.7, 2.10). Bulk of the catch was recorded during December-May
with peak landings in J anuary and April at Mangalore and Malpe, and during
January-March at Karwar (Figs. 2.7-2.9).

Similarly, for P. pelagicus, fishing is extended from September to late May or early
June. Stray catches were only occurred during September-November period (Tables 2.8
- 2.10). Bulk of the landing was observed during December-May with peak catches in
January and April at Mangalore and Malpe, while at Karwar, catches were more during

January-March (Figs. 2.7-2.9).

23.2.1.3.  Catch and effort (indigenous gears)

Crab landings by ‘yends (shore seine) at Karwar, by minitrawl at Mangalore
(estuary) and Malpe (inshore), and by “Jeppubale’(gill net) and “kanthabale’ (gill net) at
;;anambur Harbour near Mangalore (inshore) during 1992-93 and 1993-94 are given in
Tables 2.11 - 2.13.

It is seen from Table 2.11 (Fig. 2.10) that‘yendi’ is operated throughout the year
in the Karwar Bay and the crab catch, eventhough, occurred all through the year, was
only moderate. For the entire period, a maximum of 1,098 kg was obtained in February
1994, while it was low in September 1992 (6 kg). The catch rate was 6.83 kg/unit in
1992-93, while it was 4.35 kg/unit in 1993-94. The catch rate ranged between 0.92 kg/unit
September “92) and 20.70 kg/unit (December '92) in 1992-93 and between 0.35 kg/unit
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(November '93) and 9.72 kg/unit (February "94) in 1993-94 during different months
(Table 2.11).

For P. sanguinolentus, the catch ranged between 17 kg (0.25 kg/unit) in November
1993 and 880 kg (10.0 kg/unit) in August 1993. The annual catch rate was 3.37 kg/unit
- in 1992-93 and 1993-94.

In P. pelagicus, a maximum catch of 934 kg (20.30 kg/unit) was obtained in
December 1992 and a minimum of 4.0 kg (0.06 kg/unit) was recorded in May 1994. The
catch rate was better in 1992-93 (3.46 kg/unit) as compared to that of 1993-94 (0.97
kg/unit).

Among the species, P, sanguinolentus was the dominant species contributing to
65.29 %, while P. pelagicus formed the rest (34.71 %) in the crabs landed by ‘vends
during 1992-93 to 1993-94 (Fig.2.9).

Eventhough minitraw] is employed in the Mangalore estuary throughout the year,
crab fishery was seasonal and catch occurred only during February-June period (Table
2.12) when P. pelagicus (size ranging from 50-120 mm cw) found entering the estuary
from the inshore waters in large numbers resulting in a fishery of appreciable magnitude.
The catches were relatively high in February (3,400 kg and 1,875 kg in February 1993 and
February 1994 respectively) when the season started and the following months revealed
a downward trend in crab landings with the lowest catch of 265 kg obtaining in June 1993

(Fig. 2.11).

Like catch, the catch rate also showed a similar trend obtaining maximum values

in February 1993 (8.25 kg/unit) while a minimum in June 1993 (3.53 kg/unit).

Among the species, P, pelagicus formed the bulk of the catch (93.2 %), while P,
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sanguinolentus formed only 6.8 % (Fig. 2.11).

It is seen that crab catches occurred only in “jeppubale’ (modified bottom set gill
net) and * kanthabale’ ( bottom set gill net) at Panambur Harbour and in minitraw] at
Malpe eventhough several types of indigenous gears are employed at these centres during
monsoon months. The catch and effort details in respect of minitrawl at Malpe and
‘jeppubale’ and “kanthabale’ at Panambur Harbour are presented in Table 2.13. It was
found that among the gears, a maximum catch of 13,629 kg was recorded in minitrawl for
the two seasons (1993 and 1994) put together at Malpe followed by ‘“jeppubale’ (1,319
kg) and “kanthabale’ (730 kg) at Panambur Harbour. A better catch rate of 5.4 kg/unit
was obtained for “jeppubale®, whereas, it was only 4.8 kg/unit for minitraw] and 1.5 kg/unit

for ‘kanthabale’during this period.

Among the species, P. pelagicus formed 80.1 %, 674% and 83.7 %, and P,
sanguinolentus constituted 18.9 %, 31.3 % and 163 % in minitrawl, \jeppubale’ and

“kanthabale’ respectively (Fig. 2.12).

23.2.14, Marketing and disposal

Crab catches landed by mechanised trawlers/ indigenous gears are generally
auctioned as a lot. Fisherwomen who purchase these crabs sell it in the nearby markets,
while the merchants who auction it, transport these crabs in bulk to consumer centres in
Kerala, Bangalore and other interior places where it is sold to local merchants/
fisherwomen at a premium price. The landing price roughly ranges between Rs.5 to
15/- per kg depending on the catch trends, freshness of the catch, size of the crabs

landed, and demand.

Since crab meat is a delicacy in many parts of the world, it is exported alive, frozen

and canned to several foreign countries. During 1993-94, crabs worth R, 196.3 million
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(2,034 tonnes) were exported which formed 0.78 % in terms of value and 0.83 % in
quantity of the total export of marine products from our country during this period

(Tables 2.14 - 2.15).

2.4.0. DISCUSSION

With an annual average of 1,179 tonnes during 1983-93, crab landings in
Kamnataka formed around 5.1 % of the all India crab catch. Special type of gears
operated exclusively for catching these crabs are not occurring anywhere in the state.
Crabs are caught as ancillary item in gears operated in general fisheries. Eventhough
different type of gears were in operation, bulk of the crab catch was obtained by
mechanised trawls. The catch obtained by indigenous gears like minitiwal, gill net, shore
seine etc., was negligible and restricted its operation to some centres only. The important
species contributing to the marine crab fishery were P. sanguinolentus, P, pelagicus and
Charybdis (C) feriatus in the order of their abundance. Although crabs were caught in
varying quantities from September to May, bulk of the catch was landed during
January-February. Despite a steep rise in trawl effort, there has been no proportional
increase in crab landings which is stagnating around 1,000-2,000 tonnes in the last few

years.

Most of the advanced fishing countries of the world have adopted certain measures
for the proper management of fisheries. But in India, no conservatory measure even of
elementary nature is observed by fishermen. Due to this, immature, moulting and berried
crabs are fished indiscriminately (Joel and Raj, 1980). Since most of the gears employed
are non-selective (shrimp trawl, minitrawl, and shore seine), enormous quantity of
immature and juveniles are caught inadvertently and destroyed indiscriminately. In P.
sanguinolentus , juveniles (< 80 mm cw) formed upto 58 % in shrimp trawls and 82 %

in indigenous gears, whereas, in P, Ppelagicus, juveniles (< 80 mm cw) constituted upto 25
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% in shrimp trawls and 71 % in indigenous gears in the present study (Table 2.16). This
large scale destruction of young crabs would obviously have adverse effect on the crab
resources. To control these unscrupulous and indiscriminate fishing of juveniles, berried
and soft crabs, unfortunately, there is no fishery regulation in force in our country. This
situation can be remedied to large extent by educating the fishermen through media, such
as, TV, radio, newspaper etc., about the adverse effect of catching and destroying these
young ones on the crab stocks, and also creating an awareness among them about the
importance of releasing young crabs back into the sea or fattening of crabs through short
term cﬁlture, for the sustenance of these valuable resources. In addition, Government
has to enforce certain regulations like fixing legal minimum size (across the broadest
part of carapace), protection of ovigerous crabs, and protection of soft shelled crabs
(freshly moulted crabs) as practiced in several advanced fishing countries. All these
management measures are bound to improve the status of the crab stocks resulting in

higher yield.

The current catch in India, though amounted to 27,000 tonnes, barely 2,034 tonnes
of crabs valued at Rs. 196.3 million were exported to countries like Japan, USA, Belgium,
Thailand, Portugal, Thailand, Singapore, Hongkong and UK (MPEDA, Marine Export
Review, 1993-94). A comparison of crab landings with that of export figures (Tables
14-15)>reveal that the export status of edible crabs in India is not comparable with that
of prawns and lobsters. This is because, crab fishery is not given adequate attention and
importance it deserves in our country. On the contrary, in countries like United
Kingdom, crabs have become one of the most important sources of income to shellfish
fishermen (Edwards, 1979). This may perhaps be due to the ever-increasing demand for

crab meat in USA, UK and several European countries.

Although crab meat is a delicacy among the people of the coastal belt of

Karnataka, Tamil Nadu and Kerala, it is not yet a popular item of seafood in our country.
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The image of crab meat can be upgraded through women'’s magazines, TV and radio
cookery programmes. The utilisation of crab meat into “crab cakes’, * crab sausages’ or
other attractive fish products could further help to stimulate demand. Large scale

canning also can be considered.

Further, there is every possibility of increasing the export of crabs as the present

xport forms only just 9.2 % of the total crab catch landed.

Soft-shelled crabs are considered a delicacy and brings a much higher price than
hard shelled crabs in USA and several European countries, whereas, in India, it is
 discarded since there is no demand for it. These soft crabs which constitute appreciable
qQuantities in certain period of the year, also can be exported to USA and European

countries and earn foreign exchange.

By increasing the export of crabs, the fishermen will get realistic price for their
products thereby improving the income from the crab fishery, which is not only an
encouragement but also an impetus to fishermen to catch more crabs for export as well

as for local consumption.



TABLE 2.1.

Marine crab landings (in tonnes) in India.

All % contribution
Year India Karnataka of Karnataka to all
India crab catch
1983 19,357 533 275
1984 28,708 476 1.66
1985 22264 596 2.68
1986 20,780 1,886 9.08
1987 23,127 2,575 11.13
1988 17,422 762 4.37
1989 16,191 771 4.76
1990 24,243 948 3.91
1991 28,489 1,181 4.04
1992 26,948 2,069 9.52
1993 26,977 1,174 432
Average 23,137 1,179 5.10




TABLE 2.2,

Crab production (in tonnes) in different maritime states of India.

States 19831 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 Average| %
W.Bengal 359 111 210 93 130 66 26 24 125 27 139 119 0.43
Orissa 186 103 127 180 368 230 398 148 199 548 712 291 1.27
Andhra 3047( 1889 1587 3220 2312 2116 2395 2063| 3447 3768] 3963 27107 11.71
Pradesh
Tamil Nadu 10172 8586| 6575| 5875| 7801 7039 5842 6827| 10016] 8851 10701 8026| 34.69
Pondicherry 711 736 430 326 205 377 86 310 413 282 296 379 1.64
Kerala 474 505 974 1373 2560 2151 2664| 4704 43171 4864] 5612 2745} 11.86
Karnataka 533 476 5961 1886{ 2575 762 771 948| 1181 2069 1174 1179 5.10
Goa 7371 1032 1789 2872 2325 497 327 569 435 332 890 1073 4.64
Mabharashtra 329 790 494 360 393 211 195 414 638 674] 1008 501 2.17
Gujarat 27791 14450 9452] 4560| 4433] 3973 34450 7987 7469| 5434 2383 6033] 26.08
Andaman &

Nicobar 1. 10 30 30 35 25 0 42 249 249 99 99 79 0.48
Lakshadweep 0 0 0 0 0 0 0 0 0 0 0 0 0
Bigger 20 0 0 0 0 0 0 0 0 0 0 2 0
trawlers

Total 19357| 28708 22264 20780 23127 17422 16191) 24243] 28489] 26948] 26977 23137| 100.00




TABLE 2.3

Crab catch (in tonnes) and effort by shrimp trawlers at Mangalore during 1980/81 - 1993/94.

Fishing Seasons | _P.sanguinolentus P.pelagicus Others Total Effort
C C/th C C/th C C C/th BT FH
1980-81 86.3 9.2 40.1 0.43 - 126.7 1.35 20907 94083
1981-82 57.1 0.37 38.1 0.25 - 952 0.62 34196 153944
1982-83 75.5 0.27 74.4 0.27 - 1499 0.54|  45553] 275513
1983-84 101.8 0.37 30.7 0.11 89.0 2215 0.79 38371 278752
1984-85 59.7 0.14 136.8 0.33 52 201.7 0.48 56128 420600
1985-86 459.3 1.53 205.1 0.68 50.6 715.0 2.38 42986 299895
1986-87 146.0 0.35 134.2 0.32 213 3015 0.72 44480 419778
1987-88 42.0 0.11 62.5 0.17 2.1 106.6 0.29 41756| 366897
1988-89 76.7 0.13 1249 0.21 29.8 2314 0.29 35539 585873
1989-90 70.2 0.20 90.9 0.25 174 178.5 0.50 30487 356996
1990-91 140.0 0.33 157.7 0.37 109.9 407.6 0.97 33928 421791
1991-92 209.0 0.43 45.6 0.07 453 413.9 0.85 42607| 488118
1992-93 492.6 0.76 58.1 0.09 54.2 603.9 0.93 380981 649241
1993-94 62.1 0.09 45.6 0.07 87.0 194.7 0.28 36076 693649
Average 148 4 0.38 97.1 0.25 36.5 282.0 0.72 386501 393224
% 52.62 34.43 12.95

C - catch; C/fh - catch per hour; BT - boat trip; FH - fishing hour



TABLE 2.4

Crab catch (in tonnes) and effort by shrimp trawls at Malpe during 1980/81 - 1993/94.

Fishing P.sanguilentus P.pelagicus Others Total Effort
Seasons C C/th C C/th c C C/th BT FH
1980-81 65.8 0.75 46.6 0.53 - 112.4 1.27 19600] 88269
1981-82 63.9 0.39 60.1 0.54 0.3 104.3 093] 24785] 111575
1982-83 28.5 0.17 19.0 0.12 - 47.5 0.29] 30248 165175
1983-84 70.9 0.35 14.9 0.07 39.7 125.5 062] 37352] 203385
1984-85 49.4 0.19 112.6 0.43 1.6 163.6 0.63] 45824| 261248
1985-86 164.4 0.92 134.3 0.75 15.8 314.5 1767  32727] 178261
1986-87 141.5 0.63 121.5 0.54 18.7 2815 1.25] 38193] 226060
1987-88 9.5 0.03 19.2 0.07 - 287 0.11f 42431] 272312
1988-89 59.7 0.19 81.5 0.26 32.0 173.3 0.55] 35714] 315267
1989-90 78.4 0.31 114.1 0.45 14.7 207.2 0821 23379] 254035
1990-91 40.9 0.13 68.5 0.21 28 112.2 0.35] 25556] 319523
1991-92 101.0 0.39 86.7 0.33 9.0 196.7 0.75] 27312] 261796
1992-93 143.2 0.55 77.2 0.22 10.4 230.8 0.66] 33734] 347624
1993-94 85.9 0.23 71.1 0.19 51.5 208.8 0.56] 27843] 373631
Average 77.4 0.32 73.4 0.30 14.0 164.8 0.68] 31764] 241297
% 46.97 44.54 8.49

C - catch; C/fh - catch per hour; BT - boat trip; FH - fishing hour




TABLE 2.5.

Crab catch (in tonnes) and effort by shrimp trawls at Karwar during 1992/92 - 1993/94.

Fishing P.sanguilentus P.pelagicus Others To! Effort
Seasons C C/bt C C/bt C C C/bt BT
1991-92 18.6 22 19.6 2.35 0.1 383 -4.60 8329
1992-93 7.9 0.96 8.0 0.97 - 15.9 1.92 8256
1993-94 2.9 0.18 3.9 0.24 - 6.8 0.42 16244
Average 9.8 0.90 10.5 0.95 - 20.3 1.86 10943
% 48.28 51.72

C - catch; C/bt - catch per boat trip; BT - boat trip



TABLE 2.6.

Month-wise landin

at Mangalore.

gs (in kg) of P.sanguinolentus by shrimp trawlers from 1980

-81 to 1993-94

Year Sep. .] Nov. Dec. Jan. Feb. May Total
1980-81 0 0 0 0 142661 20696 22423 86283
1981-82 0 0 0 3296 9523 9811 6491 57074
1982-83 0 0 0 2150 23515] 14855 9130 75462
1983-84 0 0 0] 49446 36159] 10595 0 0 101828
1984-85 0 0 0 0 18319] 14180 6026 0 59681
1985-86 0 0 0] 57350 913321 101990 32384 0 459337
1986-87 0 0 0] 10604 549121 25280 22264 0 146056
1987-88 0 0 0 447 9918] 10676 6514 0 41999
1988-89 0 120 17 2626 22106 1412 18333 0 76383
1989-90 0 145 0 105 14342] 12744 10910 0 70259
1980-91 53 0 0 1430 33713 9095 38686 0 139797
1991-92 0 0 0] 11519 28847 41076 47786 0 208975
1992-93 0 6038] 154216] 268192 22940 12356 0 491589
1993-94 480 1570 9193 30660 6465 4587 0 61889
Average 38 545] 21620 46843 21558 16992 6 14829]




TABLE 2.7.
Month-wise landings (in kg) of P. sanguinolentus by shrimp trawlers from 1980-81 to 1993-94 at Malpe.

Year Sep. Oct Nov Dec. Jan. Feb. | Mar. Apr.| May Jun. | Total
1980-81 0 0 0 0] 5756] 21490] 9661| 23720 5193 0 65820
1981-82 0 0 0 60} 9320] 18479 6373 5520 3750 3501 43852
1982-83 0 0 0] 11250] 5616 2366 639] 2288] 4680| 1650| 28489
1983-84 0 0 0] 30126] 30160] 7995| 2262 375 0 0| 70918
1984-85 56 1550 O] 5900] 17468| 8440| 4810 7695 3510 0] 49429
1985-86 8000 0 0] 11730] 30750| 15218{ 25440| 22800| 50430 0] 164368
1986-87 0 0 0] 2160] 68347] 25568| 14060| 14544| 16815 0| 141494
1987-88 1266 0 282 95| 1241 4952 910 360 396 0 9502
1988-89 249 0 549] 9042{ 1250] 6380] 7212| 24426( 10572 0] 59680
1989-90 0 0 0] 2862] 20400| 9503| 20410] 11140] 14068 0| 78383
1990-91 3150 43 137]  7425] 9930] 6306] 1907| 6444 5554 0| 40896
1991-92 0 17 251 32426] 15096| 17278| 12600 12893} 10447 0| 101008
1992-93 130 0 3910] 43271] 39773 32151 13545| 6228| 4153 0| 143161
1993-94 567 413 6206 12079] 9978] 6986| 14542| 22394| 12762 0| 85927

Average 958 145 810| 12030 18938 13079| 9598| 11488 10166 143 77355




TABLE 2.8.

Month-wise landings (in kg) of P. pelagicus by shrimp trawlers from 1980-81 to 1993-94 at
Mangalore.

Year Sep. Oct.| Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Total
1980-81 0 0 0 0f 61701 10707 7242 10200 6106 0] 40425
1981-82 0 0 2411  5447] 5046 9150 12142 4703 1352 0] 38081
1982-83 0 0 0] 1432] 23804 17676 5865 13764 11748 75] 74364
1983-84 0 0 O] 7813] 8466 4871 2067 7488 0 0l 30705
1984-85 0 0 0 0! 52319] 43040 14125{ 21508 5819 0] 136811
1985-86 0 0 0] 12110] 20633] 31850 27566] 80675] 32252 0] 205086
1986-87 0 0 0] 3344] 294801 19440 27468 229711 31460 0| 134163
1987-88 0 50 95 801| 25840 6618 5312] 14547 9220 0] 62483
1988-89 645 120 189 959] 43514 8506 41731 9533] 19673 0] 124870
1989-90 0 75 0 38] 117721 10774 10467]  45110] 12695 0] 90931
1990-91 259 0 193 170 23614] 35528 14539] 51921 31477 20] 157721
1991-92 0 0 930] 1369] 37103 38404 23070] 28628 30049 0] 159553
1992-93 0 0 0 0 0] 16480 8901 9300f 23460 0l 58141
1993-94 491 384 O] 1563 7224 7022 4070 12687] 12163 0] 45604

Average 100 45 118] 25031 210701 18576 14612] 23788] 16248 71 97067




TABLE 2.9.
Month-wise landings (in kg) of P. pelagicus by shrimp trawlers from 1980-81 to 1993-94 at Malpe.

Year Sep. Oct. Nov. Dec. Jan. Feb. | Mar. Apr. May Jun. Total
1980-81 0 0 0 0] _4235] 13720} 7725| 18300| 2604 0] 46584
1981-82 0 0| 1118 180] 7150| 35517] 4072 6105| 5640 350 59782
1982-83 0 0 0] 3750] 6084] 2366 880 773] 4914 300] 18767
1983-84 0 0 0] 3914] 5590f 2021 2976 375 0 0] 14876
1984-85 3496 150 0] 37050] 46860] 9540 7218] 5130] 1755 0] 111199
1985-86 48000 0 0] 1668] 3530[ 5168] 22080| 24000| 29880 0] 134326
1986-87 6125] 1914 68| 1632 25932{ 22508{ 18700| 27360] 17328 0} 121567
1987-88 6096 0] 2889 1700] 2389] 2475 803 2542 326 0] 19220
1988-89 490 0 202] 3311 1664| 13708 10140] 39681| 12288 0] 81484
1989-90 174 0 0] 1933] 28492] 13943| 16650] 28647| 24243 0] 114082
1990-91 11623 345 698| 8525] 22663 7961] 3440] 9584 3650 0] 68489
1991-92 1467 923] 1047] 30831| 7716] 8408] 14490 14706| 7152 0] 86740
1992-93 2998| 19385 O] 2330 1470] 12745] 14453] 16825| 6947 0| 77153
1993-94 782) 1440] 2516] 5655] 7692] 6818 13571 22093] 9966 0] 70533

Average 5804 1826 530 7320| 12248] 11207 9800| 15437 9047 46 73219




TABLE 2.10
Crab landings (in Kg) by shrimp trawls during different months
from 1991-92 to 1993-94 at Karwar.

Year I Sep. l Oct. I Nov. | Dec. l Jan. l Feb. l Mar. l Apr. lMav. I Jul. | Aug. | Total
P.pelagicus

1991-92 [ O 0 0 217 14860 ] 68001 4250 2530 | 450 25 510 19642
1992-93 | 15 0 0 283 123841 1785 1801 1108 | 221 40 320 7957
1993-94 | 0 0 20 35 914 1126 | 1261 456 51 0 0 3863
Average | 5 0 7 178 127191 3237{ 2437 1365 | 241 22 277 10487
P.sanguinolentus
1991-92 | 0 0 0 382 149201 5190 5420 2100 ] 310 17 281 18620
1992-93 | 1 0 0 498 2412 | 1363 { 2294 933 155 71 168 7895
1993-94 | 0 0 48 300 | 810 | 700 141 609 289 0 0 2897
Average | 0 0 16 393 12714 24181 2618 1214 | 251 29 150 9803
TABLE 2.11.
Crab landings by shore seines (vyendi) during 1992-94 at Karwar.
Period Units P.sanguinolentus P.pelagicus Total
operated C C/U C C/u C Cc/u
Sep.92 39 0 0 6 0.92 6 0.92
Oct. 80 49 061 170 213 219 2.74
Nov. 63 25 0.40 141 2.24 166 2.63
Dec. 46 18 017 934 20.30 952 20.70
Jan.93 29 42 1.45 164 5.66 206 7.10
Feb. 39 229 5.87 148 3.79 377 9.67
Mar. 37 172 4.65 30 0.81 202 5.46
Apr. 34 77 2.26 35 1.02 112 3.29
May 40 76 1.90 23 0.58 99 248
Jun, 42 124 2.95 90 2.14 214 5.10
Jul. 47 276 5.87 69 1.47 345 7.34
Aug 38 380 10.00 210 2.39 1090 12.39
Total 584 1968 3.37 3020 3.46 3988 6.83
93 79 153 1.94 38 0.48 191 242
Oct. 91 410 4.51 70 0.77 480 5.27
Nov. 68 17 0.25 7 0.10 24 0.35
Dec. 95 630 6.63 272 2.86 902 9.49
94 111 428 3.86 130 1.17 558 5.03
Feb. 113 791 7.00 307 2.72 1098 9.72
Mar. 118 364 3.08 209 1.77 573 4.86
Apr. 110 330 3.00 103 0.94 433 3.94
May 68 140 2.06 4 0.06 144 2.12
Jun. 148 328 2.22 8 0.05 336 2.27
Jul. 62 150 2.42 5 0.08 155 2.50
Aug, 126 270 2.14 5 0.04 275 2.18
Total 1189 4011 3.37 1158 097 5169 4. 35

C - catch in Kg; C/U - catch per unit of effort in Kg.



TABLE 2.12
Crab landings by minitrawl during 1993 and 1994 from the Mangalore

estuary.
Period Units | P.sanguinolentus P.pelagicus Total
operated C (9/]8] C cu C ¢/J

Feb 93 412 390 0.94 3010 7.31 3400 8.25
Mar. 356 160 0.45 2200 6.18 2360 6.63
Apr. 338 40 0.12 2300 6.80 2340 6.92
| May 243 20 0.08] 15400 6.33 1560 6.42
Jun, 75 5 0.07 260 3.47 265 3.53
| Total 1424 615 0.43 9310 6.54 9925 6.97
Feb.94 318 65 0.20 1810 5.69 1875 5.90
 Mar. 262 220 0.84 1620 6.18 1840 7.02
Apr. 280 188 0.67 1500 5.36 1688 6.03
May 250 38 0.15 1200 4.80 1238 495
| Total 1110 511 0.46 6130 5.32 6641 5.98

C - catch in Kg; C/U - catch per unit of effort in Kg.

TABLE 2.13
Crab landings (in Kg) by indigenous gears during monsoon months
at Malpe and Panambur.

Month l Effort l P.sanguinolentus l P.pelagicus I Total
MALPE (Mini trawl) (&710]
Jun.'93 264 27 681 849 3.2
Jul, 534 279 852 1131 2.1
Aug. 736 1271 7471 87421 11.1
Jun.'94 392 796 1096 1892 48
Jul. 708 202 704 906 1.3
Aug 218 0 109 109 0.5
Total 2852 2575 10913 13629 4.8
% 18.9 80.1
PANAMBUR (Jeppubale)

Jun '93 55 0 303 303 55
Jul. 71 91 205 296 4.2
Aug 38 52 267 319 84
Jun.'94 15 15 45 70 47
Jul. 45 225 0 225 6
Aug. 20 30 70 100 5
Total 244 413 890 1319 5.4
% 313 67.4

PANAMBUR (Kanthabale)

Jun.'93 102 0 479 479 4.7
Jul. 19 6 12 18 1
Aug. 17 0 0 0

Jun.'94 315 45 90 135 0.4
Jul. 30 63 30 98 3.3
Aug. 20 0 0 0

| Total 503 119 611 730 1.5
% 16 3 83.7

C/U= Catch/unit effort in Kg



TABLE 2.14.

Export growth of Indian marine products.

Year Quantity in tonnes Value in Rs.Crores
1983-84 92,187 384.29
1984-85 86,187 384.29
1985-86 83,651 398.00
1986-87 85,843 460.67
1987-88 97,174 531.20
1988-89 99,777 597.85
1989-90 110,843 634.99
1990-91 139419 893.37
1991-92 171,820 1373.85
1992-93 208,602 1767.43
1993-94 243,960 2503.62

Source: Marine Products Export Review 1993-94 (MPEDA)

TABLE 2.15.
Export to Indian marine products.

Products 1991-92 1992-93 1993-94

Quantity | Value | Quantity | Value |Quantity | Value

Frozen crab meat 575 274 630 54.0
Canned crab meat 3 0.1 52 2.9
Live crabs 591 19.0 556 28.7
Total 1169 46.5 1238 85.6 2034 196.3
Contribution of crabs (%) 0.68 0.34 0.59 0.48 0.83 0.78
to total export

Quantity in tonnes; Value in million Rupees.
Source: Marine Products Export Review 1993-94 (MPEDA)




TABLE 2.16.

Juveniles of P. sanguinolentus and P. pelagic

Mangalore, Malpe and Karwar during 1992/93- 1993/94.

us (in nos.) in the samples obtained from the ca

tches landed by different gears at

Mangalore (T) Malpe (T) Karwar (T) Karwar (IG) Mangalore (IG) Malpe (IG)
males |females males |females males |females males |females | males females | males females

P.sanguinolentus
Juveniles 484 481 1702 1502 50 66 770 557 121 96 176 172
(crabs <80 mm)
Total crabs 1515 1613 2900 2629 750 461 945 665 143 179 241 224
% of juveniles 31.5 29.8 59.2 573 6.7 14.3 81.5 83.8 84.6 53.6 73.0 76.8
Juveniles

male + female) 965 3220 116 1327 217 348
Total (male+female) 3148 5529 1211 1610 322 465
% juveniles

(male +female) 30.7 58.2 9.6 82.4 67.4 74.4
P.pelagicus
Juveniles 864 207 173 153 45 55 338 357 451 440 28 31
(crabs < 80mm)
Total crabs 980 925 724 652 504 586 506 476 733 802 88 86
% of juveniles 26.9 22.4 23.9 23.5 8.9 9.4 70.8 75.0 61.5 54.9 31.8 36.0
Juveniles 471 326 100 695 891 59

male+female)
Total (male+female) 1905 1376 1090 982 1535 174
% juveniles

(male+female) 24.7 23.7 9.32 70.8 58.1 33.1

T-Trawl; IG-indigenous gear:;
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FOOD AND FEEDING

INTRODUCTION

Food is vitally important to every organism as its growth, development,
juction and other metabolic activities depend on the energy it receives from food
nd Rao, 1984). Fish are no exception to this and information on their food and
ig habits is very essential for a better undertstanding of their life history including
h, breeding and migration and also for the management of the commercially
tant fisheries. Besides, a study of the food of fish is useful to determine their
at, distribution, and associated factors (Bal and Rao, 1984). Further, a knowledge
tural diet of an animal is required for its study of nutritional requirements, its

iction with other organisms and its potential for culture (Williams, 1981).

The food habits and feeding ecology of several brachyurans have been investigated.
rtant studies are those on Callinectes spp.(Tagatz, 1968; Paul, 1981; Laughlin, 1982;
sr and Buchanan, 1990), Carcinus maenas (Ropes, 1968, 1988; Dare et al., 1983),
ipes spp.(Caine, 1974; Du Preez, 1984; Ropes, 1988; Wear and Haddon, 1987),
arcinus spp.(Choy, 1986; Ropes, 1988), Paralithodes spp- (Jewett and Feder, 1982),
vecetes spp.(Feder and Jewett, 1977, 1980; Feder and Paul, 1981; Feder and Hoberg,
; Jewett and Feder, 1983), Cancer novaezelandiae (Creswell and Marsden, 1990),

a spp. (Arriola, 1942; Deshmukh, 1968; Hill, 1976, 1979; and Prasad and

Jakantan, 1988, 1988a).

Although Portunus sanguinolentus and P. pelagicus enjoy a wide distribution and
commercially harvested in many areas within its geographical ranges, investigations
he feeding biology of these crabs are meagre. Prasad and Tampi (1953) referred to

elagicus as "scavengers and cannibals” but they noted that these crabs fed readily on
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meat, prawns and small fish. Guinot (1966) referred to this species as a carnivore
ave no evidence for this. Eales (1972) examined the gut content of P. pelagicus
it in trawls in the Moreton Bay and reported that lemellibranch shells were the
common type of recognisable food. Patel e al. (1978) examined the gut content of
lagicus from Gujarat coast, and Williams (1981, 1982) and Wassenberg and Hill
") on the same species from Queensland. George and Nayak (1961) mentioned that
sod of P. sanguinolentus consisted of detritus, polychaete remains, bits of prawns and
iscs. Other than this, practically no information is available on the food habits of
nguinolentus. Therefore, an attempt has been made to study the diet of these two
nids from the present study area to enhance our knowledge on the feeding biology

zse crabs.
. MATERIAL AND METHODS

For food and feeding studies, Portunus sanguinolentus and P. pelagicus were
cted from the commercial landings by shrimp trawlers at Mangalore and Malpe. All
swere preserved in 10 % formalin for a week. To facilitate penetration of formalin
eserve the gut regions, the dorsocardiac region was pierced with a sharp needle
re preserving in formalin. After recording the carapace width, sex and moulting
» the body of the crab was cut open from the dorsal side and the foregut was
_ovéd carefully. It was cut open and the contents were washed out into a petri dish
wwater. The gut contents were identified and separated into different food groups

ir a binocular microscope.

Altogether 157 crabs (P. sanguinolentus - 65 nos. size range- 60-140 mm cw; P.
fcus - 92 nos. size range - 60 -160 mm cw) were examined for food studies. The

#ss of stomach was visually examined at 0, 25, 50, 75, 100 %.
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Many of the decapods mainly feed on macroscopic organisms. Eventhough, crabs
1 on macroscopic benthic invertebrates, most of the food found in the foregut were
iady broken down into small fragments by the mouth parts and gastric mill ossicles and
ce, identification of food types and quantifying them have been extremely difficult.
; to this, few items could not be assigned to any taxonomic category. Hence the gut
tents were broadly classified into the following five categories as suggested by Prasad

iNeelakantan (1988).

) Crustacean remains 2) Fish remains
) Molluscan remains ~ 4) Miscellaneous items
) Debris

The percentage of the total volume of the stomach contributed by each food
up was determined visually (Elner, 1980; Williams, 1981; Stehlik, 1953). Importance
bod groups was evaluated by ranking them by pergcentage frequency of occurrence
ipercentage points. Percentage frequency of occurrence is the number of stomachs
taining a particular food group divided by the number of stomachs with food
itlphed by 100. To estimate the volume of food group, points were assigned to each
sd group using a modification of methods of Elner (1980), Williams (1981), and
;efner (1990) as suggested by Stehlik (1993). As an example, a food group that was

§% of the volume of the stomach which was 50 % full was assigned
40 points x 0.50 = 20 points.
fcentage point is the point of a particular food group divided by the total points of all

i groups multiplied by 100.
{0. RESULTS AND DISCUSSION

Percentage points along with frequency of occurrence of major food categories in

pect of P. sanguinolentus and P. pelagicus are presented in Tables 3.1 - 3.2 and Figs.
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31- 3.2. Percentage points of major food groups in various size groups as well as in

lifferent months are given in Tables 3.3 -3.6 and Figs. 3.3-3.4.

In general, the diet of P. sanguinolentus and P.pelagicus mainly consisted of
trustaceans, fishes, molluscs, large quantity of unidentifiable matter and debris. A check

st of major food items along with their relative occurrence is given in Table 3.9.

Out of the 157 stomachs examined 70.8 % in the former and 63.0 % of the latter

only contained food.

‘The present study has indicated that the crustaceans are the most favoured food
group, which occurred in 80.4 % and 74.1 % of the stomachs that contained food in P.
unguinolentus and P. pelagicus respectively (Fig.3.1) and consisted primarily of decapods
tong with macroscopic cumaceans, amphipods, isopods and stomatopods. This
twntributed to 47.1 % in the former and 42.6 % in the latter species of the gut content
by volume (Tables 3.1-3.2 and Fig.3.2). In different size groups, the crustacean remains
%varied between 34.1 % ( crabs of 60-80 mm cw) and 53.2 % (crabs of 100-120 mm cw)
m P. sanguinolentus, and between 35.9 % (crabs of 100-120 mm cw) and 63.6 % (crabs
1f 140-160 mm cw) in P. pelagicus (Table 3.3-3.4 and Fig. 3.3).

The important groups of crustaceans contributing to the diet are penaeid prawns,
mabs and stomatopods. Mostly the food items were in broken down condition.
flowever, appendages, rostrum, petasma and telson of these crustaceans were found
mtact in several cases due to their chitinous nature although the body tissues were in a

kemidigested condition.

Fish formed the second important item of food. The occurrence of fish in diet

uld be identified by the presence of vertebrae, bones, scales and fins. The body soft

fsues were digested by the time they were analysed. Although it was not possible to
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entify the fish from scales, vertebrae and bones, they might have been benthic species
»f e soles, gobies and juveniles of Pleuronectids which are known to coexist and are

ught frequently together in trawls. Fish remains were present in 67.4 % and 41.4 % of
i e stomachs that contained food in P. sanguinolentus and P. pelagicus respectively
»: ig.3.1). This food group formed 29.0 % by volume of the gut content in the former and
.4 % in the latter (Table 3.1-3.2 and Fig. 3.2). The occurrence of fish remains varied
tween 0 ( in crabs of between 60-80 mm cw)and 45.8 % (in crabs of 120-140 mm cw)
P. sanguinolentus and 0 (in crabs ranging between 60-80 mm cw) and 39.4 % (in crabs
iging between 120-140 mm cw) in P. pelagicus in different size groups (Tables 3.3-3.4
§d Fig. 3.3).

The third predominent category of food was molluscs which formed 5.7 % of the
: content by volume in P. sanguinolentus and 20.0 % in P. pelagicus (Fig.3.2). Frequency
i occurrence study indicated that this item occurred in 28.3 % and 53.4 % of the
machs that contained food in P.sanguinolentus and P.pelagicus respectively (Tables
1-3.2 and Fig.3.1). Molluscs mainly consisted of bivalves and gastropods (Meretrix casta,
phia sp., Crassostrea sp., and Telescopium sp.). Eventhough the soft tissues of molluscs
re digested, the shells were often intact and the identifiaction of the food item was
ssible to a certain extent. The mollusc remains ranged between 3.2 % ( in crabs of
‘0-140 mm cw) and 16.9 % (in crabs of 80-100 mm cw) in P. sanguinolentus and between
8 %( in crabs of 140-160 mm cw) and 38.8 % (in crabs of 60-80 mm cw) in P. pelagicus

‘; ong different size groups (Table 3.3-3.4 and Fig. 3.3).

The miscellaneous dietary group mainly comprised of unidentified tissue matter,
» lychaetes (Neries sp., Glycera sp.), ophiuroids, nematodes, foraminiferans and algal
fements. This group contributed to 13.3 % in P. sanguinolentus and 12.3 % in P.
lagicus by volume of gut content (Tables 3.1-3.2 and Fig.3.2). This group occurred

Ractically in all stomachs that contained food (100 % in the former and 94.8 % in the
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it species) (Fig.3.1). In different size groups, miscellaneous items varied between 12.4
;in crabs of 100-120 mm cw) and 37.9 % (in crabs of 60-80 mm cw), and between 8.6
in crabs ranging of 140-160 mm cw) and 13.5 % (in crabs of 80-100 mm cw) in P.

guiholentus and P. pelagicus respectively (Tables 3.3-3.4 and Fig.3.3).

The detritus formed 4.9 % and 4.7 % of the gut content of P. sanguinolentus and
elagicus respectively (Fig.3.2). It was available in 63.0 % and 58.6 % of the stomachs
taining food in these two portunids (Tables 3.1-3.2 and Fig.3.1). The occurrence of
s varied between 2.9 % ( in crabs of 120-140 mm cw) and 182 % ( in crabs of
%0 mm cw) in P. sanguinolentus and between 1.2 % (in crabs of 60-80 mm cw) and 6.5
%’in crabs of 80-100 mm cw)in P. pelagicus in different size groups (Tables 3.3-3.4 and
$.3).

¢ Ontogenic variability of diet

'~ Diet difference in different size groups have been frequently reported in other
imes of crabs (Ropes, 1968; Paul, 1981; Jewett and Feder, 1982; Gotshall, 1977,
élen et al., 1982; Prasad and Neelakantan, 1988; Stoner and Buchanan, 1990). In the
'-‘ient study, an attempt was made to ascertain whether there was any 51gn1ﬁpant
iatlon in diet of these crabs at different sizes/ juveniles, subadults and adults. Itis

in from Tables 3.3-3.4 that juveniles of P. sanguinolentus (< 80 mm cw) preferred

fcellaneous items (37.9 %) followed by crustaceans (34.1 %) as diet, whereas, juveniles
P. pelagicus (< 80 mm cw) had a strong preference for crustacean diet (51.3 %)
owed by molluscs (38.8 %). In the sub adults (80-100 mm cw), crustaceans and
i ellaneous groups (46.9 % and 18.1 % respectively) were the dominant items in P.
L; inolentus, while in P. pelagicus, it was crustaceans and molluscs (43.0% and 25.8 %
; bectively). In adults (> 100 mm cw), crustaceans were the principal food category

. sely followed by fishes in both species of crabs. It was found that adult crabs showed
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gong preference for fishes instead of molluscs, as it grows in size (see Table 3.3-3.4
iFig. 3.3). It is noted that fishes replaced crustaceans as principal food (45.8%) in P.
guinolentus (120-140 mm cw). Elner (1980) is of the opinion that the difference in diet
gposition of juveniles and adult Liocarpus puber presumably result from the size
trence, change in cheliped strength and foraging behaviour. This may be true of P.

winolentus and P. pelagicus also.
{ Seasonal variability in diet

Williams (1982) found that the diet did not vary seasonally for juveniles of P.
égzcus in intertidal areas in the Moreton Bay, Queensland. The seasonal variation in
%animal diet of Liocarpus holsatus and L. puber are presumably due to changes in
ajilability of prey organisms (Elner, 1980). The variation in diet of P. sanguinolentus
i P. pelagicus during different months as evident from Tables 3.5-3.6 (Fig. 3.4) may

ibe due to change in availability of prey organisms.
1 Sexwise variability of diet

Williams (1982) reported that male and female of P. pelagicus ate similar
§1tities of food and the food was of a similar type in the Moreton Bay. Laughlin
32) in Callinectes sapidus and Stevens et al.(1982) in C. margin found a lack of
éation in diet with sex of crabs. However, sexwise difference in dietary composition
Tabs have been demonstrated in some portunid crabs ‘(Ropes, 1968; Elner, 1980).

§y (1986) showed that for male Liocarcinus puber molluscs formed a greater

?ortion of the diet than in female crabs and concluded that these differences reflected
iiped strength, with male crab possessing larger and, stronger chela than females. In
3

?resent study also, certain amount of variation in the food types and the quantity of

iconsumed has been observed between the sexes (Tables 3.7-3.8 and Fig. 3.5). P.
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elagicus males showed strong preferences for crustaceans and molluscs, whereas, females
referred fishes in addition to crustaceans. In P. sanguinolentus females, fishes were the

econd important food item.

i4.  Feeding behaviour

Some works are available on the feeding behaviour of crabs. Hill (1970) reported
tat Scylla serrata remained buried during the day and emerging only after sun set to

ked.

Prasad and Tampi (1953) referred to P. pelagicus as "Scavengers and Cannibals"

Elt they also noted that these crabs fed readily on clam meat, prawns and small fish in

hhe laboratory. Guinot (1966) referred to P. pelagicus as a carnivore but gave no evidence

o this. According to Williams (1982), this crab is a bottom feeding carnivore eating on

hwide variety of sessile and slow moving invertebrates and the food mainly consisted of

bivalves and ophiuroides.

The analysis of the foregut contents of P. sanguinolentus and P. pelagicus in the
resent study indicated that they are primarily predators of sessile and slow moving
nthic macro invertebrates. It is seen that P.pelagicus had a strong peference for bivalves
\ food as evident from the occurrence of large number of bivalve shells in the gut
ntn'buting upto 90 % of the gut content by volume. The presence of detritus and
n identified items in the stomach also suggest that these crabs are detrivorous consuming
caying plant debris and inorganic material and scavengers consuming fresh and

aying flesh of all kinds.

Although fish remains are abundant in the foreguts of these crabs, it is doubtful
at these crabs can prey on active and healthy fish. Kwei (1974) observed that

Gincarcinus latimanus could stalk and kill Tilapia sp. Paul (1981), based on his laboratory
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{ies, opined that much of the fish eaten by the crabs is through scavenging dead fish
§waste products abundantly discarded by fishermen during shrimp fishing season in
#s near the fishing villages. Wassenberg and Hill (1987) reported that ingested fish or
wns were not found in the foreguts of crabs captured when trawling was not taking
i;e During trawling times, however, when by-products were being discarded, both food
gls were found in the foreguts. The undigested appearance of this material and the
;d clearance rate indicate that it had been recently ingested. This may be true of P.

guinolentus and P. pelagicus also.

Differences in the contribution of food types in the diet of Callinectes arcautus in
éerent areas of the lagoon system probably result from difference in prey availability
iul, 1981). Ennis (1973) reported that the percentage occurrence of various prey
;ifcies in the lobster stomachs reflected the relative abundance of the prey species in the

é}itat. This may be true of P. sanguinolentus and P. pelagicus also.

%

The most significant difference between the diet of P. sanguinolentus and P.
%gzcus was that the former feeds more on fish and the latter on molluscs, in addition

érustaceans as main diet in both species.



TABLE 3.1.

Percentage points and fre

in P. sanguinolentus.

quency of occurrence of major food groups

Percentage Percentage
Items Points points frequency of
occurrence
Crustacean remains 1441.5 47.1 80.4
Molluscan remains 174.8 5.7 283
Fish remains 888.4 29.0 67.4
Miscellaneous items 407.1 13.3 100.0
Debris 149.1 4.9 63.0
Total 3060.9 100.0

Number of crabs analysed :

TABLE 3.2.

Percentage points and fre

P. pelagicus.

65

quency of occurrence of major food groups in

Items Points Percentage points Percentage
frequency of
occurence
crustacean remains 1119.2 42.6 74.1
Molluscan remains 525.0 20.0 53.4
Fish remains 535.1 20.4 41.4
Miscellaneous items 3220 12.3 94 8
Debris 123.6 47 58.6
Total 26249 100.0

Number of crabs analysed : 92




TABLE 3.3.

Percentage points of major food groups in various size groups

in P. sanguinolentus.

Size No. CR MR FR M D Total
| group(mm)
60-80 3 350 10.0 - 383 18.7 102.5
(34.1) (9.8) = (37.9) (18.2)
80-100 6 187.6 67.5 17.5 126 55.0 400.2
(46.9) (16.9) 4.4 (18.1) (13.7)
100-120 25 858.8 67.3 438.4 200.9 477 1613.1
(53.2) (4.2) (27.2) (12.4) (3.0)
120-140 12 360.1 30.0 432.5 94 8 277 945.1
(38.1) (3.2) (45.8) (10.0) 2.9)
Total 46 1441.5 174.8 888.4 407.1 149.1 3060.9
(47.1) (5.7 (29.0) (13.3) (4.9)
TABLE 3.4.
Percentage points of major food groups in various size groups in P. pelagicus.
Size
groups No. CR MR FR M D Total
(mm)
60-80 3 51.3 38.8 - 8.7 1.2 100.0
(51.3) (38.8) - 8.7) (1.2)
80-100 29 5978 358.6 155.1 187.8 90.2 1389.5
(43.0) (25.8) (11.1) (13.5) (6.5)
100-120 14 251.2 107.6 273.5 84.6 19.7 700.6
(35.9) (15.4) (33.9) (12.0) (2.8)
120-140 7 107.6 15.0 102.5 84.6 8.8 260.1
41.49) (5.8) (39.4) (12.0) (3.4
140-160 5 111.3 5.0 40.0 15.0 3.7 175.0
(63.6) (2.8) (22.8) (8.6) 2.1)
Total 58 1119.2 525.0 535.1 322.0 123.6 26249
(42.6) (20.0) (20.49) (12.3) 4.7

Percentage is given in parenthesis
CR -Crustacean remains; MS - Molluscan remains; FS - Fish remains;

M - Miscellaneous items; D - Debris




TABLE 3.5.
Percentage points of major food groups during different months
in P. sanguinolentus.

Period No. CR MR FR M D
Dec.'92 26 857.6 31.1 4479 245.0 66.6
(52.0) (1.9 (27.2) (14.9) (4.0)
Jan.'93 12 4139 362 320.5 92.1 25.0
(46.6) 4.1 (36.1) (104 (2.8)
Mar.'93 5 50.0 97.5 - 40.0 37.5
(22.2) (43.3) (17.8) (16.7)
May '93 3 120.0 10.0 120.0 30.0 20.0
(40.0) (3.3) (40.0) (10.0) (6.7)
Total 46 1441.5 174.8 888.4 407.1 149.1
47.1) (5.7 (29.1) 13.3) (4.9
TABLE 3.6.
Percentage points of major food groups during different months in P. pelagicus.
Period No. CR MR FR M D
Mar. '93 14 63.8 293.8 16.2 95.5 52.9
12.2) (56.3) 3.1) (18.3) (10.1)
Apr. '93 21 567.7 169.9 138.9 126.0 42.3
(54.3) (16.3) (13.3) (12.1) (4.0)
May '93 23 487.7 61.3 380.0 100.5 28.4
(46.1) (5.8) (35.9) (9.5) 2.7
Total 58 1119.2 525.0 535.1 322.0 123.6
(42.6) (20.0) (20.4) (12.3) 4.7)

Percentage is given in parenthesis
CR -Crustacean remains; MS - Molluscan remains; FS - Fish remains;

M - Miscellaneous items; D - Debris




TABLE 3.7.
Percentage points of major food groups in P. sanguinolentus

males and females.

ITEMS MALE FEMALE
Points % Points %
Crustacean remains 306.3 63.3 1135.2 44.1
Molluscan remains 10.0 2.1 164.8 6.1
Fish remains 55.0 11.4 8334 323
Miscellaneous items 814 16.8 325.7 12.6
Debris 31.2 6.4 117.9 4.6
Total 483.9 100.0 2577.0 100.0

Number of crabs ; males - 10 ; females - 36.

TABLE 3.8.
Percentage points of major food groups in males and females of P. pelagicus.

Items MALE FEMALE

Points % Points %

Crustacean remains 349.0 40.1 770.2 439
Molluscan remains 238.8 27.5 286.2 16.3
Fish remains 73.8 8.5 461.3 26.2
Miscellaneous items 133.0 153 189.0 10.8
Debris 75.0 8.6 48.6 2.8
Total 869.6 100.0 1755.3 100.0

No. of crabs: Males - 21; Females - 37,



TABLE 3.9.

Check list of stomach contents of P.'sanguinolentus and P. pelagicus.

. P.sanguinolentus  P. pelagicus
:|CRUSTACEA
; Penacid prawn body Ve ve
parts
appendages, mandible,
rostrum,petasma, telson,
uropod, antennae, eggs
Crab body parts C c
Amphipods c c
Isopods c c
Cumaceans c c
Unidentified crustacean ve vC
remains
Stomatopod body parts A vC
MOLLUSCA
Bivalve shells pieces c vC
Gastropod shell pieces C c
{FISH
: Scales, bones, Ve Ve
: vertebrae, fins
1ZOOPLANKTON
Foraminiferan shells c c
Copepods a r
Unidentified items vC vC
Algal filaments r r
Nematods T r
Ophiuroids a r
Sand and mud Ve vC

B

£¥C - YETy COmmon,; ¢ - Common; r - rare; a - absent
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Eig 3.2. A - Percentage points of major food groups for P.sanguinolentus;
) B - percentage points of major food groups for P. pelagicus.

CR - Crustacean remains; MR - Molluscan remains ;FR - Fish remains;
MI - Miscellaneous items; D - Debris.
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CARAPACE WIDTH (LENGTH) - WEIGHT RELATIONSHIP

NTRODUCTION

Study of length-weight relationship is of vital importance in fishery biological
jgations. It helps to establish a direct mathematical relationship between two
jes, namely, length and weight, so that, if one is known the other could be easily
jted. This also helps to know variations from the expected weight for the known
{ which in turn reflects its fatness, gemeral well-being of the animal, gonad

sjpment and the suitability of the environment.

The weight of the animal is a function of length and since length is a linear
re and weight is a measure of volume, the relationship between the length and
iof an animal could be expressed by the hypothetical cube law, W = CL?, where
nd ‘L’ are the weight and length of the animal and *C’ is a constant. This
gsion holds good only when the specific gravity and the form of the animal remain
int But most of the animals tends to change their shape or form as they grow in
i In such cases, the formula has been modified as W =aL’, where,"W’and “L’ are
iand length respectively and “a’ is an equivalent of *C’, and “b’ is another
int to be determined empirically from the data. However, significant variation from
Qmetnc growth (b=3) is uncommon (Beverton and Holt, 1957) and *b’ will be equal
31 an ideal situation where the animal maintains its body proportions throughout

a 1938).

Although there have been several works relating to length weight relationship in
g(Jhmgran 1952 Plllay, 1954; Prabhu, 1955; Narasimham, 1970; Neelakantan, 1981;
ila 1983) similar studies on brachyurans are relatively few (Dhawan et al., 1976;

Q 1982; Jameson et al., 1982; Suhalya and Rasham, 1986; Potter ez al., 1983; Lalitha
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Devi, 1985; Sukumaran et al.,1986; Prasad et al., 1989c; Sumpton et al.,1989a).
42 MATERIAL AND METHODS

Altogether 579 crabs comprising 267 numbers of P. sanguinolentus and 312
mmbers of P. pelagicus collected from the commercial trawl landings at Mangalore and
g\dalpe were analysed for studying the length-weight relationship. Out of the 267 P.
pnguinolentus, 97 were juveniles (30-79 mm cw), 86 adult males (80-154 mm cw) and 84
édult females (80-144 mm cw). Similarly, in P. pelagicus, out of 312 crabs examined, 95
pere juveniles (30-79 mm cw), 111 were adult males (80-159 mm cw) and 106 were adult

lmales (80-164 mm cw).

Crabs in the intermoult stage with all appendages intact were only considered for

e study.  All material was analysed in the fresh condition.

The crabs were washed thoroughly to remove all mud, sand and epizoic forms.

ndividual carapace widths (CW) between tips of the largest lateral spines across the

pody, and carapace length (CL) along the middle line between the frontal notch and
terior margin, were. measured (see Fig. 5.1A) to the nearest millimeter using a vernier
iper and the individual weight was recorded to an accuracy of 0.001 g using an
ctronic balance after removing all adhering water from the body using a blotting paper.

ales and females measuring 80 mm CW and above were classified as adults.

The carapace width/carapace length and weight relationship was determined by
ploying the Le Cren’s (1951) non-linear equation, W = al.®, where, *“W’ and ‘L’ are
:ight in g and carapace width/length in mm respectively, and ‘a’ and ‘b’ are
imeters. This parabolic equation can be transformed into a linear equation of the

u Y = a + bX by taking logarithms on both sides as,
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Log,, W = Log,ya + b Logy, L,

where, Log ;W =Y
‘ Log ,L =X
Logga =a

This linear equation was fitted for juveniles, adult males and adult females
. separately for P. sanguinolentus and P. pelagicus. The regression analysis was performed
_todetermine the constants “a’ and “b’and relationship between carapace width/length and

-weight with the help of a computer.

The coefficient of determination (R squared) was determined to know the pattern

';of association of the two varaibles involved.

Analysis of covariance (Snedecor and Cochran, 1967) technique was used to test

for significant difference in the relationship between the sexes.
43, RESULTS AND DISCUSSION

Carapace width, carapace length and weight data in respect of juveniles, adult

ales and adult females of P. sanguinolentus and P. pelagicus are given in Tables 4.1-4.6.
 the regression output, the linear regression equations along with the parabolic equations
carapace width/length and weight in these two species are indicated in Tables 4.13
.16. The non-linear curves of width/length and weight relationship are shown in Figs.
4.6. Average and standard deviation(SD) of carapace width, carapace length and
eight in respect of juveniles, adult males and adult females of P, sanguinolentus and P,
plagicus are given in Tables 4.7-4.12 for interconversion of the parameters. Sum of
quares and products, corrected sum of squares and products and analysis of covariance

carapace width-weight data for P. sanguinolentus and P. pelagicus are presented in
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Present study has indicated that males are heavier than females at a given width

m both the species. The difference in weights at a given carapace width between males
and females was predominant above 120 mm cw in P. sanguinolentus and above 115 mm
ow in P. pelagicus (Tables 4.8-4.9 and 4.11-4.12). The non-linear curves plotted based on
the expected values along with the observed values in Figs. 4.1 -4.6 suggested that there
was direct relationship between the observed and calculated values of carapace

width/length and weight in juveniles, adult males and adult females in these portunids.

The coefficient of determination (R squared) computed from carapace width
-weight data for juveniles (0.974328), adult males (0.977131), and adult females
(0.964351) in P. sanguinolentus and the similar values for juveniles (0.931881), in adult

males (0.970253) and adult females (0.976566) in P. pelagicus were significant at 5 % level
(Tables 4.13 -4.14).

The exponent (b) values of 3.02612 in juveniles, 3.09969 in adult males and
296044 in adult females of P. sanguinolentus indicated that the increase in body weight
in juveniles and adult males was proportional to the cube of width, while in adult
females, the body weight was lower than the width cube (Figs. 4.1- 4.3). In the case of
P. pelagicus, the exponent (b) values of 2.87333, 3.61676 and 3.25274 respectively in
illveniles, adult males and adult females suggested that the body weight of adults (males
ind females) grew faster than the cube of carapace width, whereas, in juveniles, the

ncrease in body weight was lower than the cube of width (Figs. 4.4 - 4.6).

Analysis of covariance of carapace width-weight data in P. sanguinolentus and P.

Eelaglcus suggested that between males and females no significant difference was observed
?{_ﬁthe former species, whereas, significant difference was observed between the slopes

b3
£

the regression equations in the latter species (Tables 4.17-4.18).
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Similarly, relationship between carapace length and weight of juveniles, adult males

%and adult females in respect of P. sanguinolentus and P. pelagicus was found to be direct

“and non-linear (Tables 4.1-4.12 and Figs. 4.1-4.6).

£
B
-5

‘The present results indicate that the tendency of males being heavier than females
portunids which is in conformity with the observations of Potter et al. (1983) in P.
lagicus from Australia, Thomas (1984) in P. pelagicus and P. sanguinolentus from
Cochin, Sumpton ez al.(1989a) in P. sanguinolentus from Australia, and Lalithadevi
1985) in P. pelagicus and P. sanguinolentus from Kakinada coast, Sukumaran et al. (1986)
P. sanguinolentus from Mangalore, and Prasad et al. (1989) on P. sanguinolentus, P.
agicus and Scylla serrata from Karwar. In this context, the observation of Dhawan er
.(1976) that females of P. pelagicus are heavier than males at a given length in the Goan
‘waters needs reexamination in view of the present studies as well as the studies made

by several workers on this species from differfent regions.

Eventhough there is general agreement in the fact that males are heavier than

males, there has been variations in the results obtained by various workers while
gudylng on the carapace width/length and weight relationship in portunids from various

g_kcahtles (Potter er al., 1983; Thomas, 1984; Sumpton ez al.,1989a; Lalithadevi 1985;

maran et al., 1986 ; Prasad et al., 1989¢ ).

The differences in exponential values in juveniles, adult males and adult females
be attributed to the differential diet presumably resulting from size difference,

ge in cheliped strength, foraging behaviour and metabolic rate of the animal.



TABLE 4.1.
P. sanguinolentus juveniles carapace width/ carapace length and body weight data.

CW CL Weight CW CL Weisht
2 14.8 2.007 68.9 294 18.219
35.2 15.1 2.343 69 28.7 16.427
374 16.5 2.883 69.1 28.1 19.406
39.5 18.1 3.96 69.5 30.3 18.773
39.5 17 3.337 69.5 28.8 18.371
40.2 16.8 2.929 69.9 30.1 18.954
426 18.1 4.33 70 33.2 26.198
44 19.1 4.842 70 30.5 2321
442 19 4.302 70 30.3 17.082
475 21.2 6.684 70.2 30.1 20.816
48.1 21.2 6.849 70.7 31.7 24.445
49.5 21.1 6.117 71 30.5 18.612
3.1 23.2 7.527 71 30.5 21.043
54.5 24.6 9.74 71 30.7 33.21
55.8 24.7 10.607 714 30.1 20.113
57.2 24.6 10.391 71.8 29.5 19.702
7.5 24.1 11.009 72 31.6 23.873
57.9 24.1 9.96 72.2 31.6 18.608
58 253 11.257 72.5 29.8 19.059
58.1 25.7 12.058 72.5 31.1 20.522
9 252 11.911 72.8 30.3 20.133
59.1 26.2 11.692 73.1 30.7 21.868
59.8 25.6 11.852 73.2 31.3 20292
60 26.4 12.324 74 312 21.566
60.3 26.2 12.39 74 328 23.568
60.5 25.6 13.249 74.1 33.1 21.959
60.9 26.8 13.75 742 314 23.199
62 26.1 13.278 74.5 31.6 24.093
62.5 27 14.325 75 322 24 515
62.7 27.8 15.798 75.5 33.6 24314
8 27.4 14.766 75.5 32.3 25523
62.8 27.8 16.188 75.8 32.7 24.066
63.4 29.1 14.668 75.9 31.1 20.655
63.5 28.5 14.03 76.1 322 24.809
63.7 27.8 13.642 76.2 32.6 23.703
64 264 15.089 76.5 33.2 25.955
64.4 29 17.165 76.9 33.3 27.213
64.8 23.7 16.682 77 334 26.637
64.9 282 14.58 77 32.4 25179
65.6 284 16.814 77.1 33.2 25.079
65.7 29.1 17.312 77.1 334 26.768
~166.4 30.3 18.518 77.5 33.1 25.636
66.7 292 18.426 78.1 33.1 26.619
67.5 29 17.203 78.7 33.1 23.916
67.7 282 17.94 79 32.8 27.21
68.4 29.2 18.823 79.2 328 26.509
-168.6 30.5 19.02 79.6 347 26.167
68.7 30.8 20.327 79.8 343 28.107
“168.7 29.1 18.625

- CW= carpace width in mm; CL=carapace length in mm; weight in g.



TABLE 4.2.
P. sanguinolentus males carapace width/ carapace length-body weight data.

Cw Cl Weight CW CL Weight
80 333 25386 125 532 121.615
80.1 34.1 27.177 125 53.7 122.144
82.1 35.9 33.451 126 53.2 131.103
82.4 35.9 34.188 127 53 120.386
82.6 36.3 31.163 128 52.3 118.94
83 35.1 30.446 129 56.2 142.941
84 34.8 30.6535 130 56.3 150.052
84.1 35.6 27.539 131 56.3 138.75
84 6 36.3 36.264 131 54.5 130.089
85.5 36.5 35.718 132 54 128.5
85.8 35.2 31.879 132 57.3 146.831
86.5 37.2 37.977 132 57.1 150.85
87 35.1 34.326 132 57.1 152.312
89.8 382 44.262 132 64.2 132.7
89.9 38.6 42 289 134 572 142.306
90 38.2 43.797 134 58.4 153.373
90.5 36.8 36.954 135 57.1 138
91 38.5 40.265 135 54.2 134.078
93.1 38.7 41.77 135 57.2 155.95
93.3 38.8 42.293 136 58.2 164.8
939 43.4 68.073 136 55.3 146.913
96.8 42.1 54.38 137 60.2 172.874
98.3 41.3 54.075 138 58.6 162.411
99.1 41.5 54.925 139 55.2 136.176
102 45 66.602 140 59.1 157
104.7 43.3 58.708 141 61.6 170.011
106.5 458 75.836 141 58.3 168.175
108 458 79.1 142 60.5 178.2
108.4 45.1 74.55 142 594 160.5
110 45.1 62.325 143 57.6 145.2
112.1 48 6 88.324 143 60.2 176.508
113.2 48.4 90.785 143 58.4 157.8
113.8 49.1 98.37 144 59.7 173
113.8 47.1 86.707 145 59.2 168.954
114 479 89 145 60.2 196.2
116.1 49.1 87.115 146 62.1 197.982
117 48 5 88.64 147 60.7 170.7
119 49.1 100.075 149 63.1 201.7
120.5 52.1 112.364 149 61.7 175.5
121 53 118.971 150 60.8 184.2
1221 50.3 103.929 152 60.2 164.617
122.8 50.5 106.888 154 62.1 214.406
124 50.5 103.939 154 64.3 206.395

CW=carapace width in mm; CL=carapace length in mm ; weight in g.



TABLE 4.3.

P. sanguinolentus females carapace width/ length - body weight data.

CW CI Weight CW CL Weight
80.8 384 27.033 115 50 97.5
812 34 27.588 115 49.1 99
81.3 34.1 28.795 115 49.1 80.2
81.6 331 27.209 116 47.8 85.306
82 384 28.39 116 50.2 87.5
83 35.8 27.528 116 47.8 87.432
86 37.2 34.5 116 50.5 101.373
86 37.2 38.951 116 50 83.6
87.4 37.5 43.435 116 50.2 82.5
87.8 36.2 36.26 117 48.2 87.5
88 37.4 39.5 117 56 93.441
89.1 383 43.288 118 50 81.417
91 384 46 118.2 51.2 108.307
91 38.7 41 120 50.3 86
91 38.5 41.5 120 53.3 92
91 384 41 120 50.9 93.494
91 38.5 41.5 120 52.2 84.125
91.6 40.1 47.688 120 50.3 92.5
91.8 38.7 39.696 120 51 96.332
92.7 39.1 40.286 121 52.4 99.5
94 40.3 44.779 123 52.2 91.199
96 44.5 53 123.6 533 113918
97 44.5 57 124 52.4 106.869
97.1 398 49.554 124 52.2 88.88
98.1 414 50.333 124.3 55.4 111.908
98.2 42.6 53.637 125 532 92.323
99.1 44.8 60.595 126 50.4 99.7
100.2 437 56 977 126 52.3 117.539
101 44.1 56.39 127 57.5 121
101 445 55 128 56.2 132241
102.5 44.3 52.592 128 55.1 117.2
103 442 48.793 128 55 107.286
103.7 44 63.568 129 57.5 120.2
104 44.7 51 130 54.5 106.609
106.2 46.6 72.66 130 54.9 115.2
107 46.2 61.67 131.5 56.1 125.065
108 46.5 57.5 134.5 564 127.378
111 46.5 79.5 137 58.1 137.552
111 46.2 74.404 137 58.5 136.273
112 477 835 140 60.1 133.594
113 48.8 83.095 143 60.1 152.7
114 482 90.5 146 60.2 164.5

CW= carapace width in mm;

CL=carapce length in mm; weight in g




TABLE 4.4.

P. pelagicus juveniles carpace width/carapace length -body weight relationship.

Cw CL Weight Cw CL Weight
54 241 9.125 69.5 287 15.422
54.3 24.8 9.044 69.5 29.1 17.027
57.1 25.3 10.745 70 29.6 19.371
57.2 25.1 10.286 70 285 15.742
38 25 9.048 70.2 30.2 19.238
58.1 246 10.004 70.3 31.2 21.643
38.2 258 9.764 70.5 29.7 17.392
58.2 26.2 11.691 70.6 29.1 17.466
387 27.1 12.051 71 294 18.476
39.1 25.2 11.243 71 29.3 18.343
595 26.1 11.585 71.1 29.8 17992
39.5 26.7 11.348 71.1 30 19.15
60.3 26.1 11.63 71.3 27.5 21.975
61.1 26.2 11.473 71.6 28.8 16.77
61.7 27.1 12.147 71.8 31.1 20.491
624 27 13.887 72 30.5 16.025
63.1 26.1 11.227 72.2 314 19.848
64.1 29.1 14.493 723 31.6 2245
64.1 27.1 13.8 127 31.5 21.078
64.1 30.1 15.78 73.2 32.1 24.02
64.5 274 12.843 74.3 31.5 22.547
65 28.6 15.76 75 31.9 20.535
65.1 288 14618 15.5 326 25.011
65.1 28 13.851 75.6 32.8 23.565
65.2 274 1441 758 323 24.574
65.5 282 16.192 75.8 32.1 22.366
65.6 29.8 16.02] 76.4 312 22.86
65.9 283 15.534 76.5 33.2 21.004
66.1 29.3 15.802 77 32.8 23.152
67.1 28 13.853 77 32.5 22.625
67.1 282 15243 77.1 32.8 25.106
67.3 28 16.422 77.1 32.6 24.02

7.5 28.8 15.237 77.8 322 24.912
678 29.2 16.189 78 34.1 24.293

8 27.5 15.233 78 338 25254
68.1 28.5 15.219 78 334 25.677
68.1 29.7 16.962 78.2 344 24.856
68.1 29.1 14.943 78.2 332 25.08
682 297 18.265 79 33 24.927
68.3 29 18.546 79 33.3 25.585
68.5 293 17.346 79.2 332 25.903
68.5 28.8 16.77 79.5 332 27.881
68.6 282 14.87 79.6 33.8 2578
68.7 28.1 16.527 797 342 26.996
687 29.2 16.767 79.8 33 22.755
68.9 29.1 17.404 79.9 34.1 26.3
69.2 30.1 19.16
69.2 29.2 17.853
69.3 27.8 18.24

CW=carapace width in mm; CL=carapace length in mm ; weight in g.




TABLE 4.5.

P. pelagicus male carapace width/ carapace length - body weight data.

Cw CL Weight CwW CL Weight
81.1 332 23.292 98.5 41.6 48.982
81.2 33.9 28.25 99 44 51.527
81.5 35.7 27.57 99 41.6 53.527
81.7 44.2 29.719 99.1 42.6 54.075
82 35 30.377 99.2 421 52.067
82.1 353 29.67 100.4 42.3 52.475
82.1 34.2 29242 1011 42.5 53.874
82.1 35.2 30.772 102.2 427 54.887
82.3 345 29.226 103 43.2 59.158
83.2 36.5 34.387 103.8 48.9 59.367
83.5 34.1 22.133 1044 43.8 56.152
83.6 35.5 30.043 105.1 45.5 64.954
837 36 37.655 106 45 58.44
84.5 36.3 32.507 108 46.1 60.898
84.8 354 31.575 109 44.5 59.547
84.9 34.6 29.662 109 48 65.802
85 36.5 28.803 110.2 46.2 67.03
85.1 36.1 32.858 110.2 47.1 75.72
85.6 36.8 35.188 110.5 46.1 70.264
86.1 35.1 33.722 113 48.8 73.884
86.2 36.6 32.678 114 494 86.06
87 36.5 31.19 114.1 50.6 95.513
87 35.8 26.652 114.8 51.8 90.632
87.1 36.5 34.16 117.9 61.1 100.274
87.1 364 33.66 118.2 534 140.22
88 372 34.446 121 53.5 122.023
88.1 351 32.519 124 54 109.527
88.2 29.3 17.702 124 56.3 118.76
88.2 381 38.053 126 54.8 130.609
89.3 372 35.937 127 54.5 119.832
89.5 382 37.789 127 56.1 143.431
89.5 36.4 37.655 128 56.4 153.502
90.1 421 52.144 128 57.1 143.171
90.2 39.1 42.303 130 58.5 157.28
90.5 382 38.394 131 571 149.16
91.4 39.7 43.474 132 60.5 173.053
91.8 38.6 30.958 135 60.5 166.408
92.1 40.1 39.75 137 62.1 182.86
9.5 39.9 44 81 141 64.3 224 986
93.8 38.2 39.39 141 63.9 199.122
94 40.2 39.075 141 63.2 186.576
94.1 40.8 39.747 143 66.7 214.389
945 39.5 45.246 147 67.1 248 785
94.6 40 42.066 147 67.3 241.996
95 41.2 48.548 147 66.2 216.37
95.1 42.2 52.004 147 67.1 240.525
955 40.1 41.946 148 67.3 236.687
96.5 40.5 42117 152 722 262.951
97 433 57.77 153 68.2 275.132
97 42.2 53.611 153 68.4 260.013
97.5 423 53.643 156 65.2 215.703
97.5 40.5 42.009 157 71.1 259.608
97.6 42.1 51.94 158 72.1 295.73
97.7 40.2 46.55 159 71.8 292.03
98.2 42.5 50.338 167 743 270.827
98.2 42.1 49.8




TABLE 4.6.

P. pelagicus females carapace width/carapace length - body weight data.

CwW CL Weight CW CL Weight

80.2 34.0 25822 95.0 392 39652
81.0 344 25701 951 411 47 596
823 351 27.582 953 402 45,425
2.5 350 30206 953 40 R 50347
83.0 357 30.984 95.4 394 41.134
{33 334 27.821 96.0 40.5 44 358
834 34.8 29,540 926.1 406 44242
837 345 28 238 96.6 41 8 52 251
84.0 351 29,093 96.7 408 45473
{4 0 34.2 29 463 976 40 8 48 170
84.1 35.6 32.608 982 41.5 49.646
842 35.1 31325 29 0 415 47.725
842 35.7 30.701 99.0 407 44.450
84 4 36.5 34 451 99 9 432 54 522
84.4 34.1 30.926 100.0 422 47,653
{84 7 342 28160 101.1 42.5 54 6355
85.0 362 30.505 1024 425 55.240
{53 355 31789 103 .0 450 64 616
854 335.5 31.722 1031 44.5 58.131
85.6 357 30.176 103 8 432 54 180
856 359 32516 104.1 44.8 63.076
871 356 31.845 104 7 44 5 61.235
87.5 36.8 30017 1049 44.1 63.302
]75 37.1 34.027 1051 432 55 807
87.6 362 33287 105.4 445 65.602
882 375 35.291 108 1 46 3 63 161
882 36.7 35.256 1100 47.5 62.496
{83 37.1 35802 1100 46.1 62 130
889 382 39.037 111.0 462 71.274
{90 369 34.150 1112 461 67184
89.1 372 37.405 1114 472 71.541
9.1 372 36109 112.0 465 51.299
89.1 382 40.268 1132 488 87.428
893 36.8 35.409 114.0 495 70712
896 38.7 37.799 114.0 48.1 771.756
{07 371 38 893 1149 48 8 78 341
89.8 42.8 49.806 1158 50,5 91.470
899 378 40 338 117.0 505 {7.834
90.0 37.5 37.103 117.1 49 8 80.132
920 .1 3717 38.626 1171 48 8 74630
90.3 381 37.567 119.0 510 94,367
90 8 371 39421 120.0 525 82 8353
909 382 36.455 121.0 544 115086
912 37.7 33417 122.4 5333 102380
921 38.7 41,092 1400 641 182.770
927 391 43 548 143 0 627 152 457
932 39.1 41.756 144.0 62.4 180.606
932 382 41.862 149.0 658 2035 887
936 39.1 42981 152.0 66.8 190,457
93 8 39 1 42 258 1550 741 254 590
94.1 39.3 42,436 157.0 71.1 254 154
942 394 42 096 161.0 73 .8 270,401
94.7 392 42.561 173.0 766 317.256

CW=carapace width in mm; CL=carapace length in mm; weight in g.




TABLE 4.7.

Average and SD of cara
in different size groups

of P. sanguinolentus juveniles.

pace width, carapace length and total weight

Size N Carapace Carapace Weight
S1.No. group width length ®

(mm) (mm) (mm)
1 30-35 13 32.1+1.61 14.6 £ 0.20 2.48 £ 0.96
2 35-40 15 37.5+1.60 16.8 + 0.63 3.16 £ 0.55
3 40-45 12 42.1+£1.29 18.4 + 0.60 4.46 £ 0.61
4 45-50 11 47.6+1.43 2124052 6.17+0.29
5 50-53 13 52.7+147 23.5+0.68 8.36+1.01
6 55-60 17 369+156] 253+098 11.09+0.81
7 60-65 23 62.6 +1.53 27.1+1.42 1421+162
8 65-70 23 67.7+151 290+165 17.51+134
9 70-75 24 723+154 ] 30.9+091 21.17+2.01
10 75-80 22 77.1+144 33.0+0.74 2557+ 1.60

TABLE 4.8.

Average and SD of cara
in different size groups

pace width, carapace length and total weight
of P. sanguinolentus males.

Size N Carapace Carapace Weight
S1.No. group width length )

(mm) (mm) (mm)
1 80-85 9 8254 +164 | 3525+103 | 30697 + 356
2 85-90 7 87.66 + 1.90 37.00+1.45 | 38.714 + 5.05
3 90-95 6 91.97 +1.66 3907224 | 45525 +£11.29
4 95-100 4 97.30 +1.81 41.23+0.88 | 54.460 + 0.43
S 100-105 3 10257+ 191 | 4293+297 62,656 £ 558
6 105-110 5 10678 + 1.41 | 4510+ 0.73 76.495 + 2.35
7 110-115 7 11241+£1.77 | 4557136 90.638 + 4.56
8 115-120 3 117.37+1.48 | 4897 +0.42 91.944 + 7.08
9 120-125 7 12149+ 153 | 5046+ 1.71 | 109218 + 645
i0 125-130 7 12643+ 1.62 | 53.26+1.53 | 126.188 + 926
11 130-135 10 13190+ 1,37 | 57.24+278 | 142576 + 9 55
12 135-140 8 136.38 £ 1.51 | 57.00+2.01 [151.400 + 14 71
13 140-145 9 142,11 £127 | 59.42+1.24 |165.155 + 10.80
14 145-150 o 14683+ 1.83 | 61.17+1.41 185.173 £ 14.99
15 150-155 4 152,50 + 1,91 61.85+1.82 192,404 + 2250




TABLE 4.9.

‘

Average and SD of carapace width, carapace length and total weight
in different size groups of P. sanguinolentus females.

Size N Carapace Carapace Weight
SI.No. group width length (€9)

(mm) (mm) (mm)
1 80-85 6 81.65 £0.77 [34.42+232| 27794 + 0.74
2 85-90 4 8772 £0.98 [37.20+0.91| 40.483 + 3.50
3 90-95 8 9203 £0.59 [39.40+0.89 | 42.557 + 4.45
4 95-100 4 98.18 090 |42.15+2.11| 53.530 + 5.03
5 100-105 4 101.90 £ 1.59 | 43.70+0.65 | 59.132 + 3.27
6 105-110 4 10722+ 0.84 | 46.20£0.29 | 72.590 + 2.02
7 110-115 6 11233+ 1.15 [ 4757+ 131 ] 73.056 + 10.78
8 115-120 11 116.65+1.59 | 50.00+0.98 | 91.784 + 885
9 120-125 6 122.10+2.02 | 52.32+1.93] 96.540 +11.31
10 125-130 5 12771£1.25 | 5484+2.68 | 118.893 + 8.93
11 130-135 4 131.50£2.12 | 56.38+1.32 ] 124.563 + 9.56
12 135-140 8 13733 +0.58 | 58.43 £ 0.31 | 136.691 + 0.75
13 140-145 2 141,50 £2.12 | 60.60 £0.71 | 143.147 £+ 13.51




 TABLE 4.10

-Average and SD of carapace width, carapace length and total weight
ln different size groups of juveniles of P. pelagicus.

. size Carapace Carapace Total
2481 No group No. width length weight
(mm) (mm) (mm) &)

1 30-35 5 324+0.97 14.7+0.15 2.08+£0.16
2 35-40 5 37.8 £ 1.13 17.3 £ 0.94 339+0.34
3 40-45 6 426+ 175 18.9+0.41 4.08+0.40
4 45-50 9 46.7 + 1.33 20.8 +1.05 5.50+0.54
5 50-55 8 53.0+1.51 23.9+0.70 9.79 + 0.64
6 55-60 17 57.6 £1.45 253+1.03 10.58 £ 0.97
7 60-65 14 62.9+148 27.1+1.55 12.83 +1.56
8 65-70 31 67.5+1.51 287 +0.71 16.07 £1.36
9 70-75 23 71.8+ 136 30,6 176 19.41 £ 2.05

£ 10 75-80 33 77.6 £1.52 33.2+0091 23.72+1.81

TABLE 4.11.

- ‘Average and SD of carapace width, carapace length and total weight

~in different size groups of P. pelagicus males.

Size Carapace Carapace Total
SI. No. group No. width length weight
(mm) (mm) (mm) ()]
1 80-85 18 82.69+1.25] 3550+235( 2943+ 3.12
2 85-90 17 87.44 +£1.52 36.21+1.94 32,69+ 5.04
3 90-95 19 91.80+ 167 39.61+099] 4144+ 505
= 4 95-100 21 97.30+ 1.46 4191 +1.41 50.03 + 4.58
h 5 100-105 10 101.99+1.58] 43.59+194] 5599+ 2381
6 105-110 6 10727164 4587+121| 6193+ 3.28
7 110-115 8 111.75+1.91| 4830+1.76] 78.92+11.76
8 115-120 10 11812 £2.77| 51.34+4.13| 101.25+28.17
9 120-125 7 12214 £ 146 54.48+124] 111.76 = 0.34
10 125-130 6 12683 £ 1.17| 55.78 £ 1.10| 138.00+ 11.67
11 130-135 5 131.20 + 0.84 58.44+192] 159.83+12.15
12 135-140 4 137.00 + 1.63 61.60+£0.74] 17726+ 9.40
13 140-145 9 141.33 £ 0.87 64.83 + 1.34] 202.15+13.42
14 145-150 5 14720 £ 045 67.02+0.47] 236.87 + 12.27
15 150-155 4 15250 £0.58] 69.55+1.84] 266.03+ 8.02
16 155-160 4 157.60 + 1.14]  70.05+3.26| 282.46+ 19.87




TABLE 4.12.

Average and SD of carapace width, carapace length and total weight

in different size groups of P. pelagicus females.

Size Carapace Carapace Total
Si. No. group No. width length weight
(mm) (mm) (mm) )
1 80-85 24 83.01+1.54 3503+£1.00] 29.54+ 233
2 85-90 27 87.48+ 1.64 36.79+0.88] 34.84+ 326
3 90-95 18 92.33 £ 1.69 3878+ 1.19| 40.04+ 3.00
4 95-100 14 96.88 + 1.63 40.86£0.99| 46.80+ 4.08
5 100-105 8 102.72 £ 1.76 43.60+1.13| 5784+ 487
6 105-110 4 107.46 + 1.65 4478+ 1.29| 61.48+ 524
7 110-115 10 112.59 + 1.71 4748+ 1.27| 72.04+ 7.56
8 115-120 8 116.86 + 1.32 4985+ 0.81| 87.85+10.49
9 120-125 4 121.71+ 1.43 53.28 £0.82| 100.68 + 13.26
10 125-130 6 126.57 £ 1.62 56.43 £3.27| 114.09 £22.28
11 130-135 4 131.50 £ 1.29 58.28 + 1.86] 149.46 + 32.93
12 135-140 7 137.00 + 1.55 61.33 +3.63] 159.84 £ 19.37
13 140-145 14 141.86 £ 1.35 62.59+£2.11| 177.17 + 23.62
14 145-150 9 147.50 + 1.44 64.63 +2.06] 205.78 + 26.83
15 150-155 6 151.59+1.59 65.53+£2.13| 207.04 + 9.21
16 155-160 7 156.55+1.71 70.67 + 1.80( 254.62 +19.72
17 160-165 3 161.33 +1.21 71.03 £3.22]257.27 + 15.46




TABLE 4.13. a
Regression output for the carapace width/ cara&ce length - body weight
relationship in P. sanguinolentus.

Carapace width-Body weight Carapace length-Body weight

Juveniles Males Females Juveniles Males Females
Constant -4.29131] -4.440683| -4.181464 -3.25558] -3.400819] -3.081659
Std Errof Y 0.042079 0.041625 0.038951 0.046499 0.033158 0.049066
Est
R Squared 0.974328 0.977131 0.964351 0.968513 0.985488 0.943433
No. of 97 86 84 97 86 84
Observations
Degrees of 95 84 82 95 84 82
Freedom
X 3.026118 3.099690 2.960443 3.074684 3.171573 2.953153
Coefficient(s)
Std Err of 0.05396 0.051739 0.062856 0.056748 0.041991 0.079855
Coef.
TABLE 4.14.

Regression output for carapace width/carapace length - body weight relationship
in P. pelagicus.

Carapace width-Body weight Caﬁ)ace length-Body weight
Juveniles Males Females Juveniles Males Females

Constant -4.045736| -5.494555| -4.786672 -3.32701| -3.453287| -3.051902
Std Err of Y Est 0.033190 0.056404 0.037444 0.038336 0.052617 0.027985
R Squared 0.931881 0.970253 0.976566 0.90912 0.974113 0.986910
No. of 95 111 106 95 111 106
Observations

Degrees of 93 109 104 93 109 104
Freedom

X Coefficient(s) 2.873327|  3.616762] 3.252738| 3.106021 3.178652| 2.931174
Std Err of Coef, 0.080555{ 0.060656] 0.049408] 0.101831( 0.049631| 0.033101




TABLE 4.15.

Linear and parabolic relationship of carapace width/length and weight

in P.sanguinolentus.

Measurements

Logarithmic equation

Parabolic equation

Juveniles

Carapace width and weight

Log W= -4.2913+3.02612 Log L

W= 0.0000511 139212

Carapace length and weight

Log W= -3.2556+3.07468 Log L

W= 0.0005552 1.307%8

Adults (males)

Carapace width and weight

Log W= -4.4407+3.09969 Log L

W= 0.0000362 139

Carapace length and weight

Log W= -3.4008+3.17157 Log L

W= 0.0003974 L31"1¥7

Adults (females)

Carapace width and weight

Log W= -4.1815+2.96044 Log L

W= 0.0000658 1250

Carapace length and weight

Log W= -3.0816+2.95315 Log L

W=0.0008287 L>***!°

TABLE 4.16.

Linear and parabolic relationship of carapace width/length and weight

in P.pelagicus.

Measurements

Logarithmic equation

Parabolic equation

Juveniles

Carapace width and weight

Log W= -4.04573+2.87333 Log L

W= 0.0000900 L>¥73%

Carapace length and weight

Log W= -3.32701+3.10602 Log L

W= 0.0004709 131962

Adults (males)

Carapace width and weight

Log W= -5.49455+3.61676 Log L

W= 0.0000032 L3017

Carapace length and weight

Log W= -3.45328+3.17865 Log L

W=0.0003521 317365

Adults (females)

Carapace width and weight

Log W= -4.78667+3.25274 Log L

W= 0.0000163 L>%?"

Carapace length and weight

Log W= -3.05190+2.93117 Log L

W= 0.0008874 L%V




TABLE 4.17.

Sum of Squares and Products, Corrected Sum of Squares and Products, Regression Coefficients
and deviation from regression and Analysis of Covariance of carapace width and weight data of

males and females of P. sanguinolentus.

Sex N SX SY sx? SY? SXY

Males 86 177.7408 169.0428 367.9938 338.6373 351.3761

Females 84 171.0402 155.1118 348.6549 289.9148 316.9745

Sum of Squares Errors of estimate

Sex D.F. X’ v’ Xy B D.F. S.S.

Males 85 0.6474 6.3644 2.0063 3.0990 84 0.1469

Females 83 0.3841 3.4902 1.1370 2.9604 32 0.1245

166 0.2714

Pooled 168 1.0315 9.8546 3.1433 3.0473 167 0.2760
Source of Degrees of Sum of Mean Observed F 5%F
variation freedom Squares Square

Deviation from 166 0.2714 0.001635

individual regression

with in sexes

Difference between 1 0.0046 0.0046 2.1835%* 3.90

regression

Deviation from average 165 0.276

regression

* not significant at 5% level.

S§X, SY = Sum of logarithmic values of C.width and weight respectively;

SX%,SY? and SXY = Sum of Squares and Products;

D.F. = Degrees of freedom; x°,y*,xy = corrected Sum of Squares and Products;

B = regression coefficient; S.S. = Sum of squares



TABLE 4.18.

Sum of Squares and Products, Corrected Sum of Squares and Products, Regression Coefficients
and deviation from regression and Analysis of Covariance of Carapace width and weight data of
males and females of P.pelagicus.

Sex N $X SY sx? SY? SXY
Males 111 224.2796 201.2703 454.0299 376.6155 | 409.8015
Females 106 211.7165 181.2710 423.4411 316.2149 | 363.9255
Sum of Squares Errors of estimate
Sex DF. X vy Xy B DF. S.S.
Males 110 0.8647 11.6629 | 3.1274 3.6167 109 0.3519
105 0.5743 6.2227 1.8683 3.2527 104 0.1448
213 0.4967
Pooled 215 1.4390 17.8856 | 4.9957 3.4716 214 0.5423
Source of Degrees of Sum of Mean Observed F | 5%F
variation freedom Squares Square
Deviation from 213 0.4967 0.002332
individual regression
with in sexes
19.5540* 3.87
Difference between 1 0.0456 0.00456
regression
Deviation from average 214 0.5423
regression

*  significant at 5% level.
SX, SY = Sum of logarithmic values of C.width and weight respectively,
SX?,8Y? and SXY = Sum of Squares and Products;
D.F. = Degrees of freedom; x*,y* xy = corrected Sum of Squares and Products;
B = regression coefficient; S.S. = Sum of Squares



weight in g

50 —

W = 0.0000611 | 3-02612 S,
40 -

30

10

0 I I ! | ! 1
30 40 50 60 70 80 90

carapace width in mm

100

crab weight in g
5

3.07468
W = 0.00056552 L

T

30

T

25

101

10 20 30
carapace length in mm

© observed wt — expected wt

). 4.1. P sanguinolentus juveniles.
A - Carapace width - body weight relationship;
B - carapace length - body weight relationship.

40



weight in g A

3.09969
W = 0.0000362 L

200
150
100

50

70 90 110 130 150
carapace width in mm

weight in g B
250 :

3.17157
200 W = 0.0003974 L

150
100

50

30 40 50 60 70
carapace length in mm

© observed weight —— expected weight

4.2. Pp Sanguinolentus males,
A - Carapace width - body weight relationship;
B -carapace length - body weight relationship.



weight in A
200 g

|
i 2.96044
W = 0.0000658 L

150"{-

T

100

50

{

70 90 110 130 150
carapace width in mm

weight in g

200

2.95315 o

150 - W = 0.0008287 L o

100}

T

50

o [— 1 1
30 40 50 60 70

carapce length in mm

© observed weight —— expected weight

9. 4.3. A - P. sanguinolentus females. Carapace width - body weight relationship;
B -carapace length - body weight relationship.



weight in g A
0

2.87333
25+ W = 0.00009 L

20 -

o L 1 f i

50 60 70 80
carapce width in mm

0 weight in g B

25 3.10602
) W = 0.0004709 L

20

16

o H L
20 25 30 35
carapace length in mm

© observed weight —— expected weight

. 4.4. P pelagicus Juveniles.

A - Carapace width - body weight relationship;
B - carapace length - body weight reationship




weight in g

400

300~

200

T

100

3.16676
W = 0.0000032 L /

i L

90 10 130 150 170
carapace width in mm

weight in g

350

T

300

250+

T

200

T

150

100

50

T

3.178655
W = 0.0003521 L

o
20

Yig. 4.5.

30 40 50 60 70
carapce length in mm

© observed weight — expected weight

P. pelagicus males.
A - Carapace width - body weight relationship;
B -carapace length - body weight relationship.

80

52

of

Y,

re

w



weight in g

350

300+

7

250

T

200

150

100 -

T

50

3.25274
W = 0.0000163 L

carapce width in mm

weight in g

350

300

T

250

200 -

T

150

T

100

S0+

L3-17865

W= 00003521

30

40 50 60 70
carapace length in mm

©  weight — expected weight

éig. 4.6. P. pelgicus females.

A - Carapace width -body weight relationship;
B - carapace length - body weight relationship.

80

52

ing of
turity,
ction,

ilture

s are
1947,
1970,
utler,
942),
991),
ectus
Uca
940;
land
89a,
194),

irth,

1P

1€se



Chapter V
REPRODUCTION




52

REPRODUCTION

INTRODUCTION

Studies on the reproductive biology are important for a better understanding of
mnual regeneration of stocks. Reproductive parameters such as size at first maturity,
;awning frequency, fecundity and recruitment are of great value in fishery prediction,
gormulation of management strategies and to increase production through aquaculture

;Iactices (Bal and Rao, 1984).

Extensive researches on the reproductive biology of several brachyurans are
;wailable. Some of the important studies are on Callinectes spp. (Cronin, 1942, 1947,
Van Engel, 1958, 1990; Johnson, 1980; Haefner, 1990), Chionoecetes spp.( Watson, 1970;
zBrown and Powell, 1972; Adams, 1982; Beninger et al., 1988), Cancer spp. ( Butler,
§E960; Haefner, 1976; Edwards, 1979; Shields et al., 1991), Carcinus spp. (Spalding, 1942),
E'haceon spp- (Erdman and Blake, 1988; Hines, 1988; Attrill and Harnoll, 1991),
E%lralithodes spp.( Gray and Powell, 1966), Inachus spp. (Diesel, 1989), Bathynectus
itperbus (Lewis, 1977), Sesarma spp. (Seiple and Salmon, 1987, Emmerson, 1994), Uca
gp (Emmerson, 1994), Ocypoda quadrata (Haley, 1969), Scylla serrata (Arriola, 1940;
i%?tampador, 1949; Hill, 1980, 1994; Hill et al., 1982; Williams and Hill, 1982; Hyland

al., 1984; Haesman et al., 1985; Sheeba, 1988; Prasad and Neelakantan, 1988, 1989a,

‘9b, 1990; Jeyalectumi and Subramoniam, 1989; Robertson and Kruger, 1994),
' rybdis spp. (Sumpton, 1990, 1990a; Padayatti, 1990), Paralomis granulosa (Hoggarth,
;3; Lovrich and Vinuesa, 1993), and Necora puber (Gurriran and Freire, 1994).

Notwithstanding the commercial importance of Portunus sanguinolentus and P.
vgicus in their distributional ranges, the information on the spawning biology of these

55:'3;, is rather fragmentary and limited to the works of Stead (1898), Delsman and De
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‘,' ( 1925), George (1949), Thompson (1951), Menon (1952), Prasad and Tampi
3, 1954), Chhapgar (1956), George and Nayak (1961), Rahman (1967), Ryan (1967,
: 7a), Chandran (1968), Al-kholy and El-Hawary (1970), Pillay and Nair (1970, 1971,
1a, 1976), Radhakrishanan (1979), Aruldhas et al. (1980), Sukumaran et al. (1986),
‘f:pton et al. (1989a, 1994), Campbell and Fielder (1986), Reeby et al. (1990, 1990a),
} Jacob et al. (1990). Most of these studies are only brief accounts on some aspects
slative growth, sexual maturity, maturity stages, sex ratio, mating behaviour, fecundity
spawning from various regions. The present study gives a fairly comprehensive
wnt on the reproductive biology of Portunus sanguinolentus and P. pelagicus from the

mataka coast on the central west coast of India.

). MATERIALS AND METHODS

Portunus sanguinolentus and P. pelagicus caught by different gears were sampled

k Mangalore, Malpe and Karwar fish landing centres on a regular basis. In the

fratory, the samples were washed thoroughly to remove mud, sand and other epizoic

fs. After sexwise sorting, the samples were analysed for carapace width, weight, sex

§maturity conditions.

Altogether 12,285 P. sanguinolentus and 7,152 P. pelagicus were analysed for the

nt study.

Crabs were classified as juvenile if the abdominal flap was firmly attached to the

(Van Engel, 1958).

Moult condition was determined and grouped into the following three stages based
: he degree of hardness according to the subjective system developed by Hiatt (1948)

followed by Sumpton et al. (1989a).
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New cuticle formed beneath carapace. Integument partially rigid but
easily depressed.

Branchiostegite and sternite flexible, no cuticle beneath carapace;
completely flexible.

%}Intermoult : Branchiostegite and sternite inflexible, completel

y rigid (completely
sclerotized).

Sex was differentiated by the abdominal shape. The abdomen is narrow and

erted V shaped in males (Plate 3), while it is triangular in immature females, Adult

;males are identified by the broader abdominal flaps (Plate 4). It was difficult to

fillerentiate sex in smaller crabs measuring less than 30 mm as the shape of the

dominal flap is more or less similar in both sexes. However, sex was differentiated

Wven in crabs measuring 20 mm or less by the marginal variation noticed in the

Wdominal flaps in males and females.

' 1. Maturity stages

The gonadal developmental stages were ascertained by the following methods:

By gross examination of gonads.

By studying the ova diameter frequency distributions.

In the first method, for describing the gross maturity stages of ovary, the five

e classification given by Aruldhas e al. (1980) and Prasad and Neelakantan (1989b)

modified to seperate "immature virgins" from the ovaries immediately after spawning.

ke following stages were recognigsed. 1) Immature virgins, 2) immature resting 3) early

ﬁturing, 4) late maturing, 5) mature and 6) spent. A few ovaries belonging to each stage

t}e examined microscopically for size of ova and the extent of yolk deposition.
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Male gonad of 3,077 P. sanguinolentus and 2,252 P. pelagicus were examined.

maturity in male crabs was determined based on the thickness and colour of vas

In the second method, the oocyte diameter measurements were taken from ovaries

ilonging to various developmental stages and oocyte size frequency polygons were

kndltlon (Clark, 1934; Prabhu, 1955). The colour and general appearance of gonads were
ted down in the fresh condition. For ova diameter studies preserved crabs were used.
! diameter of each ova was measured along the horizontal axis by using an ocular

Bicrometer, fitted to a microscope, which was calibrated using a stage micrometer (each

?)ova were measured from the immature ovary, 200 from the early maturing, and 300
:

E)m the late matunng and mature ovaries.

In order to bring out the natural sequence of maturity stages which the ova
iss through before becoming fully mature, the ova diameter measurements taken from

[dmdual ovaries were classified according to the size frequency distribution of ova and

k position of the mode of the most mature groups of ova as suggested by Devaraj

777). Ova diameter polygons belonging to the same developmental stage were pooled

dthen reduced to the basis of 100, 200, and 300 depending upon the stage of maturity.

The gonadosomatic index (GSI) which is useful in determining the reproductive
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calculated by the following formula:

GSI = weight of the gonad/weight of the crab x 100

jin of carapace.
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z chelar propodus length (Ch L) from the tip of the propodus fixed finger to the base

s propodus.

5 chelar propodus depth (Ch D) across the widest region of the cheliped palm.
men width (Ab W) across mid-line of the fourth segment.

- omen length (Ab L) along the mid-line from the frontal margin of the first segment

e posterior margin of the last segment of abdomen.

Regression equations were calculated assuming an allometric growth equation,

a + bx, where, X = carapace width/length, and Y = abdomen width or

Ghil - s

égth/propodus length or propodus depth as the case may be. In order to determine the

i

Liki

S&stant 'b’ all data were transformed into logarithms and regressions performed

§u1pson et al., 1960).

&
o

The correlation coefficients (r) were employed to know the relatiohship between

Eidomen/propodus and carapace dimensions.
33 Spawning season, spawning frequency and spawning ground

In the present study, the preponderance of the fully mature and spent females,

ghvalues of GSI and the occurrence of ovigerous females in the monthly samples were
%ﬁnsidered for determining the spawning season, the frequency of spawning and the

Ming ground.

To determine the time of hatching, the developmental stages of eggs on

Eopods were grouped into one of the following three stages based on gross examination.

, No embryonic structure visible, eggs lemon yellow in colour.

i

1

Eye spot with a small amount of yolk, eggs light grey in colour.

Prominent eye spots; chromatophores well developed; larvae ready to hatch;

G

i

eggs dark grey in colour.
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Sex ratio

The sex ratio of the adult population was studied as there was no apparent variation
atio in juvenile crabs. All crabs measuring 80 mm CW and above were considered

t for the present study. The overall sex ratios were tested using the chi-square.

Fecundity

Fecundity studies were made on the basis of the extruded eggs on pleopods. After
g the carapace width, the crabs were blotted dry and weighed along with the
k. Then the whole eggmass was carefully removed from the pleopods and weighed
kccuracy of 0.001 g using an electronic balance after removing the excess water |
le eggmass with the help of a blotting paper. A sample of eggs was taken and
K accurately, and the number of eggs in the weighed sample was counted using a
g chamber under a binocular microscope ( 27 X). Then the fecundity was computed

loying the following equation:

weight of the eggmass
_ BT IEC e x no . of eggs in the known sample

weight of the known sample

f he relationship between carapace width and eggmass weight/ fecundity, and crab
dnd eggmass weight/ fecundity, and eggmass weight and fecundity were determined

$ssion analysis.

;& index was found out using the following formula:

) mean eggmass weight
Anass index = ---------nmemmoeees oo x 100
' mean crab weight

Mating period

3t is generally difficult to ascertain the peak mating season of crabs in the natural
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lation. Even the incidence of females with recently implanted spermatophores was low
t)samples. Whatever the knowledge we have on the mating behaviour of these crabs
psentially based on observations made under aquarium conditions. Since mating takes
Ebetween hard-shelled male and a soft-shelled female in portunids ( Hartnoll, 1969)
fmoulting is closely associated with reproduction, the mating period could be determined
1 the occurrence of soft females. Accordingly, 5,280 females belonging to both the

ks, measuring 80 mm CW and above were analysed for soft females to ascertain the

g period.
] Reproductive potential

~ To estimate the reproductive potential for each size class, taking into consideration
mriations observed with regard to the egg carrying capacity as well as the percentage
males in berry in different size groups, an index of class reproductive potential was

mined based on the following method suggested by Kanciruk and Herrnkind (1976):

index = (AB.C)/D,
E, A = % of females in class/ tota] females,
B = Propensity of size class to carry eggs (% of females
in berry in the size group),
C = Egg carrying capacity of size class female (mean fecundity of size

group),
D = Constant (47.6 for P.sanguinolentus and 27.2 for P.pelagicus).

The constant, D was chosen to set the 130-140 mm class’s index in P, sanguinolentus
-150 mm class’s index in P. pelagia;s to 100 as the standard. For example, the
‘fi mm class in the former species which make up 5.9 % of all females analysed at 80
;,n above, has a 10.9 % propensity to carry eggs, and when gravid, a female in the

earries approximately 7.4 x 10° eggs. The calculated index is = (0.059 x 0.109) x
1) / 47.6 = 100.
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Treated in this manner, a size class-index of reproductive potential was calculated for

winolentus and P. pelagicus.

RESULTS AND DISCUSSION
MATURITY
Maturation process in female

1. Structure of adult ovary

The ovary in both the species is paired and approximately H-shaped in form (Fig.
lies dorsal to hepatopancreas and extend posteriorly upto the narrow abdomen along
de of the hind gut. Anterior to heart, the ovaries join at a commissure just posterior
stomach, with lobes that extend anteriolaterally around the gastric region and into
pthorax on each side. Spermathecae, which arise from the mid lateral portion, extend

ly to gonopores that open on the sixth thoracic somite.

. Maturity stages of ovary ( gross examination)

n the present study, the following six stages of maturity have been recognised in the

development in P. sanguinolentus and P. pelagicus.

Inmature virgins (Stage I) : The ovary is colourless, thread-like.

zfhnmature resting/intermediate  (Stage II): After ovulation, ovary return to
gimmature stage before rematuration. The ovary in this stage is thick and
;%ranslucent or yellow orange or brown orange or brown tan in colour. Crabs
;iaving broader abdominal flaps with immature ovary and measuring 100 mm

§W and above are included in this stage.

;’Earlv maturing (Stage III) : The ovary is slightly enlarged and characterised by an

vory or yellow colour.
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iLate maturing (Stage IV) : The ovary at this stage is swollen with pronounced
1

lobulations often obscuring the antero-lateral portions of hepatopancreas. Colour

varies from yellow to orange.

Mature (Stage V) : Mature ovaries are deep orange in colour and the greatly swollen
anterior lobes completely obscure the underlying hepatopancreas and extend into the

Ravailable space in the haemocoel.

pent (Stage VI) : The ovary is very flaccid and ivory or yellow orange or tan in

dcolour.

Maturity stages in female (by microscopical studies)

On the basis of ova diameter frequency analysis of P. sanguinolentus and P. pelagicus
bitrary stages were recognised and designated serially A to I (Figs. 5.3S and 5.3P).

’ description of the stages is given below.

Clusters of primary/young oocytes present.
Htage A: Mode at 3.03 um . No ova beyond 4.4 pm.
fStage B:  Mode at 3 - 4 um. No ova beyond 8.08 pm.

?aturing

Oocytes with clear nucleus and are in various stages of development.

'ﬂgﬁtage G The mode of the most mature group of ova is 6.1 - 7.1 um. No ova

beyond 11 pm.

Stage D : The mode of the most mature group of ova is between 9.1 - 11.0 um
' and no ova beyond 18 um. In P. sanguinolentus, another secondary

mode at 5.05 um also noticed.
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maturing

Many of the oocytes in late phases of vitellogenesis and exhibit a granular

e due to the accumulation of yolk granules obscuring the nucleus completely.

Stage E: The mode of the most mature group of ova is between 13 - 15 um. No

ova beyond 23 um. A minor mode at 7 um seen in P. pelagicus.

Stage F : The mode of the most mature group of ova is between 18 - 22 pum and

a minor mode between 5-7 um. No ova beyond 32 pum.

ire

Ovary is dominated by mature ova which are granular in apprearance as the oocytes

nmpletely filled with yolk material.

Stage G : The mode of the most mature group of ova between 23-25 pm and
separated from the succeeding group of ova by a deep trough. The

mode at 7 um showed no sign of development. No ova beyond 38 um.
Stage H:  The mode of the most mature group of ova between 29- 34 um. The

minor mode at 7 um of Stage G became insignificant. No ova beyond

47 pm.

Mature unspawned ova undergoing resorption are often present.

Stage I : No clear modes. No ova beyond 27 um.

h a number of crustaceans the ovary goes through changes in colour and size

oocyte development (Sastry, 1983). Development stages have been assigned by
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“mt authors based on oocyte size, colour, or ovary size to determine the
ﬂuctive condition in several brachurans ( Conover, 1967; Haefner, 1977, Aiken and
y, 1980). Five stages have been recognised in the development of ovary in P. pelagicus
uldhas et al. (1980), and in Scylla serrata by Prasad and Neelakantan (1989b), whereas,

ton et al. (1989a, 1994) described four maturity stages of ovary in P. sanguinolentus.

.. Maturation process in male

11.  Structure of adult testis (gross examination)

- The male reproductive system consists of a pair of testes and vas deferens (Fig. 5.2B).
;aired testes are slender, white convoluted tubes interconnected medially by a
issure. The vas deferens extends from the posterior end of testes and pass through
oracic cavity and pereiopodal musculature of eighth thoracic segment where it ends

penile papillae on the coxae of the fifth periopod.

The vas deferens is divided into four regions, the proximal vas deferens, mid vas

pus, distal vas deferens and ejaculatory duct. The proximal vas deferens is tightly

and dull white in colour and lies anterior to the pericardial region. The milky white
deferens is loosely coiled and constituting the largest part of the system. The distal

blerens is transparent and highly convoluted partly extending into mascular ejaculatory

D). Maturity statges of testis

 Inmature (Stage I) : Testes and vas deferentia not clearly differentiated; gonad
small on either side of stomach; vas deferentia are thin, translucent straight
: tubes; spermatozoa absent. Gonad of males measuring below 80 mm CW were

:::in this stage of development.
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- Maturing (Stage II) : Testes and vas deferentia well developed. Testes are large
- coiled tube spreading laterally and posteriolaterally from the stomach. Vas
deferentia opaque or white coiled mass, about 0.5 -1.0 mmm thick extending to

both sides of heart. Spermatozoa present.

Mature (Stage III) : Testes showed further enlargement. Vas deferentia are

very much swollen, 2-3 mm thick and milky white mass extending to fill most body

cavity. Spermatophores present.

The development of testes was determined based on colour and thickness of vas

;éns. Four stages of vas deferentia development were observed by Watson (1970) in

loecetes opilio.

3.  Gonado-somtic index (GSI)

- The gonado-somatic index is widely used to study their reproductive cycle of fishes
Eell fishes (Giese, 1959; Giese and Pearse, 1974; Rahman, 1967; Chandran, 1968; Pillay
Ealr 1971; Ajmalkhan and Natarajan, 1977; Subramoniam, 1979; Radhakrishnan, 1979).
atermme the relationship between GSI and reproductive cycle, it was studied in
on of various maturity stages in P. sanguinolentus and P. pelagicus during different

It is seen that the GSI in females showed clear cyclic pattern with high values during

=
B
B
&

By-February in P. sanguinolentus and during September and J anuary-February in P.

(Figs. 5.4A and 5.4B) when the incidence of mature crabs were relatively high

20-5.22 and 5.26-5.28) and low values during other months.

vince the gonad index did not show any definite pattern in males (Figs. 5.4A and
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| the breeding potential of male could be assessed only by the morphological condition

lnad.

Sumpton et al. (1989, 1994) reported that male GSI values were highest in May

Lsting peak mating activity in the following months.

4. Size at sexual maturity

1. Size at sexual maturiy by gonad studies

| The percentage occurrence of mature crabs in relation to size is graphically plotted
lgs. 5.5- 5.8. It is seen from Fig. 5.5A and 5.6A that the 50 % level of maturity in
and females of P. sanguinolentus were 98 mm and 91 mm at Mangalore, 98 mm and
p at Malpe and 96 mm and 93 mm at Karwar. In P. pelagicus, these values were 106
id 89 mm, 105 mm and 106 mm, and 103 mm and 101 mm at Mangalore, Malpe and
r respectively (Fig.5.7A and 5.8A). The marginal variation in the size at maturity
ved in males and females at various centres may possibly be due to difference in
b rate or due to sampling variation. In order to arrive at a common value, the data
ted in respect of P. sanguinolentus and P. pelagicus from all centres were pooled

¢ and presented in Figs.5.5B, 5.6B, 5.7B, 5.8B.

From Figs. 5.5 -5.8, it is found that the smallest crab with fully mature ovary

red 78 mm and 82 mm in P. sanguinolentus and P. pelagicus respectively. However,
1% level of maturity was attained at a mean size of 92 mm in the former and 99 mm

latter species.

In males, the smallest mature crab measured 83 mm in P. sanguinolentus and 88 mm
tlagicus and the 50 % level of maturity was observed at a mean size of 97.0 mm in
mer and 105.0 mm in the latter species. At 130.0 mm cw and above, all males were

tature including crabs undergoing moult.
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Sumpton et al.(1989) found that the smallest sexually mature male and female P.

measured 83.0 mm and 73.0 mm respectively in the Australian waters. In a recent
| the same authors (Sumpton ef al., 1994) mentioned that most crabs of the species

Bm were sexually mature in the same area. Reeby et al. (1990) reported that the onset
?fplal maturity in male was at 81-85 mm cw in P. sanguinolentus and 86-90 mm cw in P.
Eus and the 50 % sexual maturity was at 100 mm in the former and 98 mm in the

Em the Karwar waters. Jacob et al. (1990) found that females of these two species

gsexual maturity at 81-85 mm cw and above.

g

Size at maturity by observing the smallest berried crab

The smallest berried crab also indicate the size at sexual maturity. It is seen that the

crab in berry measured 81 mm cw in P. sanguinolentus and 89 mm cw in P.

The smallest berried female of P. sanguinolentus observed by Menon (1952)

?ed 78 mm cw , whereas George and Nayak (1961) found that the smallest berried

S

neasured 84 mm cw at Mangalore. Radhakrishnan (1979) reported that the smallest

§

Eﬂ crab of this species measured 75 mm cw from Porto Novo waters. Thomas (1984)

bned that the smallest crab in berry measured 62.5 mm from Cochin, while
aran et al. (1986) found that the smallest ovigerous female measured 78 mm cw in

ath Kanara waters.

The smallest ovigerous female of P. pelagicus observed by Thompson (1951) from
'a, Prasad and Tampi (1953) from Mandapam, Pillay and Nair (1971a ) from
I t coast of India, Radhakrishnan (1979) from Porto Novo and Thomas (1984) from

easured 106 mm, 92 mm, 95 mm, 113 mm and 92 mm respectively.

Size at maturity by relative growth studies

nong brachyura, morphometric analysis has been used to study attainment of sexual
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(Sieple and Salmon, 1987; Atrill ez al., 1991; Lovrich and Vinuesa, 1993; Gurriran
ire, 1994). Within Portunidae, relative growth has been studied by Newcombe ez al.
Ryan (1967), Lewis (1977), Prasad and Neelakantan (1988a), Sumpton (1990)
;r (1990), Jacob et al. (1990) and Reeby et al. (1990).

the present study, an attempt has been made to analyse the morphometric data

fine growth patterns of male and female of P.sanguinolentus and P. pelagicus and to

@us length, carapace width and chelar propodus depth, carapace length and chelar
gdus length, carapace length and chelar propodus depth and chelar propodus length
é}he]ar propodus depth. The characters studied in females were carapace width and
Men width, carapace width and abdomen length, carapace length and abdomen width,

pace length and abdomen length, and abdomen width and abdomen length.

Morphometric characteristics of immature and mature males of P. sanguinolentus
P. pelagicus are given in Tables 5.1-5.4 and corresponding allometric equations are
rﬁarised in Tables 5.5-5.8. The length and depth of chelar propodus of P. sanguinolentus

" pelagicus are plotted against carapace width and carapace length in Figs. 5.9 -5.12.

growth variation of chelar propodus depth of these two species are plotted in relation

:tlar propodus length in Figs. 5.13A and 5.13B.

- The morphometric characters of immature and mature females of P.sanguinolentus

P. pelagicus are presented in Tables 5.9-5.12 and the corresponding allometric equations

fyect of immature and mature females of these two species are indicated in Tables

“ The relationship between the morphological characters in females of these species
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;shown in Figs. 5.14- 5.18. Morphological analysis revealed transitions in the cheliped

nsions and abdominal widths of P. sanguinolentus and P. pelagicus  (Figs. 5.9-5.18) .
often inferred that such transitions are related to prepubertal and postpubertal changes
lated with gonadal development and onset of sexual maturity (Hartnoll, 1982). The

nt study presents evidence that support such inference.
.
¢

The chelar propodus length of males of P, sanguinolentus and P. pelagicus exhibited
j@iﬁve allometry in both immature and mature crabs (Tables 5.6 and 5.8) and the mature
iﬂ)sshowed slightly higher levels of allometry as compared to immature ones. The present
!iyhas indicated that males of P. sanguinolentus and P. pelagicus may undergo pubertal
ault at a carapace width ranging between 80-85 mm as evident from the sudden increase

morphometric characteristics (Figs 5.9A, 5.9B, 5.11A, 5.11B).

Females of P. sanguinolentus and P, pelagicus, on the other hand, exhibited positive

pmetry of abdomen width and length against carapace width and length in immature and

gure crabs with a marked increase in size of abdomen at a mean size of 80-90 mm cw

bles 5.14 and 5.16, and Figs. 5.14-5.18),

The allometric relation between the set of characters studied suggested that the

ﬁonship was positive and significant as evident from Tables 5.14 and 5.16.

| In males, the general criterion of maturity is the vas deferentia contain large number
irmatophores. In addition, external morphological changes affecting the chelae in
‘ lar, coinciding with maturity, also occur at the "puberty moult". In females, in
t to males, maturity can not be determined from the condition of gonads as the ovary
x back to immature stage after spawning. Fortunately, the moult of puberty is much
prominently developed in females than in males, and can involve changes in features

: abdomen, pleopods and sternum.
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Sulkin (1977), Berrill (1982) and Smith (1982) opined that the size at which portunid
?s reach maturity may vary according to their geographical location. Such variations in

ésize at maturity was observed in the same species caught from different locations in the

g

?ent investigations as well as in the study made by several researchers from different
Eons (Thompson, 1951; Prasad and Tampi, 1953; Pillay and Nair, 1971a; Radhakrishnan,

;9, and Thomas, 1984). Even in the same locality, the size at maturity of individual crabs
i

the same species may vary because the pubertal moult occurs over a wide range of size.

?observed that the pubertal moult may possibly be delayed for a considerable amount

F3

hme when the breeding activity is low resulting marked variation in the size at which both

s mature.

20. SPAWNING
il Mating

it

According to Ryan (1967) mating appears to be initiated by a pheromone released

T

the ambient medium by the premoult female of P. sunguinolentus. Joel and Raj (1982)

Bried that males of several brachyurans carry mature peeler crabs for 2 to 3 days until

ale shed their exuvia. The female mostly moult during night and mating ensued the

Jequent day.

To determine the mating period, the moult data of adult females of P.sanguinolentus
. pelagicus sampled from Mangalore, Malpe and Karwar during different months is
ted in Figs. 5.19A and 5.19B. It is possible to deduce from Figs 5.19A abd 5.19B
ft females were available most of the months in varying proportions with maximum
nce  during December-March in P. sanguinolentus and April-May in P. pelagicus
ing peak mating activity during these months. Sumpton ez al.(1989a) reported that
May is the major mating period in P. sanguinolentus in the Queensland waters of

The same authors (Sumpton et al., 1994) found that May-June is the peak mating
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'u in P. pelagicus. According to Penn (1977) and Smith (1982) mating activity was

ftest during February-March in this species in the temperate waters of Australia.

Examination during the present course of study showed that ovary was neither mature
Em maturing condition in soft shelled females. This means that ovary was not mature
@e time of impregnation. While studying the reproductive biology of the portunid crab,
ﬁnectes sapidus from American waters, Van Engel (1958) reported that sperm can
gstored in spermathecae several months before fertilization of eggs takes place.
Bowmg impregnation two or three batches of eggs may be produced in this crab without
i&@tervening moult (Van Engel, 1958). This means, therefore, that the spermatozoa stored
&e female are probably sufficient to fertilize several batches of eggs. This may possibly
&ue of P. sanguinolentus and P. pelagicus also (see section 5.3.2.3. Spawning frequency).
Ehe marine populations of P. pelagicus, copulation can occur in autumn (December) at

;annual moult, with females storing sperms until following spring or autumn in the

iﬁalian waters (Smith, 1982).
22.  Spawning season

- The gonadal developmental stages of males and females of P. sanguinolentus and P.

gcus caught in different type of gears during different months and also in various size
g)s at Mangalore, Malpe and Karwar are presented in Tables 5.17-5.28 and Figs. 5.20
?E? The incidence of ovigerous females in P. sanguinolentus and P. pelagicus during

brent months and in relation to size at Mangalore, Malpe and Karwar are given in Tables

§5.32 and Figs. 5.28 and 5.29. Gonadosomatic index in respect of females of

uinolentus and P. pelagicus during different months is shown in Fig. 5.4A and 5.4B.

L Itis seen from Tables 5.20-5.22 that eventhough the spawning season is prolonged

November to May, peak activity was recorded during December-February in P.
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Juinolentus as evident from high incidence of mature and spent crabs along with

mum values of GSI during this period (Figs. 5.21 and 5.4A). The maximum abundance

Wigerous females during the above period was in accordance with the above observation

bles 5.29-5.30, Fig.5.28A).

. The recruitment of younger juveniles of P. sanguinolentus (20-50 mm cw) into the

gxy from October to July with maximum intensity in December-April suggests prolonged

edmg cycle of this species from August to May (see also chapter on Age and Growth).

In the case of P. pelagicus, the spawning activity was pronounced during
bmy-February and in September eventhough mature, spent or berried females were
Bable practically in all months from August to May (Tables 5.26-5.28, 5.31-5.32; Figs.
A, 5.23B, 5.23C) suggesting prolonged breeding in this species. Maximum values of GSI
eptember and January-February indicating peak gonad activity during these months
- 54B) was in conformity with the results obtained by the observation of gonadal

es/ovigerous females in this species.

In P. pelagicus, the recruitment of juveniles (50-80 mm cw) from November to April
maximum intensity during December-January suggests that the breeding activity is
nded over several months in this species as in P. sanguinolentus. However, the peak
ding observed in September and January-February from gonadal studies and ovigerous
es Was not reflected by intensive recruitment of younger juveniles (20-50 m cw) into

ishery during the subsequent months.

Menon (1952) while studying on the biology of P. sanguinolentus found that the
ies is breeding during February-April along the Malabar coast. George and Nayak
1) reported year-round spawning with peak activity during March-April along the

galore coast, while Chhapgar (1956) noticed that the crab is breeding throughout the
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m the Bombay area. Rao et al. (1971) observed that this species is spawning during
i’f ary-April in the Cochin waters, whereas, Sukumaran e al. (1986) mentioned that this

is breeding all through the season with maximum intensity in February and April-May

g the South Kanara coast. Ryan (1967) indicated that the Hawaiian population of this
EICS spawn year-round with a peak season from October to February. Pillay and Nair
ZEO, 1976) found that the breeding is almost continuous throughout the year except July
Epeak activity in February along the southwest coast of India. The same authors (Pillay
§Nair, 1976) observed high incidence of ovigerous females in the population with peak
%ebruary. According to Campbell and Fielder (1980), P. sanguinolentus displayed a single
i;ning_peﬁod extending from October to February in the Australian waters. In an earlier
iy, Sukumaran (unpubl.) has found that this crab is having a prolonged breeding with
Bs during April-May at Mangalore, December and April-May at Cochin, and during
:ge mber-January at Kakinada.

Bl
B

E: Stead (1898) has reported that the spawning season in Nepfunus (Portunus) in

&

Ega]ian waters is from August to November. Delsman and De Man (1925) have not

i ed any definite breeding period for Neptunus (Portunus) pelagicus in Batavia and
:kked that berried crabs occur throughout the year, whereas, according to Thompson
) the egg bearing season is from September to April in this species. Two peaks in the
nce of gravid females of P. pelagicus, one in September and another in February were
by Campbell and Fielder (1986) from the Australian waters. According to
t al. (1989), the presence of egg remnants on female pleopods of P. pelagicus in
bs indicates that some spawning occurred throughout the year in Moreton Bay,
In contrast, population of the same species from more temperate waters of
have shorter spawning periods extending from February to April (Sumpton ez al.,
e studying on the breeding biology of P. pelagicus, Prasad and Tampi (1953)

the species breeds throughout the year with maximum intensity during



73

imber-March in the Mandapam area on the southeast coasts of India. Rahman (1967)
‘oned that this crab is a continuous breeder with three periods of maximum gonad
;v in Novemver, January and June with greater activity during November-January along
Madras coast.  Pillay and Nair (1973) observed high gonad index in this species for
ral months from August to March with definite peaks during December-January along
Southwest coast of India suggesting peak breeding during that period. The same authors
ay and Nair, 1970, 1976), by following the incidence of ovigerous females observed that

? breedmg in this species is from August to April with peak in January. Dhawan et al.

m Madras during non-monsoon months. Sukumaran (unpubl.) in an earlier study,

ved a prolonged spawning period in this species from September to April with
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?ruary-March in Cochin and in March and September at Mandapam. The low proportion

ravid females and high incidence of females with inactive gonads (Stage I and Stage II)
certain part of the year ( during October-November and April-May in P.

Buinolentus and during April-June in P. pelagicus) indicate that these crabs do not spawn

round in the tropical waters along the Karnataka coast.
Spawning frequency

| The multimodal distribution pattern of ova diameter polygons is useful in studying
Aquency of spawning in several fishes (Clark, 1934; Prabhu, 1955; Devaraj, 1977). But
i present study, the unimodal distribution of ova in the Stages G-H (Figs.5.3S and 5.3P)
, es that P. sanguinolentus and P. pelagicus may release all mature eggs by a single
4 ing act. However, the occurrence of maturing and fully mature ovaries in several
us females during December-February in P. sanguinolentus and in January-March in

gicus tends to suggest that these crabs might produce a further batch of eggs
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t y after the eggs carried in the pleopods are hatched.

Multiple oviposition during a single reproductive season has been reported for
er anthonyi (Shields et al., 1991), C. antennarius (Shields per. obn.) and C. productus

udsun, 1964). Further, Van Engel (1958) reported that following impregnation, two

male may spawn at least 2-3 times in a spawning season. Ryan’s (1967) observation

tP sanguinolentus may spawn at least 3 times in a mature instar is in conformity with

present view.
.2.4. Spawning population

The gonadal developmental stages in males and females of P, sanguinolentus and

pelagicus in relation to size is given in (Figs.5.24-5.27). It is seen that all males above

A mm cw and 130 mm cw were fully mature in the former and latter species

lesy ctlvely, although mature males were available in all sizes above 80 mm cw (Figs.5.24
B¢ 5 26). Similarly, eventhough spawning females occurred in all sizes above 80 mm cw,

: nounced breeding activity was noticed in size groups between 100 and 130 mm in P.

inolentus, and between 100 and 160 mm in P, pelagicus (Figs. 5.25 and 5. 27). This
éﬁsbeen corroborated by the results obtained by studying the incidence of

erous females in relation to size (Figs. 5.29A and 5.29B).

; A reanalysis of the whole data on maturity indicated that 60-80 % of males in P.
Egninolentus and 28-65 % males in P. pelagicus were actively involved in mating. It is

En that among adults females, 40-60 % of the former and 22-65 % of the latter were



75

;.v ely engaged in spawning. Even during the peak period of breeding, 35-60 % of the

_ze ts of P. sanguinolentus and 25-70 % of P. pelagicus were only actively involved in
ning while the rest were either in immature or in early stage of ovarian
elopment. It was interesting to note that the gill net catch in September-October

_' isted of 100 % of males and 89 % of females in spawning condition.
Spawning ground

Sumpton et al. (1989a) are of the opinion that mature females of P. sanguinolentus
mve into deeper oceanic waters to spawn. The present data, however, indicate that the
pwmng ground is within the fishing ground itself during the non-monsoon
éonths, although there are some size and sex related segregated movements. This view
Ezbased on the occurrence of large number of mature, spent and berried crabs of P.
iuguinolentus and P. pelagicus throughout the peak breeding season in otter trawls
iperating with in 40 m depth. Even the shore seines operating in the Karwar bay and the
iﬁnitrawl operating in the Mangalore estuary caught crabs in berry of both these species,
;gllough in fewer numbers, which tends to suggest that these crabs may spawn in the
BStal waters itself during the non-monsoon months. Eventhough berried females were
pught from the estuary, it is not known whether these crabs are actually breeding in the
[tuanne environment. However, the non -occurrence of berried crabs in advanced
bge of development or females with empty egg cases on pleopods in the estuary indicate
iat these crabs may move out to more saline areas for hatching their eggs. Similar view
% been expressed by Potter et al. (1983) while studying on P. pelagicus from an

pstralian estuary. However, the occurrence of brachyuran zoea in fairly large numbers

?mg February-April in the coastal waters of Mangalore as reported by George and
ak (1961) tends to suggest that these crabs are not moving far away from the fishing

Eimd for hatching their their eggs.
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b 1t is probable that the adult population which move out of the inshore/estuarine

Rrs during the monsoon months when the low saline conditions prevail in the coastal
to deeper areas as the salinity regime in that environment is favourable for
ing. The peak recruitment of younger juveniles in October-November and the

fdence of berried crabs in gill net (operated at 40-50 m depth) collections in

Sex ratio

Sex ratio indicates the proportion of males and females in the population. This

ected to be 1:1 in nature. The sexes may become segregated at certain seasons of

ferential behaviour of sexes, environmental conditions and fishing. Sex ratio studies
indicate segregation, aggregation of sexes according to feeding, breeding, or

’f‘ tory behaviour (Bal and Rao, 1984).

The sex ratio distribution of the spawning population of P. sanguinolentus and P.

g-S 35, it is seen that the incidence of males of P. sanguinolentus in trawl catches was

agat Karwar with a male to female ratio of 1.29 : 1 (annual), whereas, at Mangalore,
Eratlo was nearly equal (0.93 : 1). At Malpe, males and females were more or less
illy distributed (1.06 :1) although there was variation during different months.
bever chi-square values were significant in P, sanguinolentus at all centres except in

3-94 at Malpe and in 1992-93 at Karwar indicating that there was significant variation

Ex ratio (Table 5.39).

Radhakrishnan (1979) and Thomas (1984) found that the ratio was nearly equal
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crab at Porto Novo and Cochin.

Sex distribution in this crab in relation to size indicated that females were more

brounced in the smaller sizes, whereas, males dominated in the larger sizes (Fig.
) as observed by Sumpton et al. (1989a) in this species from Australian waters. The
dance of females in the lower size groups might have resulted from the tendency of
ductively active females to postpone somatic growth thereby causing them to

nulate in these sizes as observed by Cristy (1980) and Colby and Fonseca (1984) in

8 pugilator in Southern Florida.

In P. pelagicus, the male to female ratio was 1:1 in the trawl catches at Mangalore
le 5.36), while it was nearly equal at Malpe (0.99 : 1) although there was month to
th variation (Table 5.37). At Karwar, on the otherhand, the proportion of males
the trawl catches was low, the ratio being 0.84 : 1, whereas, males outnumbered

 »: es in shore seine catches at this centre with a ratio of 126 : 1 (Table 5.38).

Jpitrawl catches from the estuary and gill net catch from the inshore waters of
galore showed the preponderance of female (0.78 : 1 and 0.81 : 1 respectively)
le 5.36). In this species, the chi-square values were not significant during 1992-93
angalore and Karwar, and significant during other periods at all centres suggesting

frked variation in sex ratio during these periods (Table 5.39).

Sex distribution in relation to size mn P. pelagicus did not show any clear pattern

B the ratio varied in different size groups in various gears at all centres (Figs. 5.31B).

In contrast, Thompson ( 1951) stated that the male to female ratio in P. pelagicus
43 :1'in the Australian waters. Prasad and Tampi (1953) reported that the male to
e ratio was 2.4 : 1 in the Mandapam area due to segregation of sexes particularly

frger crabs. The same authors (Prasad and Tampi, 1953) opined that among juveniles
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,*% mm cw) no marked difference in sex ratio was seen since there was no segregation
in juveniles. Potter et al. (1983) mentioned that the proportion of females
ded that of males in this species particularly in January and February, reflected in
catches of this sex taken in the otter trawls operating in the Australian coast.

an et al. (1976) reported that males were dominant in this crab in the Zuari estuary

s 2. Sumpton et al. (1994) found that males were predominant in P. pelagicus in the

geton Bay, Australia and opined that the migration of mature females onto sandbanks

if the bay for egg extrusion was partially responsible for the variation in sex ratio in

Ovigerous females

In order to study the reproductive cycle of P. sanguinolentus and P. pelagicus, the
Bdence of ovigerous females of these crabs caught in different type of gears during
ent months at Mangalore, Malpe and Karwar was analysed and the results are
narised in Tables 5.29-5.32; Figs. 5.28A-28B. Similarly, the occurrence of berried
of these two species at various size groups at Mangalore, Malpe and Karwar are

1 in Figs. 5.29A and 5.29B.

It is possible to deduce from Tables 5.29-5.30 that the ovigerous females of P.
Buinolentus started appearing in the fishery in December and steadily increased its

idance, attaining higher values in December, January or February at all centres in

awl catches during 1992-93 and 1993-94 seasons (Fig.5.28A). In the following
‘ s, the proportion of ovigerous females was relatively low. It was found that berried
of this species occurred in the catches in all months in various proportions except

e when there was no catch.

. In P. pelagicus, crabs in berry started appearing in the catch in August, steadily
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ased obtaining maximum values in January-February in the trawl catches during
:-93 and 1993-94 seasons and marginally reduced in March. There were only few
in berry in April, May and August. In July, no berried crabs was taken in any
E In September and October, the incidence of ovigerous females was observed to be
| (Tables 5.31-5.32, Fig. 5.28B). According to Sumpton et al. (1994), ovigerous
es occurred throughout the year with maximum during August-October in P.

cus in the Moreton Bay, Australia.

The study of the incidence of ovigerous females in relation to size indicated that
. proportion of these crabs in berry increased upto 110-120 mm size groups and
fter, showed a reduction in their occurrence in larger sizes in both these species

I 5.29A and 5.29B).

These data clearly suggest that the peak time of fertilization was during
imber-February in both these species. This view is based on the occurrence of
” ed crabs in higher proportions coupled with the sudden rise in the incidence of spent
es in these months (Tables 5.29-5.32, 5.20-5.22,5.26-5.28; Figs. 5.21, 5.23 and 5.28).
ret al. (1983) opined that the peak time of fertilization in this crab was during

'y and February in the Australian waters.

~ When first laid, eggs are bright yellow/ orange in colour, but during the period of
’ ion before hatching they become yellow, grey and later dark grey due to the
absorption of yellow egg yolk by the embryo and the development of dark
ent in the eyes (Plates 5-6). The development stages of the eggs on pleopods have

died by Boolootian ez al. (1959), Eickstaedt (1969) and Subramoniam (1979).

The incidence of various developmental stages of eggs on pleopods during

fent months in respect of P. sanguinolentus and P. pelagicus are given in Tables
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-5.41. From Tables 5.40-5.41, it is seen that the eggs in highly advanced stage of

:,elopment (Stage IIT) was occurring more during December-February and April in the
u species and during January-February in the latter suggesting peak hatching in

e months.

Females which have been recently hatched were often taken in considerable

bers in otter trawls operating from Mangalore, Malpe and Karwar during

gen carrying eggs can easily be recognised by the presence of egg capsules left on the

merets of the abdomen. These crabs also have a characteristic appearance, their

&
3 ;

Bdomen being dirty and discoloured and their shells are usually heavily encrusted with

pifauna such as barnacles and tube worms. The discoloured appearance of the body
By be due to their habit of partially burying themselves in the sea bed when carrying
gs (Edwards, 1979). The encrusted condition of the carapace with epifauna (Plate. 7)

%eheved to be due to longer intermoult periods as they carry successive broods of eggs.

,_ Within 2-3 days after hatching, female crabs strip off empty and dead egg cases
?m pleopods. The setae of the cleaned pleopods attained a golden sheen comparable
;ﬂlell‘ appearance to freshly moulted crabs (Shields ez al., 1991). In the present study,
ge number of females with pleopods having a golden sheen appearance were seen
mng December-February and April in P. sanguinolentus and during January-February
g- P. pelagicus suggesting peak hatching in these months which is in conformity with

e earlier observation.

The occurrence of juveniles of P. sanguin]dolentus (20-50 mm cw ) in large

@bers in trawl and shore seines, operating in the nearshore waters practically in all
£
paths with maximum abundance during December-April, suggests that hatching may
E

glbly be taking place in shallow coastal waters itself.
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In contrast, the occurrence of juveniles of P. pelagicus (50-80 mm cw) in small

Bmbers and the rarity of younger juveniles (20-50 mm cw) in trawl, minitraw] (estuary)

shore seine catches throughout the year tends to suggest that the berried crabs
ticularly the larger ones, probably move to more saline deeper waters for hatching.
low incidence of ovigerous crabs in comparison to that of P. sanguinolentus can

be explained by the offshore migratory behaviour of these crabs for hatching.
8. Fecundity

The term fecundity is defined as the total number of eggs carried by each female

any given time during incubation (Shields et al., 1991). Crab fecundity was

The carapace width, crab weight, egg mass weight and fecundity in P.

inolentus and P. pelagicus are given in Tables 5.42-5.43. The average carapace width,
e weight of the crab, egg mass weight, average fecundity per brood and egg mass

for the two species are shown in Tables 5.44-5.45.

Present study indicated that there is an apparent increase in the number of eggs
d with the increase in size of crab, although there was some variation at certain
Tables 5.42-5.45). An ovigerous crab carried an estimated 0.044 - 1.19 million eggs
anguinolentus, and 0.056 -1.07 million eggs in P.pelagicus.

The statistical relationships between fecundity and egg mass in relation to carapace
5 rapace length in respect of P. sanguinolentus and P. pelagicus are presented in

546 and Figs. 5.32- 5.35 which suggest an exponential relation between the
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iables in both these species. It is also noted that there was a direct relationship

Feen egg mass weight and fecundity. (5.36A and 5.36B). Highly significant positive

S i

§ in the Porto Novo waters, while Kannaiah (1981) found it ranged between 0.52 and

80 million eggs at Cochin (Thomas ,1984), while Reeby e al. (1990a) found it

from 0.16 to 0.71 million eggs in this crab at Karwar.

- Prasad and Tampi (1953) reported that the number of eggs carried by an
perous female of P. pelagicus ranged between 0.19 and 0.46 million eggs in the
pam area, whereas, Pillay and Nair (1976) recorded that the number of eggs
by a berried crab ranged from 0.18 to 0.46 million eggs at Cochin. Potter et
.3) found that the fecundity of this crab ranged between 0.27 and 0.85 million eggs
’rt,;Peel-Harwey estuarine system in Australia. It varied between 0.08 and 0.86 million
this species at Karwar according to Reeby et al. (1990a). The maximum number
£gg Mass was approximately 1.7 million and 2.4 million for P. sanguiniolentus and

us respectively in Australian waters (Campbell, 1984).

-While studying the fecundity in Scylla serrata, Prasad and Neelakantan (1989a)

that the €gg mass weight and carapace width are better indices for estimation of
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productive potential than the weight of the crab. Shields ez al. (1991) found that
cundity in rock crab, Cancer anthonyi varied seasonally. Several factors such as

/, temperature, photoperiod, abundance of food in the environment and intrinsic

of the animal have been attributed to both interspecific and intraspecific variability

ndity (Giese and Pearse, 1974).

Reproductive potential

The egg bearing propensity (percentage of females in a given size class with eggs),
carrying capacity, contribution of each size class to total egg production in respect of
guinolentus and P. pelagicus are given in Table 5.47. Eventhough the percentage of
es in berry vary among different size groups, it is observed that the larger females
larger egg carrying capacity. In P. sanguinolentus, the size class 120-130 mm cw
ented only 10.5 % of all females (80 mm cw and above), yet contributed 22.9 %
estimated egg production of all females with a "productivity" rating of 2.2 which
nd to be the maximum for this species. The newly matured females in the size

of 80-90 mm cw represented 24.8% of all females (80 mm and above), yet produced

8 % of the estimated total egg production (productivity = 0.1), making them 22

sing from a low of 0.1 in 80-90 mm cw to a maximum of 2.2 in 120-130 mm cw and

er showed a steep fall in the rest of the size groups in this species.

In P. pelagicus, although the females in the size group 130-140 mm cw, represented
.1 % of all females measuring 80 mm and above, produced 15.5 % of the
ted total egg production of all females (productivity = 2.2). The newly mature

files of this species in the size group of 80-90 mm cw represented 22.6 % of all
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fiales, yet produced only 1.4 % of the estimated egg production (productivity = 0.1)

g them 22 times less productive than the 130-140 mm size class. It is seen that the

ctivity was found increasing from 0.1 (80-90 mm cw) to 2.2 (130-140 mm cw) and

then registered a fall in the rest of the size groups.

~ One among the many factors influencing peak breeding activity along the

:ﬁ_ est coast of India, seems to be abundance of rich planktonic food produced at the

-of the SW monsoon and also by the upwelling of botton water during postmonsoon

?ed (Panikkar and Jayaraman, 1966). While studying the reproductive ecology of the

: crab, Emerita asiatica, Subramoniam, (1979) observed that the breeding activity is
increasing in the post monsoon months from January to May, but fluctuates
arly during the rest of the months. In the present study, it is seen that the breeding
dvity in P. sanguinolentus and P. pelagicus is found increasing from December to late
Bruary or early March, reduced sharply in April and May and low in the rest of the
s except perhaps another peak in September in the latter species. The steady
rease in breeding activity during December-March may be attributed to the increase

lemperature, salinity and availability of food.

Quantitative studies describing the ovarian cycles that can provide information on
riod and amplitude of gonadal growth in brachyurans are relatively few (Sastry,
. However, Pillay and Nair (1971) determined the temporal patterns of ovarian
ies by the gonad index method for three populations of tropical decapods. These
(Pillay and Nair, 1971) found that the reproductive period of Uca lactea annulepis
for several months from July to April during which time three gonad index peaks
for the population and the gonad index peaks are followed by the occurrence of
f st number of ovigerous females. According to Pillay and Nair (1971), P. pelagicus

bited more than one gonad index peak during the annual cycle, with each peak

wed by the occurrence of a high number of ovigerous females. In the present study,
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ever, one gonad index peak was observed in P. sanguinolentus, whereas P. pelagicus

ited two. Moreover, the gonad index peaks and maximum abundance of ovigerous

es were observed more or less in the same period (January-February in the former

iecxes and in September and January-February in the latter).

Pillay and Nair (1971) reported that the breeding activity is reduced for a larger
ne during rainy season in the marine and shore crabs, whereas, it ceases completely for

iferal months in many of the estuarine crabs studied. The present study showed that the

eeding activity in P. sanguinolentus and P. peliagicus was much reduced in the coastal
Eers during the peak monsoon months possibly due to the low saline conditions

igvailing in the nearshore waters during that period.

The recruitment of younger juveniles during October-April (November-April in
pelagtcus ) suggests peak spawning activity during August-February in these marine
Mds, although the incidence of ovigerous and mature / spent females indicated
ik activity only during December-February in P. sanguinolentus and in
ptember-October and January-February in P. pelagicus. It is possible that the adult
gﬂatlon which has moved into deeper waters during monsoon months due to low
he conditions prevailing in the nearshore waters, may be breeding in the deeper
&m during monsoon months (August-September), where the hydrological conditions
gbe more favourable resulting in recruitment of younger juveniles into the fishery in
?ber/November period. The high incidence of ovigerous and mature/spent females of
@elagtcus in the samples obtained in September is also in conformity with this view.
@(1994) opined that the spawning in Scylla serrata in offshore waters may probably

;:de a dispersal mechanism for larvae to enable the megalopae stage to recruit to




TABLE 5.1.
Morphometric characters in immature males of P. sanguinolentus.

S1. No. CW CL| ChL | ChD | SlNo. CW CL| ChL| ChD
1 31.3 14.2 14.7 451 47 6021 264 322 89
2 323 14.1 14.8 4.3 43 609 26.8] 31.1 7.5
3 34.1 14.2 14.7 45] 49 619 268| 30.5 7.1
4 34.3 14.3 14.6 4.3 50 625] 26.1] 326 8.9
5 37.4 16.5 17.4 48] 51 625 27.0] 312 8.4
6 390 184 14.1 53 52 63.0] 266! 325 8.0
7 39.5 17.0 18.3 521 53 634 291 327 8.9
8 39.5 17.8 17.3 4.1 54 63.5] 26.8] 318 8.6
9 39.5 18.1 19.8 56] 55 63.5] 262 302 8.1
10 40.2 16.8 18.0 46] 56 64.0; 28.1] 351 7.9
11 41.0; 177 19.2 48] 57 643 28.5{ 321 8.1
12 44.2 19.1] 214 52] 58 6441 29.0| 337 9.2
13 44.2 19.0] 206 5.5] 59 6491 282 336 8.7
14 45.3 19.0] 213 48] 60 6571 29.1| 340 9.3

_15 46.5( 20.8 18.3 45] 61 655! 282] 328 8.2
16 4751 211 241 69| 62 65.6] 284| 272 6.4
17 48.1] 21.1] 242 6.7 63 65.7] 29.11 334 8.4
18 483] 20.0] 247 691 64 66.4] 303| 3538 9.4
19 4911 221 254 78] 65 66.5| 382| 336 85

20 49.5| 21.4| 231 6.2] 66 6731 29.1| 342 9.3
21 501 21.6] 235 58] 67 67.5] 29.0] 331 8.0
22 5031 227 254 60| 68 684 292| 335 8.0
23 516/ 221 259 64] 69 68.7| 308 37.2 9.8
24 520] 23.8] 264 7.3 70 68.7, 29.1| 354 9.8
25 52.3] 23.8] 268 681 71 69.1] 287 358 8.8
26 33.11 237| 248 66] 72 692 320 297 9.6
27 531 232 257 651 73 69.5 303] 368 9.3
28 53.5] 238] 265 7.3 74 70.2] 30.3| 353 9.1
29 538] 23.7] 256 64] 75 70.2] 30.1| 36.4 9.7
30 552] 243] 295 751 76 71.01 30.7] 37.8 9.2
31 553| 286] 335 9.3 77 71.4] 30.1}] 36.1 9.2
32 553 251{ 273 7.5] 78 71.8] 295 354 8.2
33 3555{ 255 285 78] 79 72.5] 29.8] 355 9.1
34 557 242] 278 7.5 80 72.8] 303| 352 9.6
35 55.8] 24.7] 275 7.3 81 73.4] 32.1| 372 10.4
36 56.9] 256] 288 7.1 82 74.5] 31.6] 3838 8.7
37 571 241 282 741 83 74.5| 31.0| 36.5 10.0
38 3751 241 287 7.2] 84 7501 32.2] 392 10.1
39 580| 258] 325 85] 85 75.8] 3277 40.1 10.0
40 581] 253] 29.0 7.1 86 75.9] 31.1] 39.1 9.6
41 581| 257{ 29.2 88| 87 76.5| 332| 41.6 10.5
42 5841 251] 295 79] 88 76.7{ 31.0| 388 9.9
43 585] 26.0{ 280 66 89 77.0] 324| 398 10.2
44 585] 25.6] 298 8.1 90 78.4] 33.1| 40.2 11.0
45 59.0] 252] 298 82] 91 79.2] 32.8] 412 10.1
46 39.8] 256| 303 721 92 79.8] 34.3] 415 10.6

CW=carapace width ; CL=carapace length ; Ch L=chelar propodus length ;
Ch D=chelar propodus length.

all measurements in mm.



TABLE 5.2,
Morphometric characters in mature males of P. sanguinolentus.

SI.No. CW CL| ChL | ChD| SlNo. CwW CL [ ChL| ChD
1 80.0] 333 40 10 48 122,17 503 74.1 17.1
2 80.1 341 421 10 49 122.8] 505] 75.6] 176
3 82.1 35.9 44 10.2 50 124 50.5| 74.8] 168
4 824 359 43 10.3 51 125| 53.7] 794 16.3
5 826/ 363] 434 10.1 52 125] 532 7771 16.1
6 83 35.1f 452 11.1 53 125] 51.2) 76.6] 17.5
7 84] 348 445 11.4 54 126] 53.2( 8l1.1 18.4
8 84.1 3561 423 10.1 55 127.5 53] 7861 16.1
9 84.6] 363] 477 11.2 56 128 523 7591 178

10 85.5 36.5] 456 11.5 57 129 56.2| 854 17.7
11 858 352 458 11.4 58 130] 56.3! 86.7 18.4
12 86.5] 372] 463 11.9 59 130} 54.5] 795 19.8
13 87] 351 49.1 11.5 60 131] 56.3| 873 17.3
14 89.1 38.2] 493 10.5 61 132] 642 918 178
15 89.8] 382] 505 11.8 62 132] 57.1f 86.2 19
16 899 386 509 12.3 63 132| 542| 829 179
17 90; 382} 49.1 12.6 64 132] 57.1| 87.5 18.4
18 90.5 36.8[ 386 12.5 65 132 57.3| 872 18.5
19 91 38.5 50 12.3 66 134| 57.2] 783 15.7
20 93.1 38.7] 487 11.9 67 134] 58.4| 8l1.1 17.9
21 93.3 388] 495 11.3 68 135] 572 87 17.3
22 93.91 434] 60.6 13.8 69 135 54.2] 85.8 16.8
23 95 40 518 12.3 70 135 57.1] 853 18.3
24 96.8] 42.1 58.3 13.3 71 136 55.3| 86.5 17.2
25 98.3 413] 556 13.4 72 136 58.2| 8751 204
26 99.1 41.5| 54.8 12 73 137] 60.2 87 18.9
27 101 40.5] 36.8 14 74 138] 58.6| 92.7] 202
28 102 45| 582 14.1 75 139| 55.2 83 18.3
29 104.7| 433 59.1 13.5 76 140 59.1 89 19.5
30 105 447 61 13.2 77 141 61.6] 923 18.6
31 106 44.1 59.2 14 78 141] 583 92.1 19.3
32 106.5] 45.8 66 13.5 79 1421 59.4 791 163
33 108] 45.8] 63.1 12.8 80 142 594 79 16.3
34 108.4] 45.1 62.1 15 81 143] 58.4] 89.5 19.7
35 110] 45.1 50.4 11.2 82 143] 576} 936! 194
36 110] 46.8] 65.9 14.2 83 1431 60.2] 98.2 19.5
37 112.1 48.6| 68.7 14.9 84 144 597! 93.2 20
38 113.2] 484 68.1 14.6 85 145 602} 96.7( 21.1
39 113.8] 49.1 71.1 16.8 86 145] 59.21 91.3] 20.1
40 114] 479| 66.7 10.6 87 146] 62.1f 943] 221
41 116.1 493] 673 17.1 88 147] 60.7} 99.1 19.4
42 117] 48.5] 64.6 14.2 89 149; 61.7] 96.3 19.7
43 119] 49.1 71.1 16.1 90 149 63.1] 95.3 22
44 120{ 483 64.5 13.5 91 150) 60.8] 956 20.7
45 120 48.9{ 68.2 14.6 92 1521 60.2 89 18
46 120.5 52.1 75.1 18 93 154 62.1 101 18.6
47 121 53} 773 18.2 94 154] 64.1| 103.2{ 217

CW=carapace width; CL= carapace length, Ch D= chelar propodus depth;
Ch L=chelar propodus length.

all measurements in mm.




- TABLE 5.3.

- Morprometric characters in immature males of P. pelagicus.

g fSLNo. | CW | CL TChL | ChD [SLNo] CW]| CL | ChL | ChD
1 32| 145] 163] 47| 41 68.3 29 337 95
2 323 149] 1538 s 42 683] 28.1] 342| 84
3 33.5| 148| 165 58] 43 685 293 327] 74
L4 36.8] 16.4 17]  41] 44 68.5| 28.8] 33.1 9
e 37 163] 184 5] 4s 686| 282| 334] 84
‘e 39 181] 206] 57| 46 68.7| 292| 381 8
L7 40| 19.1] 205 55| 47 68.7] 28.1| 342] 84
K 425 184] 195] 47| 48 689] 29.1| 344] 91
-] 9 43.5 19] 213] 54| 49 692 30.1] 364] 92
10 45| 192 215] 64] 50 69.5] 29.1 34| 84
11 45| 205] 22.1] 58] 51 70| 285 342] 93
12 48] 2138 24] 55| 52 706] 29.1] 348] 95
13 48| 219 222 56| s3 71 29.4 35] 9.1
14 515| 242| 278] 67| 54 71.1) 298| 363] 93
15 54| 237 275] 68] 55 71.1) 298| 355] 94
16 545| 241] 262] 69| 56 71.2] 293] 336] 94
17 555| 235] 2750 72| 57 72| 305] 368 9.1
18 56| 244| 273 68] 58 721 317] 373 8
19 57.1) 253] 256 54| 59 722| 314] 362] 97
20 57.2] 251] 30.1] 75| 60 729| 304] 373] 79
21 581] 246 273] 72| 61 74| 3111 383 85
22 587] 271 312 81| 62 750 32.2] 405] 75
22 587] 271] 312 81| 63 75] 319] 379 95
23 59.1) 252] 286] 79| o4 761 331] 39.1] 98
24 59.5] 26.7] 305] 84| 65 76.4] 312] 392] 10.1
25 59.5| 26.1] 30.1] 83| 66 76.5] 33.5] 44.1] 111
26 603 261] 26.1| 61| 67 76.5| 358| 382] 718
27 617/ 27.1] 32.1] 81| 68 77 32.8| 411] 108
28 625| 23.6] 303] 91| 69 770 32.5] 381 84
29 63.5| 276] 278 72| 70 77.8] 322| 405] 105
30 64| 275] 253] 69] 71 78] 33.8] 41.8] 102
31 64.1) 30.1] 345] 96| 72 78.5 34| 429 9
32 64.1) 291| 331| 84| 73 78.5| 332| 385] 105
33 65| 286| 395 88| 74 79 33] 393|101
34 66.1] 27.4| 341 88| 75 79.5] 332| 4L1] 102
35 67.1] 282 324] 17| 76 79.6] 338| 418 11
36 67.1 28] 344| 92| 77 79.6] 342] 425] 109
37 67.5| 288| 347] 91| 78 79.8 33 42| 105
38 68| 275 342 83| 79 799 341 424 106
39 681 285 325/ 23
40 68.1) 292 342] 84

CW =carapace width; CL= carapace length; Ch L=chelar propodus length;

Ch D= chelar propodus depth.

all measurements in mm.



ABLE 5.4.
rphometric characters in mature males of P. pelagicus.

CW | CL | ChL |ChD|SINo| CW [ CL [ChL | ChD |SLNo CW | CL | ChL |ChD

811 332 394 9.9] 45 914 397| 49.1] 102] 89 J109.0| 44.5] 668 14.0

812| 356| 4321 12.0] 46 91.8] 386| 486] 11.8] 90 [109.0 48.] 67.3] 145

8121 339) 375 78] 47 9201 40.1] 538] 133} 91 |110.0] 49.4| 671] 138

815} 35.7] 438]| 114| 48 92.1| 40.1] 503) 12.1] 92 J1100] 481 696| 14.5

81.7] 44.2] 43.0] 11.1] 49 925| 399] 5027 12.3] 93 J1102] 462 624] 141

82.0] 350 44.5] 106] 50 92.8] 382 450] 103] 94 [1102 47.] 634 141

82.1] 353] 40.8{ 104]| 51 9401 406| 534 12.0] 95 [1105] 46.1] 61.1] 148

821 342] 41.8[ 103] 52 945] 39.5] 51.3) 123] 96 [111.0] 485] 687 145

821 352] 43.5] 11.4] 353 941 408] 505 12.1] 97 J112.0] 473] 689 135

823! 34.5| 426| 105] 54 946| 40.0] 501 11.5] 98 [113.0] 488] 71.3] 152

824] 33.8] 423 11.5] 55 95.0] 412| 542 11.6] 99 1140 490] 668 134

832| 36.5] 462| 11.8] 36 95.1] 4221 543]| 132] 100 J114.0] s504] 622] 12.1

83.0] 338] 423] 11.5] 57 952| 419] 53.5] 12.7] 101 J114.1] 506] 692| 132

83.5] 34.1] 405 9.1] 58 95.5| 387] 495] 129} 102 J1148] 518 7271 146

83.6] 355] 44.6] 108] 39 955] 40.1] s523| 12.9) 103 J1150] 505] 676] 126

83.7] 360! 43.7] 105] 60 96.0| 445 619] 13.6] 104 J1155] 491 69.7] 13.9

84.5] 363] 452] 102] 61 96.5| 40.5] 548| 12.4] 105 |116.0] 540 60.1] 11.8

845 354] 434 110] 62 97.0] 42.2; 553| 13.1] 106 [117.0] 501] 67.4] 16.9

8491 346] 414 9.0] 63 970] 43.3] 61.1] 105] 107 | 117.9] 61.1] 73.5] 164

; 850] 36.5] 45.3] 11.1] 64 97.5| 423] 561 12.6] 108 [121.0] 54.0] 76.9] 150

: 85.1] 36.14 451] 114] 65 97.5| 423| 51.4] 1250 109 [124.0] 54.1| 785] 151

22 85.6{ 36.8] 45.8] 11.2] 66 9761 42.1] 56.7| 11.6] 110 J124.5] 563] 932] 167

23 86.1| 353 452 107] 67 97.7] 402} 50.7] 11.8] 111 J127.0] 545] 751 171

A 86.2| 36.61 44.5| 10.0] 68 982| 421| 514 10.2] 112 J1285] 57.1] 83| 172

2...':L 87.0] 358( 44.4 9.5] 69 98.2| 4251 549| 11.5] 113 J1310] 57.1] 909] 172

2 870] 36.5] 472 101] 70 985] 416] 52.8] 108] 114 [132.5] 60.1] 922] 19.0

b1 87.1] 36.51 47.0[ 11.0] 71 990] 416] 53.17 12.8) 115 |140.0] 60.3] 101.5] 154

28 87.1] 364| 46.1] 112] 72 99.0| 44.0] 593| 11.8] 116 |141.0] 66.1] 1151] 214

29 | 880 372| 462]| 11.1] 73 99.0] 44.0] 584| 14.1] 117 J1415] 632 104.4] 21.1

30 88.1] 357 465| 123] 74 99.1] 426] 54.7| 13.7] 118 J141.5] 63.9] 100.7] 201

3] 882| 381) 450| 10.6] 75 992 421] 56.01 13.2] 119 [141.5] 643 1155] 20.1

k7] 882] 293] 350] 100 76 J100.0] 42.6] 498 10.11 120 14701 67.1] 1159] 20.1

k] 893] 372| 472| 10.0] 77 [100.4] 423] 548 125] 121 14751 67.1]112.2] 21.1

34 89.5| 37.0{ 474 9.7) 78 J101.1] 42.5] 482 102] 122 [1475] 673] 1183 18.2

é 89.5] 364] 486| 11.1] 79 J102.0] 42.9] 585] 1500 123 1475| 662]1112] 184

% | 895] 382] 50.7] 11.5] 80 | 1022] 427 482] 10.0] 124 1480 67.3] 111.4] 181

1l 900} 392 47.9] 122] 81 103.0] 440 57.0] 11.8] 125 J152.0 72.2] 1202] 241

& 900] 38.0] 482] 105] 82 |103.0] 432] 568 1081 126 |153.0 68.21 1142] 223

-1 9.0[ 397] s10] 112] 83 | 1038] 489 5951 10.8] 127 |153.5] 684[ 120.1| 235

0 | 91| 421] 551] 133] 8 1044 438| 584 132] 128 |156.0] 652 115.0] 178

il 90.5] 382 391 871 8 1105.1) 455| 598! 126] 129 [1570] 71.1] 122.0] 225

7] %06] 40.1) 492] 10.7] 8 [ 106.0] 450] 6151 1511 130 | 1580 721 119.2] 229

B | 91.0] 395] 435 90) 87 J1068] 46.1] 67.3] 14.1] 131 [159.0| 71.8] 121.5 226
4 91.0f 3911 5091 12.5] 88 | 108.0] 46.1] 535 9.6

W = carapace width; CL = carapace le
B D = chelar propodus depth all meas

ngth, Ch L = chelar propodus length;
urements in mm.



ABLE 5.5

etric growth equations in immature and mature males of

anguinolentus.

Independent Dependent Allemetric n
variable variable _growth equaiton
X Y (Y=a+bX)
re males
Carapace width Chelar propodus depth =-0.0411+0.1320X | 92
Carapace width Chelar propodus length | Y=-3.9362+0.5696 X | 92
Carapace length Chelar propodus depth | Y=-0.4538+0.3195X [ 92
Carapace length Chelar propodus length | Y=-57314+13781 X | 92
Chelar propodus length Chelar propodus depth | Y=0.8762+02318 X | 92
males
Carapace width Chelar propodus depth | Y=0.0417+0.1328 X | 94
Carapace width Chelar propodus length |Y=-23.6330+0.8036 X| 94
Carapace length Chelar propodus depth | Y= -1.6660+0.3509 X | 94
Carapace length Chelar propodus length |{Y=-27.6180+1.9943 X| 94
Chelar propodus length Chelar propodus depth | Y=3.2079+0.1758 X | 94

ometry levels(b) and correlation coefficients (r) between morphometric
arameters of males P.sanguinolentus.

Parameters l ‘b’ | ‘r'+ [ df
Ch.D. 0.9792 0.996 90
Ch.L. 1.1645* 0.998 90
Ch.D. 1.0479 0.992 90
Ch.L. 1.2214* 0.997 90
Ch.D. 0.8573 0.995 90
Ch.D. 1.0677 0.924 92
Ch.L. 1.3491* 0.996 92
Ch.D. 1.1089 0.998 92
Ch.L. 1.4031* 0.997 92
Ch.D. 0.7890 0.989 92

C.W.= carapace width; C.L.= carapace length; Ch.D.= chelar propodus depth;
Ch.L.= chelar propodus length
The constants of allometry (b) based on log-log transformations
Asterisk indicates high positive allometry

+ significant at P <0.001




0. Independent Dependent Allemetric n
variable variable growth equaiton
X Y (Y=a+bX)
mature males
Carapace width Chelar propodus depth | Y=10.6915+0.1151 X 79
Carapace width Chelar propodus length | Y=-2.4856+0.5462 X | 79
Carapace length Chelar propodus depth | Y=0.2164+0.2842 X 79
.| Carapace length Chelar propodus length =-49126+1.3554 X | 79
§ 3. | Chelar propodus length |Chelar propodus depth | Y=12773+02086X | 79
tMature males
- 1. | Carapace width Chelar propodus depth | Y=-2.6966+0.1532 X | 132
Carapace width Chelar propodus length | Y= -49.3541+1.0697 X | 132
Carapace length Chelar propodus depth =-0.7919+0.311 X | 132
Carapace length Chelar propodus length | Y= -35.3478+2.1559 X | 132
Chelar propodus length | Chelar propodus depth | Y=43431+0.1437X | 132
TABLE 5.8,

-Allometry levels (b) and correlation coefficients (r) between morphometric

-parameters of males P.pelagicus.

-SLNo. Parameters [ ‘b’ | r'+ [ df
[hmature&males
S L CW. Ch.D. 0.8353 0.998 77
2. CW. Ch.L. 1.0683 0.992 77
© 3, CL. Ch.D. 0.9176 0.982 77
4. CL. Ch.L. 1.1689* 0.989 77
« 5, Ch.L. Ch.D. 0.8027 0.986 77
Mature fmales
1 CW. Ch.D. 1.2807* 0.980 130
2, CW. Ch.L. 1.7037* 0.987 130
3 CL. Ch.D. 1.1678* 0.986 130
4, CL. Ch.L. 1.5549%* 0.988 130
5. Ch.L. Ch.D. 0.7513 0.993 130

C.W.= carapce width; C.L.= carapace length; Ch.D.= chelar propodus depth;
Ch.L.= chelar propodus length
The constants of allometry (b) based on log- log transformations
Asterisk indicates high positive allometry
+ significant at P <0.001




thometric characters in immature females of P. sanguinolentus.

Ab W

CW CL AbL SI.No. CwW CL Ab W AbL
33.2 14.8 8.1 11.7 21 71 30.5 18.6 23.5
35.2 15.1 9.1 13.1 22 71 30.5 19.4 23.6
42.6 18.1 10 13.4 23 72.2 29.5 18.4 23.2
49.5 21.1 11.8 16 24 72.5 31.1 19.2 226
54.5 24.6 14.5 18.6 25 73.1 30.7 19.6 24.6
57.2 24.6 15.1 18.3 26 74 312 18 23.5
59.1 26.2 16.1 20 27 74.1 32.8 18.6 23.2
60.3 25.6 15.5 18.4 28 74.2 31.4 20.1 24.5
60.5 25.6 15.5 18.4 29 74.1 23.1 19.5 243
62.7 278 17.1 21.8 30 75.5 32.3 20.7 25.8
62.8 274 17 20.2 31 75.5 33.6 20.3 25.3
63.7 278 17.2 20.7 32 76.2 32.6 20.7 26.2
64.8 23.7 17.5 22.7 33 76.2 32.2 19.9 25
66.7 29.2 18 22.3 34 76.9 333 20.5 25.7
67.5 28.2 17.9 22.4 35 77 33.4 20.3 20.3
68.6 30.5 17.8 23.8 36 71 33.2 216 28.5
68.9 29.4 18.6 21.3 37 77.5 33.1 20.2 25.5
69.5 28.8 18.2 22.7 38 77.1 33.2 20.7 24.5
70.7 31.7 20.5 26.1 39 77.1 33.4 19.4 24.9

70 30.5 18.5 24.2 40 78.1 33.1 20.3 25.1

W= carapace width; CL = carapace length; Ab L = abdomen length; Ab W = abdomen width



TABLE 5.10
Morphometric characters in mature females of P. sanguinolentus.

S1.No. CwW CL AB W AbL S1.No. CwW CL Ab W AbL
1 80.8 384 19.8 25.9 23 116.0 50.5 36.6 39.3
2 81.2 34.0 21.7 24.8 24 117.0 50.0 334 39.3
3 81.3 34.1 21.7 253 25 117.0 48.2 38.8 39.4
4 81.6 33.1 23.2 27.6 26 118.2 51.2 354 40.2
5 83.0 358 22.1 28.1 27 120.0 50.3 36.1 39.1
6 87.8 36.2 26.3 30.5 28 120.0 51.0 37.4 41.1
7 89.1 38.3 29.5 30.1 29 120.0 50.3 35.1 38.2
8 91.6 40.1 29.1 32.3 30 123.6 533 38.2 41.2
9 91.8 38.7 27.7 29.5 31 124.0 522 36.6 41.3
10 92.7 39.1 27.8 30.6 32 124.0 52.4 37.5 42.3
11 97.1 39.8 29.2 32.5 33 1243 55.4 38.2 43.2
12 98.1 41.4 30.0 32.6 34 126.0 504 37.5 43.2
13 98.2 42.6 31.1 33.4 35 128.0 55.1 38.3 44.0
14 99.3 44.8 33.1 34.9 36 128.0 56.2 39.0 44.0
15 100.2 43.7 31.6 33.3 37 128.0 55.0 36.2 40.2
16 103.7 44.0 32.1 353 38 129.0 57.5 383 458
17 106.2 46.6 33.9 35.1 39 130.0 54.9 38.8 44.6
18 113.0 46.2 342 35.9 40 131.5 56.1 39.9 44.0
19 113.0 48.8 35.2 37.0 41 134.5 56.4 39.7 44.1
20 115.0 49.1 33.5 37.6 42 137.0 58.1 40.2 47.2
21 115.0 50.0 35.6 39.6 43 137.0 58.5 41.7 45.3
22 116.0 50.0 34.2 38.7 44 140.0 60.1 43.1 48.2

CW = carapace width; CL = carapace length; Ab W = abdomen width; Ab L =abdomen length



5.11.
ometric characters in immature females of P, pelagicus.

CW CL AbW | AbL | siNo. CW CL AbW | AbL

31.1 14.7 10.2 58] 33 67.3 28 20.5 16.5
32 14.8 10.2 58] 34 67.8 29.2 21.5 16.2
37.3 18 11.9 66| 35 68.1 29.1 21.2 16
39 18.1 12.4 6.5] 36 68.2 29.7 21.1 16.2
41.3 18.7 13.2 73] 37 69.2 29.2 22.1 16.2
e 44.1 19.6 13.4 74| 38 69.3 27.8 22.3 17.1
: 44.4 18.6 13.5 750 39 69.5 28.7 21.2 16.5
8 45 18.6 13.5 8.1 40 70 29.6 22.7 17.2
g 47.9 20 15.5 771 41 70.2 30.2 232 16.8
48.1 21.8 15 92| 42 70.3 31.2 24.4 17.1
50.5 22.7 15 89] 43 70.5 29.7 24.1 16.8
i 51.8 23.5 16 87| 44 71.1 30 21.3 17.5
3 54 24.1 18.1 13.2] 45 71.8 31.1 21.6 17.4
M 54.3 24.8 18 13.2] 46 723 31.6 23.2 18.2
@ 55 23.9 17 1050 47 72.7 31.5 25 18.1
5 58.1 25 17.2 13.5] 48 73.2 32.1 25.2 17.6
i 58.2 26.2 20.4 14.1] 49 73.2 33.2 25.5 19.1
58.2 25.8 18.1 13.6] 50 73.5 32.6 25.1 18.3
1o 59.2 25.9 16.4 11.5] 51 743 31.5 23.8 18.7
0 61.1 26.2 19.3 14.5] 52 75.5 32.6 24.5 18.1
o 62.2 26.4 17.3 14] 53 75.6 32.8 242 18.7
EL 62.4 27 19.5 152] 54 75.8 32.1 24.8 19.2
63.1 26.1 20 152] 55 75.8 32.3 25.2 19.1
M 64.1 27.1 20.1 16.1] 356 76.5 31.8 24 18.6
3 64.5 27.4 19.9 144 57 77.1 32.6 24.3 19.1
65.1 28 20 156] 58 78 33.4 24.8 19
65.1 28.8 20.4 153] 59 78 34.1 24.6 20
B 65.2 27.4 20 159 60 78.2 34.4 25.1 19.3
9 65.5 28.2 22 15.8] 61 79 33.3 26.1 19.3
65.6 20.4 16.4 16.4] 62 79.2 33.2 25.7 18.8
65.9 28.3 21.1 16.1] 63 79.7 34.2 242 22

66.1 29.3 21 16.2

carapace width; CL = carapace length; Ab W = abdomen width; Ab L = abdomen length




LE 5.12.

etric characters in mature females of P. pelagicus.

cW

CL |AbW | AbL | SINo| CW | CL | AbW]AbL] SINo] CW | CL JADW] ADL
1 '80.0] 3421 24.1] 192] 44 89.11 37.2| 282] 222] 87 110.0] 462} 36.6| 281
1 800f 351 248] 193] 45 89.3] 36.8] 283] 21.7] 88 111.2] 46.1| 356} 278
1 80.2] 340] 258] 195] 46 89.6] 38.7] 276] 22.6] 89 1120f 46.5] 376] 345
1 80.5] 343] 255 205 47 89.71 37.1] 292 222] 90 114.0] 495) 395] 343
48101 34.4] 251] 200] 48 89.81 42.8] 32.3] 256 91 114.9] 488] 37.8] 332
1 823] 35.10 25.1] 201 49 8991 37.8[ 29.1] 23.1] 92 115.8] 50.5] 398] 354
. 825] 350] 253 201 so 90.0] 3751 282 230] o3 117.0] 50.5] 50.5] 34.0
~83.0] 357] 274] 214] 51 90.1 37.7] 29.2] 208 94 117.0] 49.5[ 403{ 365
et 833| 334] 247 198] 52 90.3] 38.1| 288] 22.1] 95 117.1) 49.8] 39.0] 35.0
1 835] 3431 255] 207 53 90.8] 37.11 29.1] 222] 96 117.1] 48.8[ 390] 350
el 834] 348] 207] 259] s4 90.9] 38.2] 27.7] 2150 97 120.0f 5251 495 368
4-837] 345 250 204] 55 91.0 41.6] 306] 245 98 122.4] 53.3] 42.1] 388
L 84.0] 353 2730 208] 36 91.0f 37.5] 27.6] 22.0] 99 124.0] 5291 40.1] 345
£ 840f 351{ 26.1] 215| 57 9121 37.7] 284 22.8] 100 | 1255] 534 43.1] 387
i 840] 342 257] 206] 38 92.11 3871 29.1 24.1| 101 | 127.0] 555| 440] 411
e 841 356] 273 206 59 92.7] 39.11 29.8f 23.1| 102 | 128.0{ 556] 447 394
=1 84.1] 34.1] 262] 210] 60 93.1] 382| 30.1| 23.6] 103 | 129.0] 54.4] 4a1.7] 365
ab842] 357] 2671 212] 61 9321 39.1] 307] 232] 104 | 132.0] 562] 432[ 387
=f 82| 3501 275 207] e2 93.5] 3911 30.7] 232| 105 ] 136.0] 572] 45.1] 392
=1 844] 365 271] 220] 63 94.0] 3991 30.5] 249] 106 | 136.0] 58.1] 415] 451
=1 844] 3650 271 220] 64 94.11 393] 303 232[ 107 | 138.0] 62.1] 4681 402
342] 2650 208 65 94.2] 394] 29.2{ 24.1] 108 | 140.0] 590 465] 432
3571 2620 202 66 95.0] 39.2] 313] 28.0] 109 | 140.0! 591 451 421
357] 269 202 67 9511 41.1] 32.1] 25.0f 110 | 140.5] 64.1] 491 481
3551 2750 21.1] 68 95.31 40.2]1 303| 281 111 | 1420} 63.1] 499 451
3551 261 210] 69 95.3] 40.8] 31.8] 244] 112 | 1420} 638] 515] 441
366] 2761 2321 70 9541 394] 30.5] 2351 113 | 143.0] 62.7] 481 435
3591 271 206| 71 96.0] 40.5] 28.8] 24.4{ 114 | 143.0] 603| 4821 432
3571 270f 1971 72 56.1] 40.6] 30.5] 23.9] 115 | 1440] 631 507 441
375 278 261 73 96.6] 41.8] 31.6] 26.0f 116 | 144.0] 625 505] 492
3671 2750 220l 74 96.7] 40.8] 30.01 24.7] 117 | 144.0] 62.8] a488] 453
36.7] 275 220]| 75 97.61 408] 32.1] 251 118 | 146.0| 632] 483 469
356] 262{ 214 76 98.2| 41.8] 3220 244 119 | 1490 658 s524f 478
37.1] 276 221} 77 99.0] 41.5] 30.1] 252 120 | 150.0] 61.7] 491| 455
36.8) 264| 214] 78 99.01 40.7] 31.8| 27.4] 121 | 152.0] 66.8] 356.6] 3564
36.2] 262 208 79 99.9] 432 338] 253| 122 | 1520| 668] 545 487
3751 289] 21.7] 80 100.0] 422] 32.7] 283| 123 | 1550] 74.1] 565] 540
3671 29.11 21.7] 81 103.1) 44.5] 33.7] 272 124 | 1570{ 71.1] 571 523
37.1) 282] 215] ®2 103.8] 432] 36.1] 256] 125 | 158.0] 69.1] 54.1| 511
3821 284 222] 83 1049] 4411 36.1] 256/ 126 | 161.0] 73.8] 59.3] 563
36.9] 285 219] 84 105.1) 43.2] 35.8] 25.1| 127 | 162.0] 67.5] s2.1| 422
3721 292] 23.1] 85 110.0] 46.1] 37.1] 281| 128 | 173.0] 766] 64.1] 583
382) 296! 22.1] 86 110.0] 4751 37.1] 344

Bmpaoe width; CL=carpace length; Ab W=abdomen width: Ab L=abdomen length.
@surements in mm.
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tric growth equations in immature and mature female of

iguinolentus.
= Independent Dependent Allemetric
variable variable __growth equation n
X Y (Y=a+bX)
re females
Carapace width | Abdomen width Y=-0.6941+0.2728 X 40
Carapace width | Abdomen length | Y=2.0707+0.2997 X 40
Carapace length | Abdomen width Y=-1.6347+0.6684 X 40
Carapace length | Abdomen length | Y= 1.0185+0.7350 X 40
Abdomen length | Abdomen width Y=-2.5393+0.9083 X 40
females
Carapace width | Abdomen width Y=-0.4864+0.3087 X 44
Carapace width | Abdomen length Y=-1.4127+0.3479 X 44
Carapace length | Abdomen width Y=2.0989+0.6682 X 44
Carapace length | Abdomen length | Y= -1.0537+0.8063 X 44
Abdomen length | Abdomen width Y=0.9257+0.8831 X 44
E5.14

etry levels(b) and correlation coefficients between morphometric
Femeters of females P.sanguinolentus.

I Parameters ‘b’ ‘r'+ I d.f.
re females
Cw. AW. 1.0255 0.994 38
Cw. AL. 1.0155 0.995 38
C.L. AW. 1.1509* 0.992 38
CL. AL. 1.1429* 0.994 38
AW AL 0.9869 0.996 38
fature females
1 Cw. AW, 1.0527 0.983 42
Cw. AL. 1.0427 0.993 42
CL. AW 1.0401 0.952 42
C.L. AL 1.0276 0.995 42
5, AW. AL. 0.9012 0.985 42
= carapace width; C.L.= carapace length; A.W= abdomen width;
4.~ abdomen length

constants of allometry (b) based on log- log transformations
erisk indicates high positive allometry
significant at P <0.001



TABLE

Allometric growth equations in immature and mature females of P.pelagicus.

5.15

Independent Dependent Allemetric
SLNo. variable variable _growth equation n
. X Y (Y=a+bX)
Immature females
1. Carapace width | Abdomen width | Y= -1.027+0.3334 X 63
2, Carapace width | Abdomen length =-6.2675+0.3319 X 63
3. Carapace length | Abdomen width | Y=-2.165+0.8164 X 63
4, Carapace length | Abdomen length | Y= -0.5474+0.7817 X 63
5. Abdomen length | Abdomen width | Y= 5.7681+0.9708 X 63
Mature females
L Carapace width | Abdomen width | Y=-1.851+0.3178 X 128
2. Carapace width | Abdomen length | Y=-1.2183+0.3467 X 128
3. Carapace length | Abdomen width | Y=-0.916+0.7237 X 128
4. Carapace length | Abdomen length { Y= -0.4490+0.7949 X 128
5. Abdomen length | Abdomen width | Y= -0.258+0 9037 X 128
TABLE 5.16.

Allometry levels (b) and correlation coefficients between morphometric
parameters of females P.pelagicus.

SLNo. Parameters b’ r'+ d.f.
Immature females
1. CwW. AW, 1.4875% 0.992 61
2. CW. AL, 0.9729 0.995 61
3. CL. AW. 1.6806* 0.979 61
4, CL. AL. 1.1014 0.978 61
5. AL AW, 1.5182* 0.995 61
Mature females
1. C.wW. AW. 1.4492% 0.996 126
2, CwW. AL 1.1851* 0.999 126
3. CL. AW 1.3160% 0.998 126
4. CL. AL 1.0756 0.998 126
S. AL. AW, 1.2221% 0.998 126

C.W.= carapace width; C.L.= carapace length; A.W= abdomen width;
AL.= abdomen length
The constants of allometry (b) based on log- log transformations
Asterisk indicates high positive allometry
+ significant at P <0.001




TABLE 5.17.

Monthly distribution of various maturity stages of P.sanguinolentus
males in the inshore/estuarine waters at Mangalore.

Period STAGE 1 STAGE 11 STAGE III Total
(Immature) (Maturing) (Mature)
n__| % n_ | % n_| % n

TRAWL CATCH (inshore)
Nov.92 13 25.49 19 37.25 19 37.25 51
Dec. 46 19.57 61 25.96 128 54.47 235
Jan. 93 1 0.57 3 1.72 170 97.70 174
Feb. 7 8.43 8.43 69 83.13 83
Mar. 22 36.07 16 26.23 23 37.70 61
Apr. 13 13.4 20 20.62 64 65.98 97
May 6 13.04 11 23.91 29 63.04 46
Nov. 4 100 - - - - 4
Dec. 16 23.53 6 8.82 46 67.65 68
Jan.94 13 9.63 33 24 .44 89 65.93 135
Feb. 1 25.00 3 75.00 4
Mar. 12 21.43 13 23.21 31 55.36 56
Apr. 2 11.11 5 27.78 11 61.11 18
May 3 16.67 2 11.11 13 72.22 18

Total 158 15.05 197 18.76 695 66.19 1050
MINI TRAWL (estuarine)

{Mar.93 - - - 3| 100.00 3
Apr. - - - 4 100.00 4
May 1 7.14 2 14.29 11 78.57 14

{Mar.94 - 2 66.67 1 33.33 3

1 Apr. 1 20.00 1 20.00 3 60.00 5

{May - - - 51 100.00 5

4. Total 2 5.88 5 14.71 27 79.41 34




TABLE 5.18.

Monthly distribution of various maturity satges of P. sanguinolentus males
in the inshore waters at Malpe.

STAGE 1 STAGE 11 STAGE 111
Months (Immature) (Maturing) (Mature) Total
n % n % n % n

TRAWL CATCH
Nov.92 12 20.69 25] 43.10 21] 36.21 58
Dec. 14 8.43 401 24.10 112 67.47 166
Jan. 93 0 0 2 2.35 83| 97.65 85
Feb. 25 19.68 29 22.83 73| 57.48 127
Mar. 21 13.64 591 38.31 74| 48.05 154
-~ {Apr. 13 11.71 29] 26.13 69| 62.16 111
| May 12 14.81 16/ 19.75 53] 6543 81
Sep. 0 0 0 0 5| 100.00 5
1Ot 1] 100.00 0 0 0 0 1
Nov. 2 3.77 21| 39.62 60| 56.60 53
Dec. 2 2.86 18} 25.71 501 71.43 70
Jan.94 15 24.59 16] 26.23 30 49.18 61
Feb. 3 4.48 121 17.91 521 77.61 67
Mar. 4 80.00 0 0 1f 20.00 5
Apr. 11 17.74 18] 12.90 33] 69.35 62
May 9 11.11 40} 49.38 321 39.51 81
Total 144 12.13 335| 28.22 708] 59.65 1187

MINI TRAWL

Jul.93' 8 25.00 13] 40.62 111 34.78 32
Aug. 1 4.76 4] 19.05 16| 76.19 21
Jun.94 4 57.14 3] 42.86 0 0 7
Jul. 3 60.00 1| 20.00 1] 20.00 5
Total 16 24.62 21] 3231 28| 43.08 635

size range 80-170 mm CW



: 5.19.

y distribution of various maturity stages of P. sanguinolentus males
8 inshore waters at Karwar.

STAGE I STAGE II STAGE HI Total
(Immature) (Maturing) (Mature)
n % n % n % n
CATCH

0 0 0 0 40  100.00 40
0 0 4 9.52 38 90.48 42
1 3.03 2 6.06 30 90.91 33
5 8.77 12| 21.05 40 70.18 57
9 8.49 17| 16.04 80 75.47 106
6] 13.95 5] 1163 32 74.42 43
4 7.02 321 56.14 21 36.84 57
1 1.56 7] 10.94 56 87.50 64
1 10.00 1| 10.00 8 80.00 10
0 0 0 0 2| 100.00 2
4 8.33 16| 3333 28 58.33 48
31 6.18 96] 19.12 375 74.70 502

ENDD CATCH
0 0 3] 4286 4 57.14 7
0 0 0 0 0 0 0
an.9 0 0 0 0 2| 100.00 2
b, 5] 13.51 13] 35.14 19 51.35 37
dar. 2 5.88 51 1471 27 79.41 34
ol 2] 3333 2] 33.33 2 33.33 6
K. 0 0 1| 3333 2 66.67 3
mn.94 3] 50.00 2| 33.33 1] 16.67 6
. 0 0 3] 25.00 9 75.00 12
flar._ 6] 17.64 7] 20.59 21 61.76 34
ipr. 4]  17.39 5] 2174 14 60.87 23
ng 3] 25.00 2] 16.67 7 58.33 12
‘otal 250 14.20 43| 24.43 108] 6136 176

¢ range 80-170 mm CW




Monthly distribution of various maturity stages of
in the inshore /estuarine waters at Mangalore

P. sanguinolentus females

Months Stage I (IV) Stage I1 (IR) Stage III (EM) Stage IV (LM) Stage V(M) Stage VI (SP) Total
n % n I % n | % n | % n | % n I % n

TRAWL CATCH
Nov..92 17 23.61 29 40.28 23 31.94 0 0 0 3 4.17 72
Dec. 26 10.20 56 21.96 102 40.00 37 14.41 1 0.39 33 12.94 255
Jan. 93 0 0 32 20.38 29 18.47 16 10.19 13 8.29 67 42.68 157
Feb. 5 3.52 33 23.24 48 33.80 28 19.72 12 8.45 16 11.27 142
Mar 26 44.07 16 27.12 12 20.34 2 3.39 1 1.69 2 3.39 59
Apr. 9 13.04 26 37.68 13 18.84 18 26.09 1 1.45 2 2.90 69
May 6 13.33 21 46.67 5 11.11 12 26.67 0 1 2.22 45
Dec. 6 9.57 57 60.64 8 8.51 9 9.57 4 4.26 7 7.45 94
Jan. 94 10 9.26 50 46.30 13 12.04 15 13.88 10 9.26 10 9 .26 108
Feb. 0 0 3 33.33 0 0 3 33.33 3 33.33 0 0 9
Mar. 20 29.41 12 17.65 19 27.94 11 16.18 1 1.74 5 7.35 68
Apr. 5 19.23 5 19.23 3 11.54 6 23.08 6 23.08 1 3.84 26
May 7 24.14 7 24.14 1 3 45 6 20.68 7 24.14 1 345 29

Total 140 12.36 347 30.63 276 24.36 163 14.39 59 5.20 148 13.06 1133
MINI TRAWL CATCH
Mar.93 15 51.72 3 10.34 9 31.03 2 6.90 0 0 0 0 29
Apr. 2 66.67 1 33.33 0 0 0 0 0 0 0 0 3
May 4 44.44 2 22.22 0 0 3 33.33 0 0 0 0 9
Mar.94 2 100.00 0 0 0 0 0 0 0 0 0 0 2
Apr. 1 25.00 3 75.00 0 0 0 0 0 0 0 0 4
May 2 5.40 12 32.43 6 16.21 8 21.61 9 24.32 0 0 37

Total 26 30.95 21 25.00 15 17.86 13 15.48 9 10.71 0 0 84

Size range 80 - 170 mm CW
IV = immature virgins; IR = immature resting ; EM = early maturing; LM = late maturing; M = mature; SP = spent




TABLE §.21.

Monthly distribution of various maturity stages of P. sanguinolentus females in the inshore waters of Malpe

Months | STAGE I (IV) STAGE II (IR) STAGEHI (EM) STAGE IV (LM) STAGE V(M) STAGE VI (SP) TOTAL
n ] % n | % n I % n ] % n ] % n | % n

TRAWL CATCH

Oct. 92 0 0 2 100.00 0 0 0 0 0 0 0 0 2
Nov. 14 43.75 11 34.78 7 21.87 0 0 0 0 0 0 32
Dec. 16 10.74 37 28.83 38 25.50 15 10.07 21 14.09 22 14.77 149
Jan. 93 0 0 23 15.13 42 27.63 37 24.34 10 6.58 40 26.32 152
Feb. 37 36.63 40 39.60 4 3.96 10 9.90 7 6.93 3 2.98 101
Mar 29 25.22 53 46.09 11 9.56 17 14.78 0 0 5 4.35 115
Apr. 16 18.39 34 39.08 17 19.54 12 13.79 8 9.20 0 0 87
May 7 13.46 21 40.38 9 17.31 6 11.54 5 9.62 4 7.69 52
Sep. 0 0 9 90.00 0 0 0 0 1 10.00 0 0 10
Oct. 1 33.33 1 3.33 1 33.33 0 0 0 0 0 0 3
Nov. I 1.85 19 35.19 18 33.33 9 16.67 3 5.56 4 7.40 54
Dec. 19 25.33 25 33.33 14 18.67 17 22.67 0 0 0 0 75
Jan. 94 27 35.06 30 38.96 8 10.39 8 10.39 1 1.30 3 3.90 77
Feb. 13 16.46 37 46.84 23 29.11 6 7.59 0 0 0 0 79
Mar. 3 50.00 2 333 1 16.67 0 0 0 0 0 0 6
Apr. 32 52.46 22 36.06 8.20 2 3.28 0 0 0 0 61
May 34 56.67 17 28.33 2 3.33 4 6.67 2 3.33 1 1.67 60
Total 249 22.33 383 34.35 200 17.94 143 12.83 58 5.20 82 7.35 1115
MINI TRAWL

Jul.93 8 47.06 7 41.17 1 5.88 0 0 1 5.88 0 0 17
Aug. 5 23.81 14 66.67 2 9.52 0 0 0 0 0 0 21
Jul. 94 4 30.76 7 53.85 1 7.69 0 0 0 0 1 7.69 13
Total 17 33.33 28 54.90 4 7.84 0 0 1 1.96 1 1.96 51

Size group 80 - 170 mm CW IV = immature virgins; IR = immature resting; EM = early maturing; LM = late maturing; M = mature; SP = spent




TABLE 5.22.

Monthly distribution of various maturity stages of P. sanguinoientus females in the inshore waters at Karwar.

Months STAGE I (IV) STAGE II (IR) STAGEII (EM) STAGELV (LM) STAGEV (M) STAGE VI (SP) TOTAL
n | % n I % n | % n | % n [ % n | % n
TRAWL CATCH
Dec. 92 0 0 1 4.35 8 34.78 7 30.43 1 4.34 6 26.09 23
Jan. 93 0 0 i1 26.83 17 41.46 2 4.88 2 4.88 9 21.95 41
Feb. 1 4.54 36.36 9 40.91 2 9.09 1 4.55 1 4.55 22
Mar. 14 27.45 22 43.14 10 19.61 1 1.96 0 0 4 7.84 51
Apr. 14 22.58 23 37.10 12 19.35 6 9.68 1 1.61 6 9.68 62
May 7 25.93 11 40.74 2 7.41 4 14.81 2 7.41 1 3.70 27
Dec. 18 34.62 15 28.85 5 9.61 5 9.61 4 7.69 5 9.62 52
Jan. 94 3 5.08 25 42.38 7 11.86 8 13.56 9 15.26 7 11.86 59
Feb. 1 5.56 8 44.44 1 5.56 4 22.22 4 22.22 0 0 18
Mar. 0 0 5 55.56 0 0 0 0 2 22.22 2 2222 9
Apr. 9 33.33 9 33.33 4 14.82 0 0 3 11.11 2 7.41 27
Total 67 17.14 138 35.29 75 19.18 39 9.97 29 7.42 43 11.00 391
SHORE SEINE (YENDI) CATCH
Nov. 92 3 100.00 0 0 0 0 0 0 0 0 0 0 3
Jan. 93 0 0 0 0 3 100.00 0 0 0 0 0 0 3
Feb. 4 33.33 5 41.67 2 16.67 1 8.33 0 0 0 0 12
Mar. 3 30.00 6 60.00 1 10.00 0 0 0 0 0 0 10
Apr. 1 100.00 0 0 0 0 0 0 0 0 0 0 1
Jul. 4 66.67 1 16.67 0 0 0 0 0 0 1 16.67 6
Dec. 5 45.45 3 27.27 0 0 2 27.27 1 9.09 0 0 11
Jan. 94 5 100.00 0 0 0 0 0 0 0 0 0 0 5
Feb. 2 20.00 6 60.00 1 10.00 1 10.00 0 0 0 0 10
Mar. 6 27.27 12 54.54 1 4.55 0 0 3 13.64 0 0 22
Apr. 2 22.22 3 33.33 0 0 0 0 3 33.33 1 11.11 9
Aug. 2 12.50 9 56.25 1 6.25 0 0 2 12.50 2 12.50 16
Total 37 34.26 45 41.67 9 8.33 4 3.70 9 8.33 4 3.70 108

Size group 80 - 170 mm CW
IV = immature virgins; IR = immature resting; EM = early maturing; LM = late maturing; M = mature; SP = spent




LE5.23.

#hly distribution of various maturity stages of P.pelagicus males in the

fore/estuarine waters at Mangalore.

STAGE I STAGE I STAGE III
mths (Immature) (Maturing) (Mature) TOTAL
= n I % n % n % n
ﬁCATCH (inshore)

WL C
3] 8 42.10 2 10.53 9 47.37 19
22 55.00 7 17.50 11 27.50 40
54 73.97 10 13.70 9 12.33 73
81 55.10 19 12.93 47 31.97 147
94 5 14.71 9 26.47 20 58.82 34
. 8 12.12 8 12.12 50 75.76 66
89 68.46 18 13.85 23 17.69 130
111 69.81 22 13.84 26 16.35 159
31 59.62 9 17.31 12 23.09 52
E 409 56.81 104 14.44 207 28.75 720
[TRAWL CATCH (estuarine)
93 10 52.63 4 21.05 5 26.32 19
59 81.95 5 6.94 8 11.11 72
18 28.57 10 15.87 35 55.56 63
5 50.00 5 50.00 0 0 10
84 3 9.68 4 12.90 24 77.52 31
26 81.25 3 937 3 9.38 32
27 93.10 2 6.90 0 0 29
20 76.92 6 23.08 0 0 26
C 168 59.57 39 13.83 75 26.60 282
NET CATCH (inshore)
R 0 0 0 0 7 100.00 7
0 0 0 0 5 100.00 5
3 0 0 0 0 31 100.00 31
0 0 0 0 43 100.00 43

groups 80 - 170 mmCW




RE 5.24.

B inshore waters at Malpe.

y distribution of various maturity stages of P. pelagicus males

STAGE 1 STAGE II STAGE 1
(Immature) (Maturing) (Mature) TOTAL
n [ % n [ % n | % n

2 16.67 2 16.67 8 67.66 12

0 0 0 0 3] 100.00 3

1 100.00 0 0 0 0 1

1 33.33 0 0 2 66.67 3

2 40.00 0 0 3 60.00 5

18 35.30 5 9.80 28 54.90 51

27 40.91 10 15.15 29 43,94 66

13 19.70 7 10.61 32 48.49 52

12 26.67 3 6.67 30 66.67 45

2 3.23 0 0 60 96.67 62

2 4,00 1 2.00 47 94.00 50

3 100.00 0 0 0 0 3

8 38.10 0 0 13 61.90 21

5 9.62 7 13.46 40 76.92 52

5 38.46 2 15.38 6 46.16 13

23 47.92 8 16.67 17 35.41 48

27 77.14 2 5.72 6 17.14 35

6 21.43 3 10.71 19 67.86 28

157 28.55 50 9.09 343 62.36 550

WL CATCH

5 100.00 0 0 0 0 5

11 68.25 1 6.25 4 25.00 16

0 0 0 0 36/ 100.00 36

16 28.07 1 1.75 40 70.18 57




@aus 5.25.

onthly distribution of maturity stages of P. pelagicus males
the inshore waters at Karwar.

ths STAGE I STAGE II STAGE III TOTAL
(Immature) (Maturing) (Mature)

B n [ % n | % n | % n
WL CATCH
) 14 66.67 5 23.81 2 9.52 21
£93 16 37.21 15 34.88 12 27.91 43
24 47.06 8 15.69 19 37.25 51
A 6 24.00 5 20.00 14 56.00 25
£ 11 20.37 4 7.41 39 72.22 54
B 0 0 1 2.78 35 97.22 36
94 11 16.42 16 23.88 40 59.70 67
§_ 16 34.04 12 25.53 19 40.43 47
L 2 2.41 2 2.41 79 95.18 83
E 11 4231 5 19.23 10 38.46 26
Bl 111 24.50 73 16.11 269 59.38 453
BRE SEINE (YENDI) CATCH
%92 0 0 0 0 1] 100.00 1
£92 14 66.67 5] 2381 2 9.52 21
(93 16 37.21 15 34.88 12 27.91 43
L 11 37.93 4 13.79 14 48.28 29
5 83.33 1 16.67 0 0 6
0 0 0 0 20 100.00 2
B 0 0 2 50.00 2 50.00 4
Lo 1 100.00 0 0 0 0 1
L 6 85.71 0 0 1 14.29 7

15 53.57 4 14.29 9 32.14 28
E 3 42.86 1 14.28 3 42.86 7
32 21.48 46 30.87 149




TABLE 5.26.
Monthly distribution of various maturity stages of P. pelagicus females in the inshore/ estuarine
waters at Mangalore

Months STAGE I STAGEII | STAGEII | STAGEIV | STAGEV | STAGE VI
av (IR) EM) LM) (M) (SP) TOTAL
n | % n | 9% n | % n | % n | % n | % n

TRAWL CATCH (inshore)
Feb. 93 8] 30.77 14| 53.85 0 0 1/ 385 0 0 3] 11,54 26
Mar. 22] 55.00 15] 37.50 3| 7.50 0 0 0 0 0 0 40
Apr. 63| 86.30 71 _9.59 0 0 0 0 0 0 3] 411 73
May 106 72.60 38| 26.03 2] 137 0 0 0 0 0 0 146
Dec. 2] 16.67 10| 83.33 0 0 0 0 0 0 0 0 12

an. 94 8] 16.33 14] 28.57 17| 34.69 71 14.29 1; 204 2! 408 49
Feb. 3] 476 26| 41.28 2] 317 9] 14.29 13] 20.63 10{ 1587 63
Mar, 20] 2273 31] 3523 6] 682 17} 19.32 9] 10.22 5] 568 88
Apr, 114| 87.94 16§ 11.35 1] 071 0 0 0 0 0 0 131
Mav 61| 67.03 30¢ 32,97 0 0 0 0 0 0 0 0 91
Total 407 56.60{ 201| 27.96 311 4.31 34| 4.73 23] 3.20 231 320 719
MINI TRAWL CATCH (estuarine
Mar. 16| 76.19 5] 23.81 0 0 0 0 0 0 0 0 21
Apr. 561 93.33 4| 6.67 0 0 0 0 0 0 0 0 60
May 88| 94.62 5| 5.38 0 0 0 0 0 0 0 0 93
Jun 211} 100.00 0 0 0 0 0 0 0 0 0 0 21
Feb. 94 3] 811 15] 40.54 1] 270 5| 13.51 10} 27.03 3] 8.11 37
Mar. 30] 5263 20| 35.09 1j 175 1] 1.75 3] 5.26 2] 3352 57
Apr. 21| 91.30 2] 870 0 0 0 0 0 0 0 0 23
%11 50] 100.00 0 0 0 0 0 0 0 0 0 0 50

Total 285| 78.73 51{ 14.09 21 0.55 6] 1.66 13| 3.59 5| 1.38 362
GILL NET CATCH (inshore)

€p.92 0 0 5] 55.56 1/ 11.11 31 33.33 0 0 0 0 9
Oct. 0 0 71 70.00 0 0 0 0 0 0 3] 30.00 10

€p. 93 0 0 10] 33.33 S| 1667 5[ 1667 0 0 10| 3333 30

Total 0 0 22| 44.90 6| 12.24 8| 16.33 0 0 13| 26.53 49

Size group 80 - 170 mm CW .
IV = immature virgins; IR = immature resting; EM = early maturing; LM = late maturing; M = mature; SP = spent




Monthly distribution of various maturity stages of P. pelagicus females in the inshore waters at Maipe.

Months | STAGE I STAGENI | STAGE I STAGE IV STAGE V STAGE VI
) (IR) (EM) (LM) (%)) SP) TOTAL
n | % n | % n | % n | % n | % n | % n

TRAWL CATCH
Sep. 92 1| 455 8] 36.36 5] 22.73 7 31.81 1{ 455 0 0 22
Oct. 0 0 2 8.70 13] 56.52 5 21.74 3| 13.04 0 0 23
Dec. 21 66.67 1] 33.33 0 0 0 0 0 0 0 0 3
Jan. 93 1] 25.00 0 0 2| 50.00 1 25.00 0 0 0 0 4
Feb. 14} 35.90 11] 2821 51 12.82 7 17.94 0 0 2 5.13 39
Mar. 42| 54.54 26| 33.77 4| 5.19 1 1.30 1 1.30 3 3.90 77
Apr. 21] 37.50 27| 4821 7] 12.50 1 1.79 0 0 0 0 56
May 3] 7.50 33] 82.50 2| 5.00 1 2.50 0 0 1 2.50 40
Aug. 0 0 23] 74.19 8] 25.81 0 0 0 0 0 0 31
Sep. 2] 714 16| 57.14 10] 35.72 0 0 0 0 0 0 28
Nov. 1f 50.00 0 0 0 0 1 50.00 0 0 0 0 2
Dec. 7{ 46.67 0 0 2| 13.33 5 33.33 0 0 1 6.67 15
Jan. 94 3[ 13.64 11{ 50.00 3] 13.64 3 13.64 0 0 2 9.08 22
Feb. 9] 2195 10  24.39 8] 19.51 6 14.63 2| 488 6] 1464 41
Mar 5[ 22.72 4] 18.18 1| 455 1 4.55 10{ 4545 1 4.55 22
Apr. 41| 87.23 4 8.51 1| 2.13 0 0 0 0 1 2.13 47
May 15] 53.57 8] 28.57 3] 10.71 0 0 0 0 2 7.15 28
Sep. 1 1.75 14|  24.56 16| 28.07 19 33.33 5] 877 2 3.51 57

Total 168{ 30.16[ 198] 3555 90| 16.16 58 10.41 221  3.95 21 3.77 557
MINI TRAWL CATCH
Jun. 93 9/ 100.00 0 0 0 0 0 0 0 0 0 0 9
Jul. 11] 39.29 15 53.57 2] 7.14 0 0 0 0 0 0 28
Aug. 1 5.56 15| 83.33 11 5.56 0 0 0 0 1 5.56 18

Total 21| 38.18 30] 54.55 3] 545 0 0 0 0 1 1.82 55

Size group 80 - 170 mm CW

IV = immature virgins; IR = immature resting; EM = early maturing; LM = late maturing; M = mature; SP = spent




" TABLES.28. A
Monthly distribution of various maturity stages of P. pelagicus females in the inshore waters at Karwar.

Month STAGE 1 STAGE II STAGE 1 STAGE IV STAGE V STAGE VI TOTAL
av) (R) (EM) (LM) M) (SP)
n | % n | % n | % n | % n | % n | % n

TRAWL CATCH
Dec. 92 8| 33.33 1f 417 6| 25.00 4] 16.67 0 0 5] 2083 24
Jan. 93 21 3.17 2 317 33| 52.39 17| 26.98 3] 476 6] 9.53 63
Feb. 53] 77.94 12 17.65 2] 294 0 0 0 0 1] 147 68
Mar. 91 28.13 191 59.39 1{ 3.12 1] 312 1] 312 1] 312 32
Apr, 42| 56.76 31| 41.89 1 1.35 0 0 0 0 0 0 74
May 6] 14.63 34| 8293 0 0 1] 244 0 0 0 0 41
Jan. 94 291 23.96 56| 46.28 3] 248 9] 744 6] 496 18] 14.88 121
Feb. 12| 46.15 10{ 38.46 1{ 385 0 0 2| 769 1] 3.85 26
Mar. 2| 3.51 421 73.68 1 1.75 41 7.02 1 1.75 7] 12.30 57
Apr. 28 87.50 4] 12.50 0 0 0 0 0 0 0 0 32

Total 191] 35.50 2111 39.22 48{ 8.92 36|  6.69 131 242 39]  7.25 538
SHORE SEINE (YENDI) CATCH
Nov. 92 1] 20.00 3{ 60.00 1[ 20.00 0 0 0 0 0 0 5
Dec. 2| 28.57 0 0 3] 42.86 0 0 0 0 2] 2887 7
Jan. 93 3| 21.43 21 14.29 8| 57.14 1] 7.14 0 0 0 0 14
Feb. 7] 28.00 8| 32.00 1] 4.00 0 0 1]  4.00 8] 32.00 25
Mar. 1] 100.00 0 0 0 0 0 0 0 0 0 0 1
Nov.* 0 0 5] 31.25 1{ 6.25 4] 25.00 0 0 6] 37.50 16
Dec. 2| 20.00 7[ 70.00 0 0 1[ 10.00 0 0 0 0 10
Jan. 94 6| 8571 0 0 0 0 1] 14.29 0 0 0 0 7
Feb. 4] 66.66 1| 16.67 1| 16.67 0 0 0 0 0 0 6
Mar. 19{ 82.61 41 17.39 0 0 0 0 0 0 0 0 23
Apr. 4| 100.00 0 0 0 0 0 0 0 0 0 0 4

Total 49] 41.53 30{ 2542 15 12.71 71 593 1] 0.85 16| 13.56 118

Size groups 80 - 170 mm CW

IV = immature virgins; IR = immature resting; EM = early maturing; LM = late maturing; M = mature; SP = spent

Asterisk indicztes gill net catch




TABLE 5:29.
Distribution of ovigerous females of P. sanguinolentus in different months
in the inshore waters at Mangalore, Malpe and Karwar.

(TRAWL CATCH)
MANGALORE MALPE KARWAR
Months |Berried Total Berried |Berried |Total Berried Berried |Total Berried
females females females |females |females |females females [females |[females
n n % n n % n n %

Oct. 92 - - - 0 2 0 - - -
Nov. 0 72 0 0 32 0 - - -
Dec. 26 255 10.20 20 149 13.42 6 23 26.09
Jan. 93 36 157 22.93 57 152 37.50 5 41 12.20
Feb.. 45 142 31.69 14 101 13.86 2 22 9.09
Mar. 2 59 3.39 8 115 6.96 1 51 1.96
Apr. 11 69 15.94 17 87 19.54 5 62 8.06
May 13 45 28.89 10 52 19.23 2 27 5.41
Sep. - - - 3 10 30.00 - - -
Oct. - - - 0 3 0 - - -
Nov. - - - 0 54 0 - - -
Dec. 17 94 18.09 8 75 10.67 8 52 15.38
Jan. 94 13 108 12.04 20 77 2597 15 59 25.42
Feb.. 1 9 11.11 17 79 21.52 4 18 22.22
Mar. 8 68 11.76 1 6 16.67 5 9 55.56
Apr. 3 26 11.54 2 61 3.28 3 27 11.11
May 2 29 6.90 2 60 3.33 - - -

Total 177 1133 15.62 179 1115 16.05 56 391 14.32

For all females crabs measuring 80 mm CW and above considered



TABLE 5.30.

Distribution of ovigerous females of P. sanguinolentus in different months in the inshore/ estuarine waters

at Mangalore, Malpe and Karwar.

INDIGENOUS GEARS
MANGALORE(estuarine) MALPE (inshore) KARWAR (inshore)
Months Berried Total Berried Berried Total Berried Berried Total Berried
females females females females females females females | females females
n n % n n % n n %
Nov. 92 - - - - - - - - -
Dec. - - - - - - 0 3 0
Jan. 93 - - - - - - - - -
Feb. - - - - - - 0 3 0
Mar. 3 29 10.34 - - - 2 10 20.00
Apr.. 0 3 0 - - - 0 1 0
May. 0 9 0 - - - - - -
Jul.. - - - 0 17 0 0 6 0
Aug. - - - 0 21 0 - - -
Dec. - - - - - - 1 11 9.09
Jan. 94 - - - - - 0 5 0
Feb. - - - - - - 1 10 10.00
Mar. 0 2 0 - - - 2 22 8.00
Apr.. 0 4 0 - - - 0 9 0
May.. 1 37 2.70 - - - - - -
Jul. - - - 1 13 7.69 - - -
Aug. - - - - - - 2 16 12.50
Total 4 84 4.76 1 51 1.96 8 111 7.21




TABLE 5.31.

Distribution of ovigerous females of P.
Mangalore, Malpe and Karwar.

pelagicus in different months in the inshore waters at

(TRAWL CATCH)
MANGALORE MALPE KARWAR
Months |Berried Total Berried Berried Total Berried Berried Total Berried
females females females females females females females females females
n n % n n % n n %
Sep. 92 - - - 4 22 18.18 - - -
Oct. - - - 3 23 13.04 - - -
Nov. 92 - - - - - - - - -
Dec. - - - 0 3 0 4 24 16.67
Jan. 93 - - - 1 4 25.00 16 63 25.40
Feb. 3 26 11.54 15 39 38.46 6 68 8.82
Mar 3 40 7.50 6 77 7.79 3 32 9.38
Apr. 0 73 0 0 56 0 0 74 0
May 0 146 0 1 40 2.50 0 41 0
Jul. - - - - - - - - -
Aug. - - - 2 31 6.45 - - -
Sep. - - - 1 28 3.57 - - -
Oct. - - - - - - - - -
Nov. - - - 0 2 0 - - -
Dec. 2 12 16.67 4 15 26.67 - - -
Jan. 94 15 49 30.61 8 22 36.36 41 121 33.88
Feb. 30 63 47.62 11 41 26.83 2 26 7.69
Mar. 22 88 25.00 3 22 13.64 13 57 22.81
Apr. 1 131 0.76 0 47 0 0 32 0
May 0 91 0 0 28 0 - - -
Sep. - . - 5 57 8.77 - - -
Total 76 719 10.57 64 557 11.49 85 538 15.80




TABLE 5.32.

Distribution of ovigerous females of P.

Mangaiore, Malpe and Karwar.

pelagicus in different months in the inshore/ estuarine waters at

MANGALORE (estuarine) MALRPE (inshore) KARWAR (inshore)
Mini trawl catch Mini trawl catch Mini trawl catch
Months Berried Total Berried Berried Total Berried Berried Total Berried
females females females females females females females females females
n n Yo n n % n n %

Sep. 92%* 1 9 1111 - - - - -

Oct * 3 10 30.00 - - - - -

Nov. - - - - - - 1 5 20.00
Dec. - - - - - - 1 7 1429
Jan. 93 - - - - - - 0 14 0
Feb. - - - - - - 1 25 4.00
Mar. 0 21 0 - - - 0 1 0
Apr.. 0 60 0 - - - - - -
May. 0 93 0 - - - - - -
Jun, 0 21 0 0 9 0 - - -
Jul. - - - 0 28 0 - - -
Aug - - - 1 18 5.56 - - -
Sep.* 18 30 60.00 - - - - - -
Oct. - - - - - - - -

Nov * - - - - - - 7 16 43.75
Dec. - - - - - - 1 10 10.00
Jan, 94 - - - - - - 0 7 0
Feb. 3 37 8.11 - - - 0 6 0
Mar. 10 57 17.54 - - - 2 23 0
Apr. 0 23 0 - - - 0 4 0
May. 0 50 0 - - - - - -
Jul. - - - - - - - - -
Aug - - - - - - 2 16 12.50
Total 35 411 8.52 1 55 1.82 11 118 9.32

Aster sk indicates gill net catch from inshore waters




TABLE 5.33.

Monthly distribution of sex ratio in adult crabs of P. sanguinolentus in the
inshore estuarine waters at Mangalore.

Months Males Females Total % % Sex ratio
n n n Males Females (M/F)
TRAWL CATCH
Nov. 92 51 72 123 41.46 58.54 0.71
Dec. 235 255 490 47.96 52.04 0.92
Jan. 93 174 157 331 52.57 47.43 1.11
Feb. 83 142 225 36.89 63.11 0.58
IMar. 61 59 120 50.83 49.17 1.03
Apr. 97 69 166 58.43 41.57 1.41
May 46 45 91 50.55 49 45 1.02
Nov. 4 0 4 100.00 0 -
Dec. 68 94 162 41.98 58.02 0.72
Jan, 94 135 108 243 55.56 44.44 1.25
Feb. 4 9 13 30.77 69.23 0.44
Mar. 56 63 124 45.16 54.84 0.82
Apr. 18 26 44 40.91 59.09 0.69
May 18 29 47 38.30 61.70 0.62
Total 1050 1133 2183 48.10 51.90 0.93
MINI TRAWL CATCH (estuarine)
Mar. 93 3 29 32 9.38 90.62 0.10
Apr. 4 3 7 57.14 42.86 1.33
May 14 9 23 60.87 39.13 1.56
Mar. 94 3 2 5 60.00 40.00 1.50
Apr. 5 4 9 55.56 44 .44 1.25
May. 5 37 42 11.90 88.10 0.14
Total 34 84 118 28.81 71.19 0.40

Crabs measuring 80 mm CW and above were treated as adults



TABLE 5.34.

Monthly distribution of sex ratio in adult crabs of P. sanguinolentus
in the inshore waters at Malpe.

Months Males Females Total % % Sex ratio
n n n Males Females (M/F)

TRAWL CATCH
Oct. 92 0 2 2 0 100.00 -
Nov. 58 32 90 64.44 35.56 1.81
Dec. 166 149 315 52.70 47.30 1.11
Jan. 93 85 152 237 35.86 64.14 0.56
Feb. 127 101 228 55.70 44.30 1.26
Mar. 154 115 269 57.25 42.75 1.34
Apr. 111 87 198 56.06 43.94 1.28
May 81 52 133 60.90 39.10 1.56
Sep. 5 10 15 33.33 66.67 0.50
Oct. 1 3 4 25.00 75.00 0.33
Nov. 53 54 107 49.53 50.47 0.98
Dec. 70 75 145 48.25 51.72 0.93
Jan. 94 61 77 138 4420 55.80 0.79
Feb. 67 79 146 45.89 54.11 0.85
Mar. 5 6 11 45.45 54.55 0.83
Apr. 62 61 123 50.41 49 59 1.02
Ma 81 60 141 57.45 42.55 1.35

Total 1187 1185 2302 51.56 48.44 1.06
MINI TRAWL CATCH
Jul. 93 32 17 49 65.31 34.69 1.88
Aug. 21 21 42 50.00 50.00 1.00
Jun. 94 7 0 7 100.00 0 -
Jul. 5 13 18 27.78 72.22 0.38
Total 65 51 116 56.03 43.97 1.27

Crabs measuring 80 mm CW and above were treated as adults




TABLE 5.35.

Monthly distribution of sex ratio in adult crabs of P. sanguinolentus
in the inshore waters at Karwar.

Months Males Females Total % % Sex ratio
n n n Males Females (M/F)
TRAWL CATCH
Dec. 92 40 23 63 63.49 36.51 1.74
Jan, 93 42 41 83 50.60 49.40 1.02
Feb. 33 22 55 60.00 40.00 1.50
Mar. 58 51 109 53.21 46.79 1.14
Apr. 106 62 168 63.10 36.90 171
May. 43 27 70 61.14 38.57 1.59
Dec. 57 52 109 52.29 47.71 1.10
Jan. 94 64 59 123 52.03 47.97 1.08
Feb. 10 18 28 35.71 64.29 0.56
Mar. 2 9 11 18.18 81.82 0.22
Apr. 48 27 75 64.00 36.00 1.78
Total 503 391 894 56.26 43.74 1.29
SHORE SEINE (YENDI CATCH)
Nov. 92 7 3 10 70.00 30.00 2.33
Jan. 93 2 3 5 40.00 60.00 0.67
Feb. 38 12 50 76.00 24.00 3.17
Mar. 34 10 44 77.27 22.73 3.40
Apr. 0 1 1 0]  100.00 -
Jul 6 12 50.00 50.00 1.00
Dec. 3 11 14 21.43 78.57 0.27
Jan. 94 7 12 58.33 41.67| 1.40
Feb. 12 10 22 54.55]  45.45] 1.20
Mar, 34 22 56 60.71 39.29 1.54
1Apr. 23 9 32 71.88 28.12 2.56
fAug. 12 16 28 42.86 57.14 0.75
1 Total 178 108 286 62.24 37.76 1.65

- Crabs measuring 80 mm CW and above were treated as adults



TABLE 5.36.
Monthly distribution of sex ratio in adult crabs of P. pelagicus in the
inshore/estuarine waters at Mangalore.

Months Males Females Total % % Sex ratio
n n n Males Females (M/F)
TRAWL CATCH
Feb. 93 19 26 45 4222 57.78 0.75
Mar. 40 40 30 50.00 50.00 1.00
Apr. 73 73 146 50.00 50.00 1.00
May. 147 146 293 50.17 49 83 1.01
Dec. 0 12 12 0 100.00 -
Jan, 94 34 49 83 40.96 59.04 0.69
Feb. 66 63 129 51.16 48.84 1.05
Mar. 130 88 218 59.63 40.37 1.48
Apr, 159 131 290 54.83 45.17 1.21
Ma 52 91 143 36.36 63.64 0.57
Total 720 719 1439 50.03 49.97 1.00
MINI TRAWL CATCH (estuarine)
Mar. 93 19 21 40 47.50 52.50 0.90
Apr. 72 60 132 54.55 4545 1.20
May 63 93 156 40.38 59.62 0.68
Jun, 10 21 31 32.26 67.74 0.48
Feb. 94 31 37 68 45.59 54.41 0.84
Mar. 32 57 89 35.96 64.04 0.56
Apr. 29 23 52 55.57 44.23 1.26
* [May 26 50 76 34.21 65.79 0.52
Total 282 362 644 43.79 56.21 0.78
“|GILL NET CATCH (inshore)
; . 92 7 9 16 43.75 56.25 0.78
10ct. 5 10 15 33.33 66.67 0.50
{Sep. 93 29 30 59 49.15 50.85 0.97
Es?;al 41 49 90 45.56 54.44 0.84

-~ Crabs measuring 80 mm CW and above were treated as adults



TABLE 5.37.

Monthly distribution of sex ratio in adul
in the inshore waters at Malipe.

t crabs of P. pelagicus

Months Males Females Total % % Sex ratio
n n n Males Females (M/F)
TRAWL CATCH
Sep. 92 12 22 34 35.29 64.71 0.55
Oct. 92 3 23 26 11.54 88.46 0.13
Nov. 1 0 1 100.00 0 ) -
Dec. 3 3 6 50.00 50.00 1.00
Jan. 93 5 4 9 55.56 44 .44 1.25
Feb. 51 39 90 56.67 43.33 1.31
Mar. 66 77 143 46.15 53.85 0.86
Apr. 52 56 108 48.15 53.85 0.93
May. 45 40 85 52.94 47.06 1.13
Aug. 62 31 93 66.67 33.33 2.00
Sep. 50 28 78 64.10 35.90 1.79
Nov. 0 2 2 0 100.00 -
Dec. 3 15 18 16.67 83.33 0.20
Jan. 94 21 22 43 48.84 51.16 0.95
{Feb. 52 41 93 5591 44.09 1.27
Mar, 13 22 33 39.39 66.67 0.59
Apr. 48 47 95 50.53 49.47 1.02
May 35 28 63 55.56 44 .44 1.25
Sep. 28 57 85 32.94 67.06 0.49
Total 550 557 1107 49.68 50.32 0.99
MINI TRAWL CATCH
Jun. 93 5 9 14 35.71 64.29 0.56
Jul. 16 28 44 36.36 63.64 0.57
Aug. 36 18 54 66.67 33.33 2.00
Total 57 55 112 50.89 4911 1.04

Crabs measuring 80 mm CW and above were treated as adults



TABLE 5.38.
Monthly distribution of sex ratio in adult crabs of P. pelagicus
in the inshore waters at Karwar.

Months Males Females Total % % Sex ratio
n n n Males Females (M/F)
TRAWL CATCH
{Dec. 92 21 24 45 46.67 53.33 0.88
Jan. 93 43 63 106 40.57 59.43 0.68
{Feb. 51 68 119 42 .86 57.14 0.75
Mar. 25 32 57 43.86 56.14 0.78
Tapr. 54 74 28] 4219] 5781 0.73
Ma 36 41 77 46.75 53.25 0.88
Jan. 94 67 121 188 35.36 64.36 0.53
{Feb. 47 26 73 64.38 35.62 1.81
{Mar. 83 57 140 59.29 40.71 1.46
Apr. 26 32 58 44.83 55.17 0.81
|Total 453 538 991 45.71 54.29 0.84
{SHORE SEINE (YENDI CATCH)
Nov. 92 1 5 6 16.67 83.33 0.20
Dec. 21 7 28 75.00 25.00 3.00
Jan. 93 43 14 57 75.44 24.56 3.07
Feb. 29 25 54 53.70 46.30 1.16
|Mar. 6 1 7 85.71 14.29 6.00
T. - - - - - -
Nov. * 2 16 18 11.11 88.89 0.13
Dec. 4 10 14 28.57 71.14 0.40
Jan. 94 1 7 8 12.50 87.50 0.14
% 7 6 13 53.85 46.15 1.17
Mar. 28 23 51 54.90 45.10 1.22
Apr. 7 4 11 63.64 36.36 0.64
Total 149 118 267 55.80 44.19 1.26

<Asterisk indicates gell net catch
:Crabs measuring 80 mm CW and above were treated as adults



P. sanguinolentus
Gear Period df Chi-square Significant at

5% 1%
trawl 1992-93 6 23.7352 S S
trawl 1993-94 6 16.8137 S S
minitrawl 1992-93 2 29.0593 S S
minitrawl 1993-94 2 12.0950 S NS
trawl 1992-93 7 41.4468 S S
trawl 1993-94 8 8.3764 NS NS
trawl 1992-93 5 5.2772 NS NS
trawl 1993-94 4 12.3383 S NS
shore seine 1992-93 4 6.1994 NS NS
shore seine 1993-94 6 12.6614 S NS

P. pelagicus

trawl 1992-93 3 1.0017 NS NS
trawl 1993-94 5 36.1378 S S
minitrawl 1992-93 3 8.2665 S NS
minitrawl 1993-94 3 7.6502 NS NS
trawl 1992-93 8 21.036 S S
trawl 1993-94 9 41.4854 S S
trawl 1992-93 5 1.0309 NS NS
trawl 1993-94 3 26.7033 S S
shore seine 1992-93 4 14.5800 S S
shore seine 1993-94 5 17.2054 S S




TABLE 5.40.

Developmental stages of eggs on pleopods in P. sanguinolentus at Mangalore, Malpe and Karwar.

MANGALORE MALPE KARWAR
STAGEI | STAGENl | STAGEII | STAGEI | STAGEII | STAGEIIl | STAGEI | STAGEII | STAGE IiI
n_ % n % n % n % n_ % n % n_ % n % n %
Dec. 92 21 80.77] 5 19.23] 0 0]15 75.00| 3 1500 2 10.00f 5 8833| 1 16.67| 0 0
Jan. 93 24 6667 7 1944] 5 13.89|38 66.67| 9 15791 10 1754 4 80.00| 0 0] 1 20.00
Feb. 29 6444 11 2444 5 11.11] 3 21431 4 2857 7 50.00] 2 100.00( 0 0] 0 0
Mar. 2 100.001 0 0] O 0 100.00] 0 0] 0 0} 0 0] 0 0f 1 100.00
Apr. 11 10000 0 of 0 0]14 8235 1 588 2 1176 3 60.00| 2  40.00] 0 0
May 13 100.00f 0 0] O 0 80.00} 1 10.00{f 1 10.00] O 0| 2 100.00f 0 0
Sep. - - - - - -1 3 100.00( 0O 0] 0 ol - -l - - - -
Dec. 8 4706 6 3229 3 17.65| 7 8750 1 1250 © 0] 6 7500] 1 1250 1 12.50
Jan. 94 12 9231 0 0| 1 7.69| 11 55001 3 1500 6 30.00f 10 66.67] 4 26.67| 1 6.67
Feb. 0 0 0 0] 1 100.00]15 88.24| 1 588 1 1.88] 4 100.00| 0 0] O 0
Mar. 8 100.00 0 ol 0 01 100.00| 0 0] 0 0] 4 8000 1 20.00] 0 0
Apr. 2 66.67 0 0] 1 33332 10000 O 0} 0 0} 0 0| 1 33.33] 2 66.67
May 2 00.00 0 0] 0 0] 1 50001 1 5000 0 0| - - - -l - -
Jul. - -l - - - -1 100.00| 0 0l 0 0] - -l - - - -




TABLE 5.41.

Developmental stages of eggs on pleopods in P, pelagicus at Mangalore, Malpe and Karwar.

MANGALORE MALPE KARWAR

STAGEI | STAGEII | STAGEII | STAGEI | STAGEI | STAGEIII | STAGEI STAGE I { STAGE III

n % n % n %] n % n % | n % | n % n %] n %
Sep. 92 1 100.00] 0 0f 0 O] 1 2500] 3 75.00f 0 0 - - - -l - -
Oct. 2 66.67! 1 3333 0 0] 2 66671 1 3333] 0 0 - - - -l - -
Dec. 92 - - - - - -l - - - -l - -l 5 100.00] 0 0] 0 0
Jan. 93 - -l - - - -1 1 100.00] 0 0] 0 0 0 0] 10 6250 6 37.50
Feb. 3 10000 O 0 0 0110 7143] 2 1429 2 1429 3 4286 57.141 0 0
Mar. 2 66.67| 1 3333 0 0] 3 50.00] 3 5000 0 0] 1 3333 1 33.33 1 33.33
Apr. - -1 - - - -l - -1 - - - -l - - - -1 0 0
May - -l - - - -l 1 100.00] 0 0f 0 0 - - - -1 0 0
Aug. - -1 - - - -1 3 100.00} 0 0| 0 0] - - - - - -
Sep. 14 50.00] 14 50.00f 0 0f 1 100.00] o 0| 0 0] - - - -1 - -
Nov. - -1 - - - -l - -l - - - -l 7 100.00] 0 0] 0 0
Dec. 1 50.00] 1  50.00{ 0 0] 2 5000] 1 1250 1 1250{ 1 100.00| 0 0l 0 0
Jan. 94 15 100.00! 0 of 0 0] 6 75001 2 2500] O 0] 37 88.10 3 7.14] 2 2.76
Feb. 24 72731 8 2424 1 303 9 8182 2 18.18| 0 0] 1 5000/ 0 0] 1 50.00
Mar. 23 7188 9 2812 0 0] 1 3333 1 3333] 1 3333] 9 6923 4 30771 O 0
Apr. 1 100.00] 0 0 0 0| - - - -l - -l - - - -1 - -
May - -l - - - - - - -l - -l - - - - - -




TABLE 5.42.

Carapace width, crab weight, egg mass wei

P. sanguinolentus.

ght and fecundity in

Carapace Crab Egg mass
width weight weight Fecundity
(mm) (2 (8)
82 32.74 3.34 216150
87 46.01 4.65 380350
88 37.31 5.41 270230
89 51.31 6.11 285920
92 4451 767 430200
93 4472 2.68 200490
94 4201 7.42 385310
94 5575 775 346500,
95 63.8 6.97 685490
95 44.42 3.39 210570)
95 45725 321 216150]
95 45.61 3.39 240780]
97 5535 74 428650]
100 885 3.81 165020]
100 493 71 386450}
102 53.64 83 618870]
104 683 11.65 424870)
105 74.65 11.25 543750
107 72.02 122 542630}
108 73.16 13.81 738380]
110 85.29 13.49 548670)
110 1202 10.02 431300
111 1277 8.84 681250]
112 889 20.5 696250
113 79 5.15 319640)
114 84.59 933 525120]
115 82.69 72 519640}
115 8318 11.35 571020}
116 8232 9.64 341280]
116 127.5 15.83 577490
116 66.2 87 312520
116 79.27 5.07 199300
116 69.79 7.3 342590
117 90.59 13.54 660380
118 1229 7.23 283840
118 104.52 13.06 467750
118 130.4 17.68 787700
120 10312 14.4 841430
121 912 12.1 520650
122 108.48 13.54 656050
122 11824 125 711080
124 13512 20.25 894760
124 12512 1546 826520
126 120.1 9.4 318360
127 115.69 9773 523640
130 186.2 296 378850
131 14371 17.08 1190160
131 13221 16.66 1015600
132 123.08 16.63 693720
133 128.29 8.65 281460,
135 160.7 17.25 700940}
136 142.74 23.59 881820}
138 160.87 17.1 102070}
139 136.21 15.39 1096350}
142 150.66 1733 387990
3% 21731 1836 1030272'




TABLE 5.43,

Carapace width, crab weight, e

P. pelagicus.

gg mass weight and fecundity in

Carapace Crab Egg mass
width weight weight Fecundity
(mm) (8) (8)
88 3533 1.84 56420,
89 38.7 214 77480]
95 5223 542 22269@
97 50.97 5.61 1319@'
100 73.88 8.74 792970
100 101.13 14.82 375870
104 102.45 7.25 256010
104 8248 4.56 158080
105 83.09 5.72 218100]
109 72.04 7.79 357110
110 48.6 534 15783@
110 117.53 11.5 3931@
113 103.87 16.14 6890@
115 90.66 52 1184@'
115 90.75 7.28 213240
115 62.01 6.2 155960
117 108.8 12.55 390610
118 121.06 13.19 475530]
120 119.39 16.08 6248@'
121 132.24 13.12 3527%'
122 118.05 11.36 44256@
125 142.36 15.72 659770]
127 144.19 8.78 16350@
127 142.49 21.54 614226]
130 181.91 14.12 4025?0'
130 225.03 29.17 672@
135 235.01 4422 IIOQﬁI
136 178.61 15.13 576620
137 170.27 14.38 470880
140 175.12 24.73 1073570
140 186.8 10.84 3295%'
140 180.01 31.71 7535ﬂ
140 198.54 13.79 274m|
141 179.49 12.26 335250
142 230.33 18.14 584650
145 202.01 12.1 512850
147 220.34 20.22 469300,
150 210.02 23.21 413840
150 24412 25.75 693460
155 219.75 7.35 179950
158 292.02 29.42 938740
159 348.01 28.42 890040
163 355.12 22.42 850250
165 352.02 24.12 875400
171 382.05 26.16 9467m
1'76 368.02 2432 362020}




- TABLE 5.44.

Average carapace width, average weight,

- and eggmass index in P. sanguinolentus.

eggmass weight, average fecundity per brood

181 No.,

Size n Carapace Average Eggmass Total no. Eggmass
group width weight weight of eggs index
(mm) (mm) @) ()

80-90 4 86.5+3.11 41.15+941| 487+1.18 2,88,162 11.83
90-100 9 943+£1.42 48.63+7.11| 526232 3,36,926 10.82
100-110 8 103.6 +3.12 67.43 £ 13.78| 10.25 + 3.55 4,88,528 15.20
110-120 | 17 114.7 £ 2.84 8142+11.41| 1071+ 4.67 4,83,789 13.40
120-130 8 123.2 +£2 .40 11235+ 8.10] 14.22 + 4.46 7,42,477 12.66
130-140 6 133.8+3.11 146.0 £ 19.98( 17.99 + 5.56 7,37,886 12.32
140-150 3 145.0+3.40] 153.74+1520] 1883+ 173 4,67,880 12.24
150-160 2 1540+ 1.41| 22877+ 16.06 19.58 + 1.72] 920,510 8.56

5Average carapace width, average weight, e
ood and eggmass index in P, pelagicus.

ggmass weight, average fecundity per

Size n Carapace Average Eggmass Total no. Eggmass
group width weight weight of eggs index
(mm) (mm) ®) (S)
80-90 2 883+ 1.06 37.01 £2.38 1.99 +0.22 66,950 5.37
90-100 2 96.2 + 1.04 52.88 +2.31 5.84 £0.58 1,90,017 11.05
100-110 6 103.7+£3.39] 85.99 +13.10 8.15+3.59 1,46,515 9.47
110-120 8 114.1+£295] 92.91+1141 9.67+4.18 3,24,218 10.41
120-130 6 123.7+£3.08] 132.12+11.94( 14.43 +4 42 4,76,273 10.84
130-140 5 133.6 +3.36] 198.16 +29.59 23.40 + 13 26 6,46,412 11.81
140-150 8 141.3+£2.69| 196.58 +20.21| 17.97+732 5,41,610 9.14
150-160 5 154.4 +4.28] 262.77+57.23| 22.83+898 6,23,206 8.69
160-170 2 164.0+1.41] 353.56+2.21] 2327+119 8,62,825 6.58
170-180 2 173.5+3.54] 37532+964] 2529+130 9,04,370 6.72



TABLE 5.46.

Statistical relationships between carapace width and e
eggmass weight/ fecundity,

ggmass weight/ fecundity and crab weight and
and eggmass weight and fecundity in P. sanguinolentus and P. pelagicus.

Variables Constant St. Err. R. squared no.of | df | Xcoefficient | St Errof
X Y Y. est ob. coeff.
P. sanguinolentus
Carapace width Eggmass weight -11.63054 0.3909 0.5639 57 55 2.9467 0.3494
Carapace width Fecundity 4.55172 0.5595 0.1732 57 55 1.7888 0.5271
Crab weight Eggmass weight -1.95773 0.3551 0.6003 57 55 0.9527 0.1048
Crab weight Fecundity 10.29268 0.5491 0.2035 57 55 0.6077 0.1621
Eggmass weight Fecundity 11.59027 0.5086 0.3167 57 55 0.6167 0.1221
P. pelagicus
Carapace width Eggmass weight -12.1915 0.4468 0.5971 46 44 3.0425 0.3765
Carapace width Fecundity 0.20362 0.5705 0.4010 46 44 2.6091 0.4807
Crab weight Eggmass weight -2.98089 0.1376 0.9618 46 44 1.1144 0.0335
Crab weight Fecundity 8.23468 0.4590 0.6201 46 44 0.9307 0.1117
Eggmass weight Fecundity 10.75587 0.4559 0.6175 46 44 0.8225 0.0976




TABLE 5.47.
Reproductive potential in P. sanguinolentus and P. pelagicus.

Size class of females (CW in mm)

80-90 | 90-100 [100-110| 110-120 [120-130| 130-140 | 140-150 | 150-160 | 160-170
P. sanguinolentus (n = 2882)
A % of total females 248 | 223 18.3 16.1 10.5 5.9 18 03 -
B % berry 1.9 12.6 19.7 30.3 21.8 10.9 22 0.5 -
C mean fecundity (x 100.000) | 2.9 3.4 49 48 7.4 7.4 47 9.2 -
D 1IRP (47.6) 28.7 | 200.7 | 371.1 491.9 355.9 100.0 39 0.3 -
E % of total egg production 1.8 12.9 239 31.7 229 6.4 0.3 0.0 -
F E/A (Productivity) 0.1 0.6 1.3 2.0 22 1.1 0.2 0.0 -
P. pelagicus (n = 2387)
A % of total females 226 | 222 18.5 10.9 7.3 7.1 5.2 5.9 08
B % berry 3.0 14.6 217 15.0 11.6 11.2 9.7 9.0 41
C mean fecundity (x 100,000) | 0.7 1.9 1.5 32 438 6.5 54 6.2 8.6
D IRP (27.2) 174 | 2264 | 2214 192.4 1494 190.0 100.0 121.0 10.4
E % of total egg production 1.4 184 18.0 157 122 15.5 8.1 9.9 0.8
F E/A (Productivity) 0.1 0.8 1.0 1.4 1.7 22 1.6 1.7 1.0
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%1 The measurements made on each specimen of P. pelagicus and P. sanguinolntus
for morphometric studies.
A - carapace dorsal view; B - chela; C - abdomen.
CW -carapace width; CL -carapace length; Ch L -chelar propodus length; Ch D - chelar
propodus depth; Ab W - width of fourth abdominal segment; Ab L - length of abdomen.
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A - Diagrammatic representation of female (A) and male (B) reproductive

organs of P. sanguinolentus and P. pelagicus.
SR - seminal receptacle; O - oviduct;: AVD-proximal vas deferens; MVD - mid vas deferens; ED
- ejaculatory duct; P - penis. ’
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Fig. 5.3.

Ova diameter frequency polygons showing the development of ova from
immature to mature stage in P. sanguinolentus (S) and P. pelagicus (P).
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5.9. P. sanguinolentus males. '
A - growth pattern of chelar propodus length in relation to carapace widtl
B- growth pattern of chelar propodus depth in relation to carapace width.
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‘length in P. pelagicus.
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Lig 5.15. P. sanguinolentus females.
A - growth pattern of abdomen length in relation to carapace length.
B - growth pattern of abdomen width in relation to carapace length.
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518 A - growth variation of abdomen width in relation to abdomen length in P,
sanguinolentus,

B - growth variation of abdomen width in relation to abdomen length in 7.
pelagicus.
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Fig. 6.19. A - monthwise distribution of soft females in P sanguinolentus;,
B - monthwise distribution of soft females in P, pelagicus.
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Fig. 5.20. P. sanguinolentus males.

A - monthwise distribution of maturity stages at Mangalore;
B -monthwise distribution of maturity stages at Malpe;
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C -monthwise distribution of maturity stages at Karwar.
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Fig. 5.21. P sanguinolentus females.
A - monthwise distribution of maturity stages at Mangalore;
B -monthwise distribution of maturity stages at Malpe.
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Etg 5.21. P sanguinolentus females.
C - monthwise distribution of maturity stages at Karwar.
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Fig. 5.22. P. pelagicus males.

A - monthwise distribution of maturity stages at Mangalore;
B - monthwise distribution of maturity stges at Malpe.
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fig. 5.22. P. pelagicus males.
C- monthwise distribution of maturity stages at Karwar.
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Fig. 5.23. P pelagicus females.
A - monthwise distribution of maturity stages at Mangalore;
B - monthwise distribution maturity stages at Malpe.
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Fig. 5.23. P. pelagicus females.
C -monthwise distribution of maturity stages at Karwar.
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Fig 5.24. p sanguinolentus males.
A - sizewise distribution of maturity stages at Mangalore;
B - sizewise distribution of maturity stages at Malpe.
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AGE AND GROWTH
INTRODUCTION

~ Age and growth studies are directed to understand the age composition of the
%ulation, age at maturation, life span and pattern of growth of a species in different
Ees of its life history. Information on these aspects are useful in determining the
;meters such as, L, K and t, from which mortality, survival rate and recruitment and
;kassessment studies are made. These parameters are further used for evolving

sotive management strategies for the development and judicious exploitation of the

surces (Bal and Rao, 1984).

. The study of growth means basically the determination of the body size as a
;ﬁon of age. Growth can be expressed as an increase of length, volume, wet weight
dry weight with time (Hartnoll, 1982). It is essential to have an understanding of
wth and age/ size relationship, if one is to apply equilibrium yield models to the
;égement of a fishery (Melville-Smith, 1989).

Age and growth studies are available on several brachyurans. Some of the recent
;rtant studies are on Halicarcinus australis (Lucas and Hodgekin, 1970); Aratus pisoni
m]er, 1967); Rithropanopeus harrisii (Turoboyski, 19773); Pachygrapsus crassipes (Hiatt,
3), Carcinus maenas (Crothers, 1967); Callinectes sapidus (Tagatz, 1968); Paralithodes
is'chatica (Hoopes and Karinen, 1972); Cancer magister (Butler, 1961; Caroll, 1982);
mgurus (Bennet, 1974); Uca pugilator (Colby and Fonseca, 1984); Cryptodroma
.'ndorﬁ (McLay, 1982) and Chaceon maritae (Melville-Smith, 1989).

= Despite their commercial importance and wide distribution, no detailed studies are
Eble on the age and growth of P. sanguinolentus and P. pelegicus other than a few

Eaccounts based on tagging/ rearing experiments ( Prasad and Tampi, 1953; Hamsa,
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B2; Smith, 1982; Potter et al.,1983; Sumpton and Smith, 1991) and by modal
?gression analysis (Thomas, 1984 and Sumpton et al., 1994).

e

The present study is, therefore, directed to understand the age and growth of P.

=

g

aguinolentus and P. pelagicus from the Karnataka coast.

o

s Qﬂ

i

0. MATERIALS AND METHODS
1. MATERIAL

o

P g

The material for the study included:

iSamples taken once a week on a random basis from the commercial trawl landings

at Mangalore and Malpe during September 1992 through September 1994.

Monthly samples from the commercial trawl and shore-seine landings at Karwar

fduring September 1992 through September 1994.

gﬁ;&ﬁOccasional samples taken during 1993 and 1994 from the mini-trawl catches landed

from the Netravati-Gurupur estuary (Mangalore).

asional samples during 1993 and 1994 from the indigenous gears ( minitrawl, gill
”“net ) catch at Panambur (near Mangalore) and Malpe during monsoon months

%(June-September).

2 METHODS

.21 Size frequency analysis

- Age determination was made by applying Peterson’s (1891) method of size
Pency analysis.  For this, carapace width measurements of P. sanguinolentus and
§agzcus including spine were taken using a graduated measuring board. These

iﬁlrements were classified into size groups with a class interval of 5 mm (eg. size
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Bups 20-25 mm, 25-30 mm include carapace measurements from 20 to 24.9 mm and

29.9 mm with a mid point at 22.5 and 27.5 mm respectively) and pooled monthwise

f?tinolentus and P. pelagicus. As the number of crabs measured was not constant, the

i

B frequency distribution was made comparable by converting them into percentages

Eept in the case of pooled data.

Growth patterns were determined by graphical analysis of the progression of

Bodes in successive size frequency distribution. The progression of modes was

iced by trend lines.

§22 Modal progression analysis

The scatter diagram for modes against months was drawn and trend lines tracing
growth of successive broods by means of modal progression through time were fitted
e hand as adopted by Devaraj (1983). These lines were extrapolated to intersect the
e axis in order to resolve the periodicity and frequency of brood production during
spawning season and also the growth of each brood through successive months. The

d mean for the growth at age in months for the population was derived from the

Bth of individual broods.
Growth equation

Von Bertalanffy (1934) developed a mathematical model for individual growth
has been shown to conform to the observed growth of most fish species. This
on is based on the concept of growth as a net result of the interaction of two
ite processes such as those tending to increase the mass (anabolism), and those

g to decrease it (catabolism), thus giving the growth curve fitting well with the
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ith rates of many species of organisms (Beverton, 1954; Beverton and Holt, 1957).

mathematical model expresses the length, L as a function of the age of the fish, t.

L, = L, [ 1-e ¥
) L, = length at age t
L, = theoretical asymptotic length
e = base of the naperian or natural logarithm
k = coefficient of catabolism
t = age of fish
t, = age at which length of fish was theoretically

To determine the parameters of the von Bertalanffy’s growth model such as, L.,
t,, the carapace widths at age in months in the monthly modal distribution for the

n broods were tabulated and the mean size at age was determined.

Using this length at age data as the input, the growth parameters, L, and K were
ted by the Ford-Walford plot (Ford, 1933; Walford, 1946) and the Gulland and
plot (1959). To estimate the L, and K by the Ford-Walford plot, the von
talanffy’s growth equation has been rewritten in a form relating to lengths at two ages

ted by a constant time interval (e.g., a year, a month or a week etc.), l, and 1 ,,

Lipy = L (1le® +1te*

which is a linear expression.

Taking L, = x

L., =y,

a = L, (1-e%), and
b = e*

P same can be rewritten as

'y = a+bx
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By the method of least squares, the values of a and b can be found out. By

stituting the values in the following equation K and L_ can be found out.
. K = -Inb
L, = a/l-b

Gulland and Holt (1959) have suggested the following equation for determining

fre growth papameters, L and K.
AL /at = KL, -KL(t)

Using L(t) as an independent variable and al/at (growth increment) as the

'pendent variable, the equation becomes a linear regression:
al/at = a + bL(t).
ghe parameters K and L, are obtained from the following equations:

K = -b;and L, = -a/b.

The L, has been estimated by graphical methods also by plotting Lt +1 against
Bt (Walford, 1946) and by plotting growth increment against mean length (Gulland and
folt, 1959). The perpendicular drawn from the intersection between the regression line
45 % line from the origin to X-axis gives the L, in the former method, while the

Biersection point between the regression line and X-axis gives the L in the latter.

The growth parameters K and t, can be estimated from age/ length data employing

Bertalanffy growth plot for which L is used as input. For this purpose, the growth

jation is rewritten as follows:

~In (1-L/ L )=-Kt + Kt
the age, t, as the independent variable (X) and - In (1-L/L,) as dependent
le (Y), the equation defines a linear regression, where K represents the slope and

the intercept, while t, = -a/b.

The growth parameters were also determined by following the method of
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EFAN (Pauly and David, 1981). The growth parameters were estimated using the
sed monthly size frequency distribution for each centre as well as for the data pooled

gall centres, for males and females of P. sanguinolentus and P. pelagicus separately.

The expected lengths of P. sanguinolentus and P. pelagicus at different ages

g

gnths) were determined by employing the von Bertalanffy’s equation.

&

aO RESULTS

;1 SIZE FREQUENCY ANALYSIS

The monthwise size frequency distribution of males and females of
?ﬁzguinolentus and P. pelagicus caught in different gears at Mangalore, Malpe and
?’war is given in Tables 6.1-6.20 and Figs. 6.1- 6.6 The size frequency data in respect
the the former and latter species collected from different type of gears from
;ngalore, Malpe and Karwar were pooled sexwise and presented in Figs. 6.7- 6.8 to get
:;mprehensive picture as there has been much variation in the data obtained from
i&rent centres and gears. The progression of modes in the size frequency distribution
b 6.1-6.6) indicating the initial mode, the month of its appearance, the final mode,
gmonth upto which the mode could be traced, the growth increment, duration and the
‘

grage growth of males and females of P.sanguinolentus and P. pelagicus for Mangalore,

:Ilpe and Karwar are presented in Tables 6.21-6.26.

A close look at the size frequency distribution of males and females of P.

S

i’guinolentus given in Figs. 6.1- 6.3 and 6.7 indicate that the fishery in January and

iruaxy is often supported by two major size classes, one large size class (size range
H60 mm) with a mode at 120-140 mm and another smaller size class of juveniles with
;pdal size at 40-60 mm (size range 20-70 mm). These two broods might represent the

zheny of two peak spawning seasons. Hence, the large size class of 120-140 mm, in



ﬁ Sexes, are one year olds, a product of peak spawning during January- february of
& previous season/year, while the smaller brood of 40-60 mm might be the product of
Q spawning during September-October and may be 3-4 months old. This brood first
fgea.red in the fishery in October at 32.5 mm and be traced upto May. By that time it
mned a size of 100-110 mm thereby registering 70-80 mm growth in 7 months. The

=/,v

agresswn of individual broods through successive months are given in Tables 6.21-6.22

5625

It is seen that the larger size classes are removed by the intensive trawl fishery
amg January-February and occur only in fewer numbers in the following months.
nng monsoon months (June-August) since the salinity is low in the coastal waters,
Ie larger crabs probably migrate to more saline deeper waters and seldom return to

ﬁshely before late December or early January.

- In the case of P. pelagicus, the fishery was supported by one size class with size
gg between 35 and 85 mm (mode at 62.5 mm in males and 57.5 mm in females) in

Rry 1993 at Malpe (Fig.6. 5). This brood might be the progeny of peak spawning in

E.S mm and 132.5 mm in males and females respectively by September 1993 when

plete one year. Similarly, the mode at 47.5 mm in males and females in
r 1992 in the pooled data for all centres (Fig.6.8) could be traced upto the
S

g geptember at 147.5 mm and 137.5 mm on completion of one year. The

of various other broods has been shown in Tables 6.23-6.24, 6.26 and Figs.

OWTH RATE

ize frequency analysis indicated that the growth rate is more or less similar
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}uvemles of males and females, while the adults showed marked variation in their

?wth It is found that the growth rate is high in juveniles, whereas the adults

E}Stered low rate of growth in both these species.

The mean monthly growth rate was found to be 10.3 mm in males and 8.8 mm in
ales of P. sanguinolentus (Tables 6.21-6.22). The pooled data for Mangalore, Malpe
Kaxwar indicated a mean monthly growth rate of 10.9 mm in males and 8.9 mm in

ales (Table 6.25) which is very close to the results obtained by analysing the data for
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Eil mm in males and 112.5 mm in females on completion of one year (Tables
%9.6.28). Sukumaran et al. (1986) observed that the growth rate in P. sanguinolentus is

?’e or less uniform in both sexes in the South Kanara waters.

In the case of P. pelagicus, the overall growth rate was 11.0 mm and 9.6 mm in
ales and females respectively (Tables 6.23-6.24). Pooled data for Mangalore, Malpe and

ar showed a mean monthly growth rate of 11.0 mm and 9.5 mm in males and

ed a carapace width of 145.2 mm in males and 132.5 mm in females at the end of

ft year (Tables 6.29-6.30).

MODAL PROGRESSION ANALYSIS

The scatter diagram for modes against months was drawn and trend lines tracing
owth of the successive broods by means of modal progression through time was
 free hand in respect of males and females of P. sanguinolenius and P. pelagicus
‘.i 6.9-6.12). The grand mean for the growth at age in months for the populition of

uinolentus and P. pelagicus was derived from the monthly modal distribution for the
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;ﬁl broods and tabulated in Tables 6.27-6.30.

The maximum size recorded in males and females were 169 mm and 166 mm in
mguznolentus and 174 mm and 171 mm in P. pelagicus respectively. It is seen from

Bes 6.27-6.28 that the maximum age upto which a brood could be traced was 17

T

gths in the former species when it attained a mean size of 147.5 mm in males and

( IIJN[

%;5 mm in females. In the case of the latter species, the maximum age upto which the

could be traced was 15 months in males (152.5 mm) and 17 months in females

mm)(Tables 6.29-6.30). It is possible that crabs may live a few more months. It
refore, reasonable to surmise that the life span of these crabs may be around 2.5

although most of them are fished out by the intensive trawl fishery in the early part

2
per
;E.
s

Ee'r life leaving only a few to attain their maximum age.

GROWTH PARAMETERS

The input data for estimating the growth parameters, L, and K in P.

olentus and P. pelagicus by the Ford-Walford plot (Ford 1933; Walford, 1946) and
‘lland and Holt plot (1959) given in Table 6.31 are based on the grand mean size
growth at age at months tabulated from the monthly modal size distribution and
in Tables 6.27-6.30. The growth parameters estimated by the above methods and
llowing the method of ELEFAN in respect of males and females of P.

olentus and P. pelagicus are presented in Table 6.32.

In P. sanguinolentus, the values of the growth parameters, L, and K estimated
“Ford-Walford Plot (Ford, 1933; Walford, 1946) and the Gulland and Holt Plot
were very close to each other (Table 6.32). The values in males were 195.38
37 by the former method and 195.39mm and 0.9889 by the latter method . In

jles of this species,these values were 187.85 mm and 0.8256 by the former method
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ﬁ 188.0 mm and 0.8215 by the latter method. The t, estimated by the von Bertalanffy
gt (1934) were -0.0132 in males and -0.0975 in females. The same parameters
gamed by ELEFAN method were 172.0 mm, 0.54 males and 175.0 mm, 0.57 in
nales Iﬁ P.pelagicus males, the values were 210.82 mm and 1.1416 and 211.0mm and
§19 by the Ford-Walford plot and the Gulland and Holt plot respectively. In females
;;hls species, the values were 202.66 mm and 0.9843 and 204.39 mm and 0.9635 by
sse methods. The t, estimated by von Bertallanffy Plot were -0.0194 and -0.0691 in
ﬂes and females respectively. The parameters determined by ELEFAN method were
&0 mm, 0.72 in males and 181.0 mm, 0.59 in females respectively. The growth curve
ed based on the growth parameters estimated by Gulland and Holt plot and the
frd—Walford plot and by ELEFAN are superimposed on the restructured size frequency

%ﬁ(pooled) for P. sanguinolentus and P. pelagicus are illustrated in Figs. 6.13-6.16.

The L, values obtained by graphical methods were 195.0 mm in males and 187.0

im females by the Ford-Walford plot and 195.0 mm and 188.0 mm by the Gulland

?‘Holt plot in P. sanguinolentus (Fig.6.17). In P. pelagicus, the L, values obtained were

Fﬂmm and 202.0 mm in males and females by the former method and 211.0 mm and

0 mm by the latter method (Fig. 6.18).

5. VON BERTALANFFY’S GROWTH EQUATION

. The von Bertalanffy’s growth equation in respect of males and females of P.

ganOIentus and P. pelagicus are as follows:
gisanguinolentus

L, = 1950 [1-¢e ¢ +00132) |
188.0 [ 1 - e 082(1+00975) ]

-
I
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~male : L, = 211.0 [1-e 1240 +0‘0194)]
female : L = 204.0 [1-e 0.97 (t + 0.0691)]

- For fitting the von Bertalanffy’s growth equation, the average values of the

ﬁ parameters obtained by the Gulland and Holt Plot and the Ford and Walford Plot
?ﬂsed since these values found to be more realistic. Employing these equations, size
?erent ages were determined for males and females of P. sanguinolentus and P.
Ecus It is found that the estimated size at different ages (Fig. 19) were very close

gobserved values (Table 6.27-6.30) . The growth curves for these species based on

gnmated size at different ages are illustrated in Fig.6.19.

. POPULATION AGE STRUCTURE

The age composition of males and females of P. sanguinolentus and P. pelagicus
?samples analysed during the course of present study is summarised in Tables
534 It is possible to deduce from the Tables 6.33-6.34 that in the former species,
I6890 % of the population exploited by the fishery belongs to 0-year class, while
ast(llO %) formed by 1-year olds. In the indigenous gears, O-year class contributed
é bulk of the fishery (99 %) (Table 6.33).

LIn the case of P. pelagicus, about 95 % of the population exploited by the trawl
¥ constitiuted by O-year class, while the 1-year olds formed the rest (5 %). In the

@ous gears, O-year class contributed to 93 %, whereas, 1-year olds formed the rest

)(Table 6.34).

DISCUSSION

5

ESmce the body is enclosed in a hard shell, the growth in crabs is not continuous

ncurs when the shell is cast. The nature of crab growth by moulting has led to
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difficulty in determining the true growth rate under natural conditions. Most of the
er studies on the growth has been made on crabs kept in tanks and more recently
gging. Growth studies under controlled conditions may not give a true picture to
7 under natural conditions (Edwards, 1979). Tagging has been most valuable
ce in growth studies particularly in crustaceans. But the success of the study greatly

nds on the rate of recovery which often found to be low.

The present investigation has indicated that although the growth studies by
Bgression of modes of the size frequency distribution is highly subjective, it gives certain

E

mnt of success in determining the growth rate and life span of the individual species.

In the present study, the growth is found to be rapid in these portunids and the
@lt size may be reached in less than a year after hatching (Plate 8). According to
:th (1982), the moulting and growth in P. pelagicus in South Australia is virtually

gped in winter. The same author (Smith, 1982) found that the Australian population

this species reach a size of 150 mm in about 18 months. More recently, Sumpton and

Eﬂi (1991) mentioned that this crab grows to a size of approximately 150 mm within

tmonths of hatching from the egg in Australian waters, while Potter ez al. (1983)

B

orted that the female of P. pelagicus attains a carapace width of 127 mm at the end

£

%tyear in the same area. Hamsa (1982) found that 11-25 mm cw crabs kept in tanks

@ed a size of 140-150 mm at 12 moults after a period of 14 months at Mandapam.

G

resent results (attaining a carapace width of 145.2 mm in males and 132.5 mm in
Bales on completion of one year in this species) are close to the results obtained by
ton and Smith (1991)(150 mm within 12 months in males) and Potter et al.
(127 mm on completion of one year in females) from Australia. Thomas (1984),
studying on the growth of these portunids by size frequency analysis from Cochin
eported that P. pelagicus attained a size of 90 mm at the end of one year which

pears to be a very low estimate in view of the present studies as well as the
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iﬁervations made by Smith (1982), Potter et al. (1983) and Sumpton and Smith (1991)

;Bn Australia.

A distinctive feature of the growth of these crabs is the difference between males

ﬁ females. Present study has indicated that males grow more rapidly so that females
ibe same age are smaller. Hartnoll (1982) observed that after attaining sexual maturity
ﬁear difference is often apparent with larger intermoults in females, mainly associated
&egg bearing and thus, after puberty, females usually moult less frequently, grow more
;wly and attain a smaller size than males. One would expect heavy demands on the
&nent reserves in females during gonad maturation (Passano, 1960) and inhibition of
aultmg when eggs are being carried. Colby and Fonseca (1984) found that the growth
$he fiddler crab, Uca pugilator slowed or ceased temporarily once it attained sexual
Runty in North Carolina (USA). This is to be expected because egg production
@oses high nutritional demands (Christy, 1980). In contrast, the growth of males
pears to be more continuous during warmer months, eventhough Hiatt (1977) found

itthe feeding rate drop sharply during the period of courtship.

g Eventhough crabs of the genus Porfunus continue to moult throughout its life
Ed, the intermoult period is larger and the length attained after each moult gets
;Eced as it grows resulting in considerable overlap in the actual age of crabs in the
gr size classes. This can result in the larger size class making up a disproportionately

?r share of the adult population during certain seasons. Despite the growth and size

lr',

?rence it appears that male and female live upto a maximum age of about 2.5 years.

Crustacean growth is dependent upon the duration of intermoult (moult interval)

the size increase at each moult (moult increase) (Harnoll, 1982). Moult frequency

i e

argely determined by environmental (eg. temperature, light, salinity) and physiological

c

Bs (nutrition, regeneration etc.) (Passano, 1960). It is possible that the number of
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it is fixed and that a crab stops growing after shedding certain number of times

its life span (Van Engel, 1958). The great difference in size of crabs of the same

of adult crabs may be simply the result of different percentage of increase in size

fbch moult (Van Engel, 1958).

Within a species, the form of the growth curve may differ between the sexes as
in P. sanguinolentus and P. pelagicus in the present study (Fig. 6.19A and 6.19B).
the general pattern, with the growth is of similar rate in both sexes upto maturity,
subsequently slower in females due to smaller increments and larger intermoults
ated with egg production and incubation (Hartnoll, 1982). Similar difference occur
Homarus gammarus (Simpson, 1961), Porcellio scaber (Kurata, 1962) and Cancer

(Bennet, 1974). As a result of this, males reach a larger size in most crustacea

more abundant in larger size groups (Hartnoll, 1982).

Although P. sanguinolentus and P. pelagicus are having a possible life span of
2.5 years, often they are taken at an age at which most of them might not have
ed once. The present study has indicated that the population of these crabs which
loited by various type of gears comprised mainly of 0-year class, whereas one year
rmed only 11.0 % in the former and 5.0 % in the latter species in trawls (Tables
34). In the indigenous gears, one year old groups contributed to only 1 % and 2
pectively in these species except in gill nets where the one year class of P. pelagicus
upto 70 % during September-October. The large proportion of one year olds
nets may possibly be due to its large mesh size (60-65 mm) as well as the highly
e nature of the gear coupled with the short duration of the fishery at a time when

pulation was comprised of mostly larger crabs.

As such, there is no worthwhile study on the growth parameters of these

Bnids from anywhere.  Although the growth parameters of P. sanguinolentus and P.
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fere determined by Thomas (1984) from Cochin area, the L, values were very

alistic (L, of 318.63 mm and 394.68 mm against observed maximum size
d 170 mm respectively for P. sanguinolenus and P. pelagicus), while the K
very low (0.1327 for P. sanguinolentus and 0.1231 for P. pelagicus) in view
t growth and short life span. Further, no attempt was made to determine the
for males and females separately. In contrast, the L detemined by Sumpton
| ) for P. pelagicus from Australia (175 mm for males and 170 mm for females)
vely low in view of the L, at 195mm recorded by them in their study. The
ameter complements (L, and K) estimated in the present study for P.
tus (195 mm and 0.99 for males and 188 mm and 0.82 for females) and P.
11 mm and 1.14 for males and 204 mm and 0.97 for females) were found to
- and fairly accurate and the size at age determined by the von Bertalanffy’s
vation fitted with these values, were very close to the observed values. Hence,
t study tends to suggest that the traditional methods were found to be more

etermining the growth parameters in the brachyurans studied.
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(TRAWL CATCH)

Size group M ONTHS
(mm) O N|D|JB] F|MJA|M|S|]O|[N]|DIJI]FIMI| AITM

15 -20 1
20-25 10 1 1 1
25-30 114 1 2 2 1 1 3 1 3
30 - 35 23 2 - 4 2 4 4 4 1 - 5 3 5
35-40 12 1 -1 14 4] 20 1 - 3 4 8l 14 9
40 - 45 19] 23 1| 13 5125 12 2 2 4 51 150 16 16
45 - 50 4] 37 -t 190 16l 12 1l 12 6 5 4] 10 6l 10 24
50 - 55 2l 20 -1 28] 15 15 1] 19 6 1 3] 11l 16| 20 1l 32
55 - 60 2l 15 1l 19 11| 25 1 8 4 1p 14] 221 13| 12 1l 19
60 - 65 -l 22 21 131 12] 19] 10 7 6 2 9 71 14 11 3 9
65 - 70 1l 20 1l 151 24| 15 2l 1 2 6 71 10l 19| 10 9] 13
70 - 75 16 9l 121 271 12 6 5 1 701 14] 14| 17 9] 23] 19
75 - 80 20 6 4] 231 11| 12 3 1 51 10 3115 2l 13l 17
80 - 85 200 11 1] 20] 15] 14 4 1 8 9 7 9 4l 171 13
85 - 90 14 15 -1 18] 20 12 7 13 7 4 6 1l 15 6
90 - 95 13 12 -1 13] 18l 10 7 18 6l 11 7 6l 22
95 -100 4 7 1 81 21| 14 7 8 51 10l 10 8| 14
100 -105 1l 16 -1 10l 10| 12 8 51 10 6 3 4 9
105 -110 4] 21 21 14 18! 12] 10 1 4 6 7 4 5
110 -115 1] 24 1 31 11 10 2 1 10 6 8 4 4
115 -120 -1 15 1 1l 14| 10 9 1 8 - 3 - 1
120 -125 1l 23 7 2l 13 5 3 2 6 2 5 1 4
125 -130 8| 12 3 5 6 3 - 2 5 1 1 1
130 -135 6l 13 6 5 1 10 1 2 3 1 -
135 -140 51 11 3 2 4 3 2 - 1 1 2
140 -145 | 2l 16 5 1 - 3 2 1

145 -150 1l 1 9 1 1 3 -

150 -155 8 7 1 2

155 -160 1 4 1 1

160 -165 1
Total 188| 234| 187| 228| 266| 316| 144] 164 5] 33] 82| 139] 148] 199] 114| 112 247
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Size frequency distribution (nos.) of P. sanguinolentus males during different months in the inshore waters at
. Karwar. '

(SHORE SEINE CATCH)

Size group M ONTH S
(mm) N D |J93]| F M A M JL O N D |J% )| F M A M A
15-20 1 10
20 -25 1 1 2 32 1
25-30 1 - 1 27 18 45 5
30-35 - 3 1 4 3 2 17 54 5 1
35-40 1 3 1 12 1 4 4 27 35 11 -
40 - 45 1 - 4 2 11 2 3 8 4 7 19 10 4
45 -50 - 2 7 2 6 2 3 1 4 9 24 7 9 1
50 - 55 2 1 11 5 9 2 4 3 5 5 15 1 5 4
55 -60 2 - 11 5 4 1 3 1 8 3 10 3 4 4
60 - 65 3 1 6 3 4 1 1 2 4 2 3 4 6 4
65 -70 3 2 5 2 1 2 1 3 2 7 5 7 13
70 -75 3 3 2 1 1 3 - 3 - 9 4 3 2
75 - 80 1 1 3 2 4 - 1 - 5 1 3
80 -85 3 - 2 2 1 - 2 1 5 5 4
85 -90 1 - 5 - 2 - 2 - 7 4 2
90 - 95 2 - 3 1 1 1 1 2 4 3 2
95 -100 1 - 7 4 - 1 - 1 3 3 1
100 -105 1 10 3 - - 2 2 8 5 1
105 -11¢0 1 3 2 1 - 1 1 3 -
110 -115 1 6 1 - 2 1
115 -120 - 7 1 1 1
120 -125 - 4 - 2
125 -130 1 2 1 -
130 -135 2 2 1 -
135 -140 3 1 1 1
140 -145 - -
145 -150 1 -
150 -155 1
Total 22 6 53 68 90 11 29 54 45| 105( 302 80 39 43




inshore/ estuarine waters of Mangalore and Malpe.

Size group M ONTHS
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(TRAWL CATCH)

Size group M ONTHS
(mm) O | N| D |[J3|F | M| A]|M N | D |{J“9| F | M| A| M

20-25 1 1 1
25-30 - 2 1 13
30 -35 4 1 - 2 9 15
35-40 1 - 2 - - 7 1 1 27
40 - 45 2 8 5 2 1 5 - 3 8
45 - 50 5 7 4 2 2 2 6 6
50 - 55 2 10 8 1 2 5 2 4
55-60 6 12 1 3 - 4 3 4 5
60 - 65 5 9 - 4 2 1 3 8 3
65-170 2 2 12 - 9 3 1l 10 1 3
70 - 75 5 4 31 19 3 1 - 8 4 21 1 4
75 - 80 9] 20 5020 4 3 - 8 5 1y 15 5 4
80 - 85 18] 37 4| 16 5 4 - 6 5 - 9 2 5
85-90 29| 44 1 4] 11 8 3 - 6 6 -l 14 5 3
90 - 95 19] 48 1 5 7 9 7 - 9 6 - 10 7 5
95 -100 6] 24 2 7 8 9 5 - 7] 10 1l 16 5 4
100 -105 . 251 14 4 8l 11 1 1| 19| 16 3 6 2 7
105 -110 15 8 2 7 7 3 16f 19 2 3 2 2
110 -115 191 23 9 1] 11 7 15] 12 1 1 1 3
115 -120 221 28] 11 - 3 4 9 9 - 3 1

120 -125 121 221 14 - 3 3 5 9 - 1

125 -130 71 28] 17 - 1 5 1 8 - 3

130 -135 1] 14 31 - 2 1 1 4 1 1

135 -140 -l 13] 23 1 - 3 =

140 -145 - 2 6 - - 1

145 -150 - 1 4 -

150 -155 - - -

155 -160 1 1 -

160 -165 -

165 -170 1
Total 8L 1151 2810 1570 1501 1551 761 48 20 1421 1381 44] 1281 571 122




Y ST (TIOBIOT 1 SANgUINOIenTIS Temales during different months In'the InEhore Waters at Maips.”

(TRAWL CATCH)
Size group M ONTHS
(mm) O | N|[DJ|[J|F | M| ATMIS O ! N | DJJa| F | M]A]M
15 -20 4
20-25 9
25-30 81 1 4 1 3 1 2 2
30 - 35 15 2 2 1 7 2 2 2 1 4 8 5
35-40 13 7 14 4 8 10 2 3 1 7 6 13
40 - 45 10l 24 1 9] 10| 17 1 9 4 1 1 71 10] 11 15
45 - 50 1 23 -l 32 8l 12 3 9 13 3 6 6 8] 18 2] 24
50 - 55 4] 11 -l 391 27( 13 51 20 11 2] 10 8 8] 18 2] 18
55 - 60 3l 13 1] 18] 15[ 25 2l 13 4 2l 11 6] 18 5 1] 14
60 - 65 -1 20 1 7 8| 24 5 5 2 2 5 4] 13 12 6|l 15
65 -70 -l 21 4] 12 g8l 13 7 8 3 8 51 11l 20 41 11| 12
70 - 75 1l 14 9] 10/ 14| 18 3 9 3] 15 6 8] 21 6l 15| 20
75 - 80 11 12 71 221 16 9 7 - 71 11l 10| 15 1] 13| 21
80 - 85 14] 18 2l 16l 17| 11 3 1 - 9] 121 14 8 2] 20] 18
85 -90 71 18 2l 12| 16 6 3 - 2l 11 12 61 13 1 16| 13
90 - 95 6|l 16 3 8| 18] 13 9 1 -1 19 8l 10 9 1 8] 12
95 -100 4] 11 - 6| 16 7 4 5 1 9] 10 6 9 1 8 6
100 -105 1l 15 8] 12 9] 12 7 2 4 6 5 6 - 2 7
105 -110 13] 10 6l 13| 14 2 - 1 6 7 5 - 3 2
110 -115 23] 21 6l 15] 11 4 - 112l 11 3 2 1
115 -120 221 29 5 4 4 3 - 1 8 8 7 1 -
120 -125 9] 15 6 4 3 5 - 1 7 8 1 1
125 -130 3] 25 7 3 2 3 - 4 3
130 -135 1l 18 7 2 1 4 - - 2
135 -140 13 1 2 3 1 - 1
140 -145 6 7 1 - - 2 1
145 -150 2 - -
150 -155 - -
155 -160 7 1
Total 143] 179 177] 304| 219] 273| 122] 144 10| 47| 94| 135] 142 203| 97] 111]| 220
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‘at Ka

g

rwar.

s females during different months in the inshore

SHORE SEINE (YENDI CATCH)

Size groups M ONTHS

(mm) N 793 F| M M| JL|] O] N| DJ 9 F| M| Al M| A
15-20 3

20 - 25 2 3 1 5

25-30 1 18 -l 18] 18 5

30 - 35 2 2 2 8| 31 9

35-40 2 2 2 13 2] 24 20 4

40 - 45 15 - 7 1 11 5 8| 20 1 3

45 - 50 2 4 2 4 1 - 6 71 22 7 6 1
50 - 55 2 4 1 5 2 3 1 3] 12 1 8 5
55 - 60 1 3 5 6 2 3 5 - 2 1 1 1
60 - 65 7 2 9 3 2 1] 10 - 5 1 4 6
65 - 70 3 1 1 1 - - 6 1] 12 3 1 4
70 -75 3 -l 10 2 1 - 5 2] 11 - 3 4
75 - 80 - 2 6 - 4 - 1 - 4 - 1 6
80 - 85 2 - 1 3 3 1 1 3 4 2 3
85 - 90 1 - 2 1 1 1 2 1 4 - 4
90 - 95 1 4 2 - 1 2 1 3 2 2
95 -100 1 2 - 4 - 6 4 1
100 -105 3 1 - 2 2 1 - 1
105 -110 - - - 1 1 2 - 2
110 -115 1 1 2 - - - - 2
115 -120 - 1 - 1 -
120 -125 1 - - -
125 -130 1 - 1
130 -135 1
135 -140

Total 21 321 48] 43 21 64| 51| 82| 186 41| 27| 43
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in the inshore/ estuarine waters of Mangalore and Malpe.
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T S TS USHEY SIEtIBGLIoN (Wos.) of P. pelagicus males during different months
in the inshore waters at Karwar.

(TRAWL CATCH)
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TABLE 6.14.

Size frequency distribution (nos.) of P. pelagicus males during different months

in the inshore waters at Karwar.

SHORE SEINE (YENDI)CATCH

Size group
(mm)

MONTHS

N 92

J 93

F

M

A

M

N*

D

J 94

£

20-25

25-30

30-35

— I

35-40

w

bW W

40 - 45

) [y [y ju—,

45 - 50

ANln NI

50 - 55

1

<

Lt '

=l =1

55 -60

fam—
[

N = =IO |y

60 - 65

1

<

65 -70

70 - 75

75 - 80

ol LS B HCR [OSR BN

+ |00 |

el Bl Y

80 - 85

N

85-90

90 - 95

— ],

95 -100

et P 0O [0 Pt [ [ |

Ll 1N

100 -105

N R W N |w [w |

105 -110

e

110 -115

el bt Bl N I N RN E Y IR P R IV

115 -120

120 -125

ol Ll A2 B8 [0 AN R 1oL 0 AN R SO IR KON Fo R 1O

—

=Nl |wiw]ls o ]g]lunlan{w]—e]w],

125 -130

130 -135

1

135 -140

140 -145

145 -150

150 -155

155 -160

160 -165

165 -170

170 -175

Total

41

155

118

48

40

10

13

61

asterisk indicates gill net catch



TABLE 6.15.
Size frequency distribution (nos.) of P. pelagicus males during different
months in the estuarine waters at Mangalore.

(MINI TRAWL CATCH)

Size group M ONTH S
(mm) |M93| A | M J F94 | M | A M

20-25

25-30

30-35

35-40 1

40 - 45

1
45-50 2 -

50 - 55 -

[y

55 -60

60 - 65 6 17

—
[
~
[3®)
W
S,

65 -70 22 25

—

70 - 75 301 32 17 16

75 -80 24 24 9

80 - 85 19 15

85-90 26 15

90 - 95

=N NO O NN
o
NiJ|R ]| |WwINa],y

95 -100 10

WIWl ||| ]W
[
=

100 -105

Nlwlw|a[wv|
(v ]

—
N

NiWIN[w|wnlkio]|w],

[\ = 19

110 -115

115 -120

2
5
3
105 -110 2
1
3
1

120 -125

—

125 -130 -

130 -135 -

135 -140 1

Total 441 168{ 167 52 35| 119 116 33




IABLE 6.16.

Bze frequency distribution (nos.) of P. pelagicus females during different months in the inshore

vaters at Mangalore.

H

- (TRAWL CATCH)
Bize group MONTHS
p(mm) [S92*| O* [FB3| M| AJM|[S*[O0O[N[DJJM]FIM]|A][M
120 -25
£25-30
£30-35
135-40 1 1
40-45 - -
45-50 1 - 2
50-55 2 1 1 5
£55-60 1 2 - - 5
£ 60 - 65 - s 1 1 - - 1/ 16
. - a2 - 1l 1
-1 3] 11| s -1 2[ 15
1 2] 8] 11 -1 4 4] 17] 2
-1 7] 10] 24 -1s 15] 23] 4
2] 6] o 27 TE 6] 23] 7
3] 2] 2] 18 1 31 5| 14| 32 4
10/ 7] 10] 20 -l _10] 5] o 24 10
4] 2] 8] 14 - 1] 12 12] 8] 18
3] 3] 8] 7l 1 -l 3] 1] 16l 20] 18
4] 8| 3l 7 - -1 8] 10] 14] 10] 14
2] 1] 4] - -1 4] el 7l
1 1| 2 - 1 2] 4] 3] 4] 7
1 1 -1 1] 1 - 30 el 2] 1 -
- - 1 1| 4] 2 3 -3 3] 1l 2
3] 2 - 4] 5 2 1] 1y 2] 1
1| 4 - 5] 4 1 1 -
3] 1 1 4] 8 1 1] 1
1 1 3 - 1 1
1 1E 1
-l 3
1] 1
9] 10/ 28] 55| 97| 165 30 14] 61 63] 120] 226] 97




Size frequency distribution (nos.) of P. pelagicus females during different months in the inshore waters at
Maipe.
(TRAWL CATCH)

Size group M ONTHS

5]
<

mm) [S9] o] N[ D[ 793 Al M| ] ] A] A] s N| D] Jos

30-35

35-40

40 - 45

45 - 350

50 - 55 1

55 - 60 -

60 - 65

65 - 70

70 - 75 1

= 1 N =
1

75 - 80 -

80 - 85

1 e G0 [ D [ JON 0 N =

Vo e |

[
N |~ (o [ [ [ON Jn

'
a—y

90 -95

- 1
85 -90 1 -
1

95 -100

100 -105

1[Ny
-
1
1
'

105 -110

1 N
'
1
'

110 -115

-

115 -120

120 -125

125 -130

]
bt g s s | g

130 -135

DN p—= RO O W e [ N | Jn s O =], [

135 -140

1
N 9w [ [ o [ = o o] =] Jw s lolea] v
st
— I OO =N ho o] ] o

(W W2 [ [ 19 [ 160 [\O [N |9 |2 fn oo =

140 -145

145 -150

1
1
o P B |y =y [ P O N Jn = |,

NS | JN N [ [ P [y |
1

ot Y bt [ |

150 -155

ot it (N2 F2 NI {00 fim JUD N et s N0 |

Ll RN (NN (O3 VR (PSR Ty | NS S
N [ oo W W lun j = N |y

155 -160

= [ B NO N [ [ [N = |

160 -165

165 -170

170 -175

== NN s oy =y =],

=

Total 23 23 4 4 36 37 34 S7 32 35 19 28 4 22 26

N
—

asterisk indicates mini trawl catch
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TABLE 6.18.
Size frequency distribution (nos.) of P. pelagicus females during different
months in the inshore waters at Karwar.

(TRAWL CATCH)

Size group MONTHS
(mm) D92|J93| F M A M [J94| F M A

20-25

25-30

30 -35 1

35-40 1

40 - 45 -

45 -350 -

50 - 55 - 1

55-60 -

60 - 65 3

65-70

fam—y

]
NN | =

70 - 75

75 - 80

[\ et
[\S R RV Pl I TS
DO | —

80 - 85

]
RS R RN -y LY

85-90

NN =N | w|—
]

R[N fn— ]
W
[
.
EN L
Wi |+ [—],

90 - 95

DI | =
—
(=

95 -100

100 -105

—
=l

W=y
=1
—

~

105 -110

110 -115

115 -120

N2 1SS E T (SN I SN Y
[l el AVS N RVSH RO N FUS N BN

120 -125

et | s | s |

125 -130

]
i
[

)
]y
[um—

—
p—
— ]y

130 -135

135 -140 - -

140 -145

[

Ll ]
1

145 -150

=W =W ] = w] o

150 -155

NI OOV [ =] o]0
N
\O
1

155 -160

wiwlmlwlalwlalwlo|~],

— =]
1
1

160 -165

[
1

== N WIWIA s nw|swrwQls]aluoo

165 -170 -

[um—

170 -175 1 1

Total 30 77 76 35 41( 123 35 58 40

~1
N




iBLE 6.19.
frequency distribution (nos.) of P. pelagicus females during different months in
e inshore waters at Karwar.

SHORE SEINE (YENDI CATCH

M ONTHS
N92| D [(193] F{ M| A MIN]| D JI4a] F | M
3 1
23 2 3
s[ 13 2 3 1 - 1 1
2 22 7 - - - 1 -
2] 13 6 2 - 2 1 1 3
g 13 5 1 - 1 4 - -2 1
5] 18 9 1 - - 3 1 - 1 -
2] 39 7 3 - 1 4 1 2 1 1
51 17 4 7 - ) 4 2 - 1 -
5 4 4 - 1 1 5 - 1 4 -
4 2 2 - - 1 8 2 - 5 -
2 1 6 2 - 1 - - 1 1
2 1 4 3 - 1 2 -l 4 -
- 3 4 6 - - 2 - 4 -
- 3 3 5 - 1 1 1 4 2
- - 3 - - 1 1 3 1
- 1 4 - - - 1 4 -
X - -l 4 1 1 - 1 1 -
110-115 - 1 1 1 1 1 1
;rts -120 - 1 2 1 - -
120-125 - 1 1 1
125 -130 - - -
130135 - 2 -
135-140 - 2 - -
140 -145 1 5 R 1
145 -150 - . -
150 -155 1 3 _
155 -160 - 2 1
160 -165 - 1
165 -170 - 1
;é?}go-ns 1 1
_ Total 45] 175] 66| 44| 3| 4 16 44| 16] 10/ 45| 8

;&érisk indicates gill net catch




TABLE 6.20.
Size frequency distribution (nos.) of P, pelagicus females during
different months in the estuarine waters at Mangalore.

(MINITRAWL CATCH)
Size group MONTHS
(mm) M93 A M J F 94 M A
20 - 25
25 -30 1
30 - 35 -
35-40 -
40 - 45 1 -
45 - 50 - 1
50 - 55 6 - 2 2
55 -60 1 4 2 1 4 7 2
60 - 65 1 6 21 8 2 13 19 2
65-70 3 20 23 17 2 15 29 2
70 - 75 1 23 38 25 6 7 19 1
75 - 80 5 18 38 5 3 14 13 7
80 - 85 5 19 25 9 10 12 8 5
85-90 4 16 17 6 6 7 2 9
90 - 95 5 11 19 3 6 10 7 18
95 -100 - 6 6 2 5 11 2 10
100 -105 3 4 15 1 6 9 2 8
105 -110 1 - 6 3 2 2
110 -115 2 - 2 1 3
115 -120 - 2 2 2
120 -125 1 1 - 1
125 -130 1 1
Total 31 136 218 78 51 112 113




ABLE 6.21.

iogression of size modes and rate of growth in P. sanguinolentus males.

: Initial Final Growth | Duration Average
~ Centre mode Month mode Month | increment | in months growth/
X (mm) (mm) (mm) month (mm)
ﬁLPE 67.5 Nov. 92 132.5] May 93 65 6 10.8
325  Oct. 92 102.5| May 93 70 7 10.0
- 52.5 Jan. 93 82.5 Apr. 93 30 3 10.0
42.5 Mar. 93 92.5 Aug. 93 50 5 10.0
52.5 Oct. 93 92.5 Jan. 94 40 3 13.3
52.5 Jan. 94 92.5] May %4 40 4 10.0
Average 295 28 10.5
112.5] Dec. 92 137.5 Feb. 93 25 2 12.5
32.5 Oct. 92 107.5{ May 93 75 7 10.7
72.5| Mar. 93 92.5] May 94 20 2 10.0
77.5] Mar. 94 102.5] May %4 25 2 12.5
37.5 Feb. 94 77.5] May %4 40 3 13.3
: Average 185 16 11.6
ARWAR 122.5( Dec. 92 137.5 Feb. 93 15 2 7.5
62.5] Nov. 92 102.5 Apr. 93 40 5 8.0
82.5] Mar. 93 102.5] May 93 20 2 10.0
52.5 Jan. 93 107.5 Jul. 93 55 6 9.2
42.5| Mar. 93 71.5 Jul. 93 35 4 8.8
57.5 Jan. 94 92.5 Apr. 94 35 3 11.7
3 32.5 Feb. 94 62.5| May 94 30 3 10.0
; 32.5{ Mar. 94 52.5 Apr. 94 20 2 10.0
Average 250 27 9.3
fgigi All centres combined average 730 71 10.3




BLE 6.22.

~Jgression of size modes and rate of growth in P, sanguinolentus females.

Initial Final Growth | Duration Average

Centre mode Month mode Month |increment| in months growth/
(mm) (mm) (mm) month (mm)
E 112.5 Dec. 92 122.5] Jan. 93 10 1 10.0
77.5 Nov. 92 122.5] May. 93 45 6 7.5
32.5 Oct. 92 97.5] May 93 65 7 9.3
52.5 May 93 97.5] Sep. 93 40 4 10.0
92.5 Nov. 93 117.5] Feb. 94 25 3 8.3
52.5 Oct. 93 77.5( Jan. 94 25 3 8.3
52.5 Dec. 93 82.5| Apr. 94 30 4 7.5
47.5 Mar. 94 87.5 Jul. 94 40 4 10.0
47.5] May 94|  62.5] Jul 94 15 2 7.5
. Average 295 34 8.7
~ GALORE 1225 Jan. 92 132.5] Feb. 93 10 1 10.0
87.5 Dec. 92 117.5] May 93 30 5 6.0
32.5 Oct. 93 92.5] May 94 60 7 8.6
72.5| Dec. 93| 102.5] May 94 30 5 6.0
37.5 Feb. 94 57.5] Apr. %4 20 2 10.0
Average 150 20 7.5
gWAR 87.5 Nov. 92 132.5] Apr. 93 45 5 9.0
62.5] Nov.92] 102.5] Apr. 93 40 5 8.0
- 47.5|  Jan. 93|  97.5] May 93 50 4 12.5
o 525] Mar. 93] 825 JuL 93 30 4 75
97.5 Dec. 93 122.5] Feb. 94 25 2 12.5
62.5 Jan. 94 92.5] Apr. 94 30 3 10.0
32,5 Feb. 94 67.5{ Mar. 94 35 3 11.7
Average 255 26 9.8
All centres combined average 700 80 8.8




?rogression of size modes and rate of growth in P. pelagicus males

Initial Final Growth Duration Average

Centre mode Month mode | Month | increment | in months growth/
(mm) (mm) (mm) month (mm)
PE 132.5 Feb. 93 142.5| Mar. 93 10 1 10.0
92.5 Feb. 93 147.5] Aug. 93 55 6 9.2
62.5 Jan. 93 147.5] Sep. 93 85 8 10.6
67.5 Jun. 93 82.5| Jul. 93 15 1 15.0
52.5] Mar 94 82.5| May. 94 30 2 15.0
Average 195 18 10.8
GALORE 72.5 Feb. 93 147.5| Sep. 93 75 7 10.7
67.5] Mar. 93 87.5| May 93 20 2 10.0
62.5 Apr. 93 72.5] May 93 10 1 10.0
92.5 Jan. 94 107.5| Feb. 94 15 1 15.0
72.5] Mar. 94 92.5] May 94 20 2 10.0
Average 140 13 10.8
EGRWAR 87.5] Dec. 92| 152.5] May 93 65 5 13.0
3 52.5] Nov. 92 122.5] May. 93 70 6 11.7
42.5 Dec. 92 87.5] Apr. 93 45 4 11.2
67.5 Dec. 93 107.5] Apr. 94 40 4 10.0
72.5| Mar. 94 82.5] Apr. 94 10 1 10.0
Average 230 20 11.5
All centres conbined average 565 51 11.0




6.24.

#ssion of size modes and rate of growth in P, pelagicus females.

Initial Final Growth Duration Average
ntre mode Month mode Month | increment | in months growth/

(mm) (mm) (mm) month (mm)
102.5 Feb. 93 132.5| May 93 30 3 10.0
57.5 Jan. 93 132.5] Sep. 93 75 8 9.4
97.5] Mar. 93 147.5| Aug. 93 50 5 10.0
71.5 Dec. 93 97.5] Mar. 94 20 3 6.7
62.5 Feb. 93 82.5] Apr. 94 20 2 10.0
57.5 Mar. 94 82.5| May 94 25 2 12.5
Average 220 23 9.6
GALORE 97.5 Feb. 93 142.5] Sep. 93 45 7 6.4
82.5] Mar. 93 92.5] Apr. 93 10 1 10.0
67.5| Mar. 93 87.5] May 93 20 2 10.0
57.5] Mar. 93 77.5] May 93 20 2 10.0
82.5| Dec.9%4 102.5| Feb. 94 20 2 10.0
77.5 Jan. 94 102.5{ Mar. 94 25 2 12.5
77.5] Mar. 94 102.5] May 94 25 2 12.5
Average 165 18 9.2
AR 67.5 Nov. 92 102.5{ Mar. 93 35 4 8.8
87.5] Dec. 92 137.5] May 94 50 5 10.0
47.5 Nov. 92 97.5] Apr. 93 50 5 10.0
32.5 Dec. 92 57.5| Feb. 94 25 2 12.5
107.5 Jan. 94 127.5{ Mar. 94 20 2 10.0
67.5] Dec. 93 102.5{ Apr. 94 35 4 8.8
57.5 Feb. 94 82.5] Apr. 94 25 2 12.5
Average 240 24 10.0
All centres conbined average 625 65 9.6




ABLE §6.25.

Fogression of size modes and rate of growth in P. sanguinolentus (all centres data

‘gded).
Initial Final Growth Duration Average
mode Month mode Month increment | in months |  growth/
(mm) (mm) (mm) month (mm)
ALES 117.5| Dec. 92|  137.5] Feb. 93 20 2 10.0
32.5 Oct. 92 97.5 Apr. 93 65 6 10.8
42.5 Mar. 93 77.5 Jul. 93 35 4 8.8
: 32.5 Dec. 93 97.5| May %4 65 5 13.0
rerage 185 17 10.9
IMALES 112.5| Dec. 92 132.5|  Feb. 93 20 2 10.0
; 32.5 Oct. 92 97.5] May 93 65 7 9.3
72.5 Aug. 93 122.5 Feb. 94 50 6 8.3
52.5 Oct. 93 92.5 Mar. 94 40 5 8.0
52.5 Dec. 93 87.5 Apr. 94 35 4 8.8
: 42.5] May 94 72.5] Aug 94 30 3 10.0
erage 240 27 8.9
iBLE 6.26.
bgression of size modes and rate of growth in P. pelagicus
I centres data pooled).
Initial Final Growth Duration | Average
mode |Month mode Month increment | in months |  growth/
. (mm) (mm) (mm) month (mm)
\LES 87.5 Dec. 92 152.5] May 93 65 5 13.0
: 47.5 Nov. 92 147.5 Aug. 93 100 9 11.1
37.5 Dec. 92 82.5 Mar. 93 45 3 15.0
42.5 Jan. 93 825 Apr. 93 40 3 13.3
425 Feb. 93 82.5| May 93 40 3 13.3
67.5 Jun. 93 82.5 Jul. 93 15 1 15.0
47.5 Nov. 93 117.5 Sep. 94 70 10 7.0
‘rage 375 34 11.0
MALES 67.5 Nov. 92 152.5 Aug. 93 85 9 9.4
o 47.5] Nov. 92 152.5|  Jan. 94 105 14 7.5
- 32.5 Dec. 92 82.5{ May 93 50 5 10.0
67.5 Dec. 93 97.5 Mar. 94 30 3 10.0
67.5 Feb. 94 137.5 Sep. 94 70 7 10.0
rage 360 38 95




TABLE 6.27.

Modal sizes (mm) from the size frequenc

P. sanguinolentus males.

y data corresponding to age in months as read from Fig. 6.9 for

Age in months

2

10

11

12

13

14

15

16

17

18

Broods
(month of origin)
MANGALORE

Nov. 91

137.5

Jan. 92

137.5

147.5

Feb.

112.5

Apr.

87.5

92.5

May

117.5

Aug.

325

475

82.5

92.5

107.5

Sep.

92.5

Oct.

72.5

92.5

Dec.

72.5

137.5

Feb. 93

107.5

Mar.

97.5

Jun.

71.5

Aug.

102.5

Sep.

77.5

87.5

Oct.

67.5

Nov.

375

Feb.94

37.5

MALPE

Oct. 91

137.5

142.5

Feb. 92

112.5

Mar.

132.5

May

87.5

Jun,

67.5

Jul.

92.5

102.5

Aug

32.5

47.5

102.5

Sep.

52.5

67.5

82.5

Oct.

62.5

Nov.

102.5




" TABLE 6.27. (contd.)

Age in months

1

2

10

11

12

13

14

15

16

17

18

Dec.

42.5

82.5

Jan. 93

52.5

77.5

825

117.5

127.5

Feb.

72.5

107.5

Mar.

92.5

Apr.

92.5

Jun,

52.5

71.5

Aug.

475

Sep.

32.5

67.5

92.5

Oct.

77.5

Dec.

42.5

82.5

Jan. 94

52.5

Mar.

57.5

Apr

325

KARWAR

Nov. 91

137.5

Dec.

122.5

127.5

1375

Feb. 92

122.5

Mar.

117.5

Jul.

102.5

Aug.

107.5

Sep.

57.5

Oct.

132.5

147.5

Dec.

42.5

132.5

Jan 93

77.5

132.5

Feb.

112.5

Mar.

52.5

Apr.

92.5

Jun,

97.5

Aug.

97.5

S

57.5

Oct.

325

Dec

325

Jan. 94

32.5

42.5

52.5

Mar

62.5

Average

33.8

45.8

S3

68

78.4

86.2

93

110.5

113.8

124.1

133.5

136.3

137.5

145

147.5




TABLE 6.28.
Modal sizes from the size frequency data corresponding to age in months as read from Fig. 6.10 for P. sanguinolentus
females.

Age in months 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Broods
(month of
origin)
MANGALORE

p. 91 132.5
oV 122.5
Mar, 92 87.5
Apr 875 117.5
\% 107.5
97.5

Aug 32.5] 47.5

Sep 275 925

Jan. 93 107.5

Feb 107.5

Mar 107.5

Jun 2.5 92.5 102.5

92.5

Sep 12.5 82.5
eC 37.5 57.5
Mar. 94 32.5
PE

v, 91 117.5] 1225
Mar. 92 122.5
Apr 77.5] 875
\d 107.5
775
Aug 325 975
Sep 525 825
Oct 62.5
Nov 47.5

Contd..



' TABLE 6.28. (Contd.)

Age in months

1

10

11

12

13

14

15

16

Dec

971.5

112.5

Jan 93

325

72.5

92.5

112.5

117.5

eb

2.5

May

825

Jun

525

715

Aug

32,5

67.5

825

Sep

52.5

QOct

715

Dec

47,5

Jan, 94

32,5

Feb

62.5

ug

325

KARWAR

ep. 91

127.5

Dec

132.5

Feb. 92

112.5

Mar

875

1025

Jun

62.5

102.5

Aung

9715

[+ )

675

77.5

Oct

475

\'

52.5

Dec

825

122.5

b. 93

107.5

Mar

575

915

1075

1

92,5

Aug

62.5

72.5

[+19)

107.5

Qct

325

675

Deg

27.5

325

67.5

Jan. 94

325

Feb, 94

32,5

475

725

crage

275

33

475

53.6

64.6

73.1

196

86.8

953

1025

1069

112.5

117.5

122.5

127.5

132.5




TABLE 6.29.
Modal sizes from the size frequency data corresponding to age in months as read from Fig. 6.11
for P. pelagicus males. :

Age in months | 1 2 31 4]s 6 7 8 9 10 | 11 | 12 { 13| 14
Broods
(Month of
origin)

MANGALORE

| May 92 147.5

Aug. 92.5

Sep. 147.5

Oct. 72.5( 82.5] 925

Nov. 72.5

Dec. 87.5 147.5

Jan 93 62.5] 72.5

Feb. 72.5 107.5

Mar, 142.5

Jul. 92.5] 107.5

Aug. 97.5

Oct. 82.5

Nov. 72.51 8251 92.5

Dec. 67.5

MALPE

Dec. 91 127.5

Apr. 132.5] 142.5

May 137.51147.5

Jul. 122.5

Aug. 92.5

Sep. 107.5] 1125 147.5

Oct. 62.5 87.5

Dec. 47.5 .

Jan. 93 142.5




TABLE 6.29.(contd.)

Age in months

1

10

11

12

13

14

Feb.

67.5

82.5

Apr.

52.5

82.5

May

117.5

Jun.

117.5

Jul.

122.5

Aug.

87.5

107.5

Sep.

52.5

Oct.

67.5

97.5

Nov.

72.5

Dec.

52.5

Jan. 94

117.5

Mar.

975

KARWAR

Mar. 92

152.5

Apr.

142.5

Jun,

87.5

102.5

Jul.

102.5

Aug.

52.5

102.5

122.5

Sep.

62.5

72.5

875

915

Oct.

42.5

37.5

67.5

Nov.

42.5

875

Mar. 93

142.5

Jun.

102.5

Jul

107.5

Aug.

67.5

97.5

Sep.

87.5

Nov.

72.5

82.5

Dec.

47.5

Average

45

56.4

70.5

85

94.3

105.3

116.3

123.8

132.5

140

145.2

152.5




TABLE 6.30.

Modal sizes from the size frequenc
for P. pelagicus females.

y data corresponding to age in months as read from Fig. 6.12

Age in months

1

2

10

11

12

13

14

15

16

17

Broods
(Month of
origin)
MANGALORE

Mar. 92

142.5

Jul.

97.5

107.5

142.5

Sep.

87.5

92.5

Nov.

67.5

77.5

87.5

Oct

57.5

77.5

132.5

Feb. 93

67.5

Jun.

82.5

97.5

102.5

Jul.

102.5

Aug.

71.5

87.5

Sep.

102.5

Oct.

77.5

87.5

92.5

Dec.

67.5

[ MALPE

Aug 9]

137.5

1425

Mar. 92

127.5

137.5

May

132.5

147.5

Jun.

102.5

Aug

97.5

152.5

Sep.

97.5

132.5

Oct.

57.5

97.5

Nov.

52.5

102.5

Contd....



TABLE 6.30.(contd.)

Age in months

1

10

11

12

13

14

15

16

17

Jan. 93

77.5

87.5

Feb.

67.5

97.5

132.5

Mar.

1125

May

102.5

112.5

Jul.

77.5

Aug.

71.5

97.5

137.5

Oct.

62.5

82.5

Nov.

87.5

117.5

Dec.

325

KARWAR

May

142.5

Jan. 92

142.5

Mar.

127.5

Apr.

107.5

132.5

137.5

Jun.

87.5

97.5

Jul.

67.5

82.5

102.5

Aug.

87.5

147.5

152.5

Sep.

47.5

57.5

72.5

97.5

Oct.

137.5

Nov.

22.5

47.5

57.5

Feb. 93

117.5

Apr.

127.5

May

107.5

Jun.

107.5

Aug

67.5

82.5

87.5

971.5

102.5

Nov.

52.5

82.5

Jan. 94

47.5

Average

22.5

47.5

554

67.5

79.5

86.1

96.7

104.2

114.2

117.5

127.5

132.5

137.5

142.5

147.5

152.5




TABLE 6.31.

Pairs of consecutive lengths (mm) with At = 0.25 year used as input data for
determining growth parameters by Ford-Walford Plot and Gulland-Holt Plot.

Ford-Walford Plot Gulland -Holt Plot
X Y Y X
Species AL/ At X/L
t L(t) L(t+ Ap) (growth (mean size)
increment)
P. sanguinolentus
males 1 45.0 78.0 33.0 61.5
2 78.0 104.0 26.0 91.0
3 104.0 124.0 20.0 114.0
females 1 47.0 73.0 26.0 60.0
2 73.0 95.0 22.0 84.0
3 95.0 112.0 17.0 103.5
P. pelagicus
males 1 56.0 94.0 38.0 75.0
2 94.0 124.0 30.0 109.0
3 124.0 145.0 21.0 134.5
females 1 55.0 86.0 31.0 70.5
2 86.0 114.0 28.0 100.0
3 114.0 132.0 18.0 123.0




TABLE 6.32.

Growth parameters estimated by various methods in males and females of
P. sanguinolentus and P. pelagicus.

Methods
Species Sex Growth | Ford-Walford | Gulland & Holt | von Bertalanffy | ELEFAN Lmax
parameter Plot Plot Plot method
P.sanguinolentus | male Loo 195.38 195.39 - 172.0 169.0
K 0.9937 0.9886 0.9941 0.54
t zero - - -0.0132
female Loo 187.85 188.00 - 175.0 166.0
K 0.8256 0.8215 0.8265 0.57
t zero - - -0.0975
P. pelagicus male Loo 210.82 211.00 - 188.0 174.0
K 1.1416 1.1319 1.1431 0.72
t zero -0.0194
female Loo 202.66 204.39 - 181.0 171.0
K 0.9843 0.9635 0.9772 0.59
t zero - - -0.0691

Loc in mm; K and t zero are annual values




TABLE 6.33.

Age composition of P, sanguinolentus at Mangalore, Malpe and Karwar.

MALE FEMALE
MANGALORE MALPE (TN) KARWAR (TN) MANGALORE MALPE (TN) KARWAR (TN)
(TN) (TN)

Age groups | 1992-93 1993-94 1 1992-93 | 1993-94 1992-931 1993-94 | 1992-93 1993-94 1 1992-93 | 1993-94 1992-93 | 1993-94

<0.5 198 286 1043 675 28 22 131 251 787 553 17 20

05-1.0 508 260 600 371 250 148 577 310 562 445 217 168

10-1.5 221 44 159 26 68 25 266 60 204 56 8 12

1.5-2.0 18 - 23 3 4 7 16 2 16 3 1 -

20-25 - - - - - - - - 2 1 - -

Sample size 945 590 1825 1075 350 202 990 623 1571 1058 243 200

sum nos.x 738.3 3215 949 8 484.8 286.5 160.0 826.0 373.8 905.8 550.8 178.8 146.0
age

mean age 0.78 0.54 0.52 0.45 0.82 0.79 83.0 0.60 0.58 0.52 0.74 0.73

MANGALORE MALPE (IG) KARWAR (IG) MANGALORE MALPE (IG) KARWAR (IG)
IaG) IG)
(estuary) (estuary)

Age groups | 1992-93 1993-94 | 1992-93 [ 1993-94 1992-931 1993-94 [ 1992-93 1993-94 1 1992-93 | 1993-94 1992-93 | 1993-94

<0.5 66 43 64 112 193 577 32 44 38 113 123 410

05-1.0 19 11 53 12 72 86 52 52 56 16 47 66

1.0-1.5 - 1 - - 12 4 - - - - - 7

1.5-20 - - - - - 1 - - - - - -

sample size 85 55 117 124 277 668 84 96 94 129 170 483

sum nos. x 30.8 20.3 55.8 37.0 117.3 215.5 47.0 50.0 51.5 40.3 66.0 160.8
age

mean age 0.36 0.37 0.48 0.30 0.42 0.32 0.56 0.52 0.55 0.31 0.39 0.34

TN = trawl net; IG = indigenous gear
Age composition in nos,




TABLE 6.34.

Age composition of P, pelagicus at Mangalore, Malpe and Karwar.

MALE FEMALE
MANGALORE MALPE (TN) KARWAR (TN) | MANGALORE MALPE (TN) KARWAR (TN)
(TN) (TN)
Age groups | 1992-93 | 1993-94 | 1992-93 | 1993-94 [ 1992-93 1993-94 | 1992-93 { 1993-94 | 1992-93 | 1993-94 | 1992-93 [ 1993-94
<0.5 212 388 130 146 95 57 144 249 94 131 89 50
05-10 130 234 194 166 133 160 181 324 263 160 234 198
1.0-1.5 13 3 56 32 39 20 18 8 4 - 9 6
1.5-2.0 - - - - - - 1 - - - - -
20-25 - - - - - - - - - - - -
Sample size 355 625 380 344 267 237 344 581 361 291 332 254
sum nos.x | 166.8 276.3 248.0 201.0 172.3 159.3 196.0 3153 2258 152.8 [209.0 168.5
age
mean age 0.47 0.44 0.65 0.58 0.65 0.67 0.57 0.54 0.62 0.52 0.63 0.66
MALE FEMALE
MANGALORE MANGALORE MALPE (IG) KARWAR (IG) MANGALORE MANGALORE MALPE (IG) KARWAR (IG)
(1 (16 a6 16
(estuary) (estuary)
Age groups | 1992-93 | 1993-94 | 1992-93 1993-94 | 1992-93 | 1993-94 | 1992-93 | 1993-94 | 1992-93 | 1993-94 1992-93 | 1993-94 | 1992-93 | 1993-94 | 1992-93 [ 1993-94
<0.5 - - 305 261 44 - 321 108 - - 368 232 46 - 308 85
0.5-10 8 11 47 40 23 - 52 23 2 6 94 108 30 - 26 36
1.0-1.5 4 18 - - 21 - - 2 16 20 - - 10 - 2 16
1.5-2.0 - - - - - - - - 1 4 - - - - 1 2
sample size 12 29 432 301 88 - 373 133 19 30 462 340 86 - 337 139
Sum nos. x 11.0 30.8 111.5 953 54.5 - 119.3 46.8 233 36.5 162.5 139.0 46.5 - 100.8 71.8
age
mean age 0.92 1.06 0.26 0.32 0.62 - 0.32 0.35 1.22 1.22 0.35 0.41 0.54 - 0.30 0.52
TN

-Trawl; 1G-indigenous gear:

Age composition in nos.
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6.1. P. sanguinolentus.

Size frequency histograms of males (A) and females (B) at Mangalore during

1992-94. (hollow bars = trawl data; filled bars = indigenous gear data; n = number of crabs
analysed).
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6.2. P sanguinolentus.
’ Size frequency histograms of males (A) and females (B) at Malpe 1992-94.

-(hollow bars = trawl data; filled bars = indigenous gear data; n = number of crabs analysed).
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68.7. P sanguinolentus.
Size frequency histograms of males (A) and females (B) pooled data for all
‘centres/ gears during 1992-94.
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1 6.8, P. pelagicus.
E Size frequency histograms of males (A) and females (B) pooled data for all

.centres/ gears during 1992-94.
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}‘ 10. P. sanguinolentus females.
" Scatter diagram for modal lengths (CW) - month at Mangalore (Mg), Malpe,
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8. 6.13. P sanguinolenius males (pooled data).

= A - the growth curve fitted by ELEFAN superimposed on the restructured data;
B - the growth curve determined by the mean growth parameters estimated by
Gulland and Holt plot / Ford-Walford plot superimposed on the restructured
data.
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6.14. P sanguinolentus females (pooled data).

A - the growth curve fitted by ELEFAN superimposed on the restructured data;

B - the growth curve determined by the mean growth parameters estimated by
Gulland and Holt plot / Ford-Walford plot superimposed on the restructured
data.



Fitted UB Cu

rve vs Heitfugturedbﬁﬁa

. A
) T 8 rhe L p- mmrmrm —
= - e
2
el | |
Fitted UB Curve vs Restructured Data .

Fig. 6.15. P. pelagicus males (pooled data).
A - the growth curve fitted by ELEFAN superimposed on the restructured data;
B - the growth curve determined by the mean growth parameters estimated by
Gulland and Holt plot / Ford-Walford plot superimposed on the restructured

data.
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Fig. 6.16. P. pelagicus females (pooled data).
A - the growth curve fitted by ELEFAN superimposed on the restructured data;
B - the growth curve determined by the mean growth parameters estimated by
Gulland and Holt plot / Ford-Walford plot superimposed on the restructured
data.
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STOCK ASSESSMENT

INTRODUCTION

The introduction of mechanised trawling in early fifties for ground fishes has
;olutionised the marine fisheries sector in India. It has not only resulted in locating new
;hmg grounds, exploiting a number of unexploited and underexploited finfish and
éellﬁsh resources, but also in substantial increase in marine fish production in the
auntry With the establishment of export market for marine products, particularly
i’awns, there has been a spurt in trawling activities. Concomitant with these increased
iiﬁihing activities, the marine fish production in the country has risen from 0.58 million

%?nes in 1950 to 2.24 million tonnes in 1993 (Annon.,1995), of which bulk of the catch

£

nded by mechanised trawlers.

Several finfish and shellfish contibute to the exploited marine fishery resources of

‘;;, mwwwwmmmm& e
St
a8

country. Among shellfishes, crabs form an important group in the trawl fisheries

éﬁ‘they are commercially important and have got export potential. Although their
:tribution to all-India catch was low in early sixties amounting to 4,000 tonnes, it
; eased steadily to 25,000 tonnes by nineties due to the expansion of trawl fisheries (In
nt years,the trawl operations have extended to deeper waters upto 75 m, besides a

nge in pattern of fishing from single day to multi-day fishing).

In Karnataka, the annual average catch of marine crabs for the period 1983-93
funted to 1,179 tonnes forming around 5.1 % of the marine crab production in the

s and 1 % of the marine fish landing in the state.

The heavy exploitation by mechanised trawlers, operated mainly in the narrow
1 al water regions, has resulted in wide fluctuations in abundance of these crabs as

ated by commercial catch statistics. This situation warranted better understanding
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Eme magnitude and dynamics of exploitation of the individual species and the present
idy is directed to provide information on growth parameters, mortality, yield-per-recruit
id stock assessment of these crabs from the Karnataka coast. The results of the study
E also useful to evolve rational management strategies for judicious exploitation of

bse valuable resources.
20 MATERIALS AND METHODS

An integration of the data of different types of fishery was not attempted as there
1s marked variation in the size composition of the catches of these gears. Hence, for
ock assessment, the data pertaining to trawl, which is the major single gear in the

?loitation of crabs, are used.

~ Itis assumed that the growth in carapace width follows VBG formula. The von
'rtalanffy growth parameters, L_ and K for males and females of P. sanguinolentus
dP pelagicus were estimated by using methods like, the Gulland and Holt plot (1959);
ibFord-Walford pIot (Ford, 1933; Walford 1946), in additon to the computerised
?fhod of ELEFAN (Pauly and David, 1981) from the size composition (carapace
?&) data collected from the trawl catches landed at Mangalore, Malpe and Karwar
rmg 1992-94 (see chapter VI). However, for the stock assessment studies the growth
?ameters (mean) determined by the Gulland and Holt plot and the Ford-Walford plot
mg the results obtained in the modal size progression analysis were used as these values

;‘e found to be realistic and fairly accurate (see Chapter VI).

The total instantaneous mortality coefficient (Z) in respect of P. sanguinolentus
!P pelagicus were estimated from the size frequency data by the Beverton and Holt
thod (1957), the Length converted catch curve method of Pauly (1983), the Cumulative

ch curve method of Jones and Van Zalinge (1981), and the Ssentongo and Larkin
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thod (1973), for 1992-93 and 1993-94 fishing seasons separately as done earlier

urthy, 1990; Sukumaran, MS). In the case of length converted catch curve method and

"WW

ulatlve catch curve method, the confidence limits were calculated (Sparre et al., 1989).

there is variation in growth parameters, the Z has been estimated sex-wise.

Since it is not known, which method gives a true and realistic estimate of the Z,
ous methods were used to determine this parameter to facilitate comparison and cross

kmg

The instantaneous natural mortality coefficient, M, is difficult to estimate.

i
4
=
g

Biee there is uncertainity in the value of M, different methods were used to determine

%parameter In the present study, M was found out by the following methods.

i S

=}

e Sekharan’s (1974) method. Under this method, M was estimated assuming 99 %

abs by number would die if there was no exploitation by the time they attained t_,_

WW

tnax s corresponding to L, in the catch.

Eﬂ

tThe Rikhter and Efanov (1976) method employing the following formula:

M = 1521 (t,)"" - 0.155

re, t.so = age at which 50 % of the population mature.
he Pauly’s (1980) method using the following empirical formula:

log,e M = 0.0066-0.279 log,, L,, + 0.6543 log,, K+ 0.4634 log,, T

're, L, is expressed in cm, and T is the mean annual environmental temperature (29°
taken as the T in the present study). Although, Pauly (1980) has cautioned against
use of his formula for crustaceans, it is useful in getting a reasonable estimate of M
enaeid prawns (Garcia ef al.,1981) and in the present study, it has been used along

other methods for comparison.
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Since there was considerable variation in the Z and the M estimates, the mean

ues of these parameters were considered for rest of the studies.

The instantaneous fishing mortality coefficient (F) was computed from the

: owing relationship.

For size at capture (I) the value of carapace width corresponding to the

-point of the first part in the descending part of the catch curve was taken.

»;-,m«-ug‘ S R T P e

o

d-point of the smallest size group in the catch was taken as the size at recruitment

¥

s

Since the exponent of the carapace width-body weight relationship is nearer to 3,

i it
™

e BH yield-per-recruit analysis was adopted to study the present status of the stock. The

ld-per-recruit (Y/R) as a function of annual fishing intensity, F (or annual exploitation
i'o, E = F/Z) for the present age at capture (t,) was estimated as per the analytical
,el>of Beverton and Holt (1957) by employing the following equation suggested by
and (1969).

Y/R= F exp[-M(t-t)] W, [1/Z - 3S/Z+K + 3S%/Z+2K - S} /Z+ 3K] |
re,
b S = exp [K(tt

K = von Bertalanffy growth parameter
t, = von Bertalanffy growth parameter
t. = age at first capture

t. = age at recruitment

W, = asymptotic body weight

F = fishing mortality

M = natural mortality
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= F + M, total mortality

. The weight asymptote, W_ was calculated as the weight in g at L_, using the

irapace width-weight relationship of the respective species.

For yield in weight (Y, ), the average annual catch of P. sanguinolentus and P.
;lagzcus for the period 1991-93 was taken (this was estimated from the annual average

zab landing in the state, using the mean percentage composition of these two species for

Eangalore, Malpe and Karwar).

To estimate maximum sustainable yield (MSY), the absolute annual yield (Y) was
&lbrated graphically from the yield-per-recruit curve after plotting the mean annual Y
71991-93 against the corresponding values of F or E (Corten, 1974). Since the yield
lrve was flat topped without any maxima,it was not possible to estimate the MSY by
%graphical method. Hence, the MSY was estimated by obtaining the F,,,, and finding

it the corresponding yield.

Estimation of stock in weight and number, absolute number of recruits, yield in
mber and mean weight of the species in the catch for various levels of Y/R as function

F and t_ is important for fishery prediction and management (Devaraj, 1983).

R annual exploitation rate (U) was estimated by the following equation of Ricker
158):
U = F/Z[1-exp(-Z) 2

?total stock at the beginning of the year, P is estimated from,
‘P = Y/U 3

?gre, Y = annual yield in tonnes, and U = exploitation rate. The absolute number of

S'UItS (R) at age at capture (t.) is estimated from the relation,
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R =Y/YR .4

?here, Y/R = yield in weight per recruit. The mean number in the exploited phase (P,)

;iestimated from,
P, =R (P/R) .5

;_rhere, P/R = the mean population number per recruit. The yield in number (Y,) is
omputed from,
Y, = R (YJ/R) .6

here, Y,/R = yield in number per recruit.
Y/R =P/R x F 7

he mean population number per recruit (P/R) is computed from the following

lationship given by Beverton and Holt (1957),

P/R={l-eMp/M+e-MpeteM¥ pynpyy .8

= recruits in numbers; M = natural mortality coefficient; F = fishing mortality

efficient; p (lambda) = fishable life span of the species.

The mean weight of the crab in the annual catch, Wy is estimated from,

W, = Y,/ Yn .9

y

[he initial population in number(N,) is computed from,
N, = Y,/U D

ie average standing stock was estimated from,
YF or Y,WJ/F= NW, 11

For studying the effect of change in the cod end mesh size, the following
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gowdure was followed. For each species, the present 1, values were converted into t,

Elues using VBG parameters employing the following inverse von Bertalanffy’s equation.

R

L) = t,- /K In(1-L/L,) .12

The present t. values were decreased and increased by the same factor (as
fO%,-ZO %, +10 %, +20 % etc.). Using these t, values, the present F and other

Hevant parameters, the Beverton and Holt (1957) yield-per-recruit analysis was made

;mg the computer programme BHYR incorporated in LFSA sub package (Sparre,

?87) for creating yield-mesh-curves.

To obtain the yield at different t_, the Yw/R obtained at different t, for the current

:'%were raised to the R estimated as mentioned above.

5 The Y,/R as a function of F for different M, keeping t, and other parameters
mstant, were estimated for males and females of P. sanguinolentus and P. pelagicus to

pd out the influence of M on the yield curve.

The optimum age of exploitation (t) and potential yield-per-recruit (Y’) were

plmated from the following equation developed by Kutty and Qasim (1968).

Y =aeMW WL -(L,-1)e™ , P .13
where, t, estimated from the equation,

e = (L,-1)(bk + M)/ML,

i1, from,

= L=L,(1-e*©

(4]

| = growth coefficient; t, = optimum age of exploitation in years; I” = age at
Z:mitment in years; 1, = length in cm when t = 0 ; b and a = exponent and constant
?pectlvely in the carapace width- body weight relationship; Y’ = optimum yield per

?rult M = natural mortality coefficient; L_ = length infinity in cm)
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For Karnataka, the annual trawler effort in boat hour (bh) for 1983-1993 was

Iculated by dividing the annual crab catch by the average crab catch per boat hour
imated for the major centres (Mangalore and Malpe) for the respective years(see
apter I). The total annual effort in boat hour was divided by the average trawling
1s per day (8 hours) to convert effort into boat day (bd) which was then divided by
' observed number of fishing days per year (215 days) for expressing the effort in
wlers per day (tpd) as suggested by Smitha and Devaraj (1990). The trawler effort for

pveral years were calculated (Table 7. 1) in order to monitor the growth of trawler fleet

also to facilitate the regulation of effort.

As there was no size composition data in respect of P. sanguinolentus and P.

gmrwwﬁwmmmmwgr

lagicus from 1983 to 1991, Z was estimated from the mean values of catchability

Y

fﬁment (q = F/f) determined for the period 1992-94 (assuming that the mean values

T R T

q for 1992-94 to be true for the previous years,1983-91 also) for which both annual

ing mortality coefficient (F) and fishing effort (f) are available. The F for the previous

ars were estimated to study the variability in fishing intensity over the years.

The optimum level of effort, f{(MSY) and and maximum sustainable yield (MSY)

re also estimated using the “surplus production models’ like the Schaefer model (1954)

Bd the Fox model (1970).

Schaefer : y(i)/f(i) = a + b f(i) if f(i) = -a/b
Fox :In (y(i)/f(i))= c + d £(i)

ire, y(i) = catch in the ith year; f(i) = effort in the ith year; a and ¢ = intercepts; b

f d = slopes.
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80. RESULTS

3.1. Instantaneous total mortality coefficient )

i

The Z estimated by various methods for males and females of P. sanguinolentus

S

?dP pelgicus exploited by different type of gears at Mangalore, Malpe and Karwar are
Eesented in Tables 7.2-7.3. The Z estimated by length converted catch curve method and
iunulatlve catch curve method for P. sanguinolentus and P. pelagicus are illustrated in
égs 7.1-7.8. In P. sanguinolentus males, it ranged from 1.63 to 5.96, while in females,
?ranged from 2.00 to 5.94. In the case of P. pelagicus, it ranged from 2.94 to 8.08 and
gom 275 to 8.10 in males and females respectively. The mean values of Z estimated for
aales and females in respect of trawl were 42 + 051 and 39 + 042 for P.

énguinolentus and 5.6 = 0.71 and 4.8 x 0.69 for P. pelagicus.

.32 Instantaneous natural mortality coefficient (M) and Fishing mortality
é coefficient (F)

; The natural mortality coefficient (M) estimated by various methods for males and
Egnales of P. sanguinolentus and P. pelgicus are given in Tables 7.4. It is seen that the |
ivalues varied from 1.08 to 1.85 in males and from 0.96 to 1.8 in females in the former
gecies. In the latter species, it ranged from 1.15 to 2.09 in males and from 1.04 to 2.01
?females. The mean values of M in males and females were 1.6 and 1.5 for P.

;zguinolentus and 1.7 and 1.6 for P. pelagicus.

The F values obtained in males and females were 2.6 and 2.4 for P. sanguinolentus

kd39 and 3.2 for P. pelagicus.
33 Size at capture (1)

The size at capture (1) for P. sanguinolentus was 72.5 mm (t. = 0.45 year) in
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pales and 82.5 mm (tc =0.61 year) in females. The 1, values for P. pelagicus were 92.5

: (t. =0.49 year) and 97.5 m (t. =0.60 year) in males and females respectively.

The size at recruitment (1,) in males and females were 22.5 mm (t, = 0.11 year)
4 hd 17 5 mm (t, =0.02 year) for P. sanguinolentus and 27.5 mm (t, =0.12 year) and 32.5
f.: (t= 0.11 year) for P. pelagicus.

.4. Yield-per-recruit (Y/R)

The values of W, corresponding to L. was calculated as 457.5683 g for males and
k 956378 g for females of P. sanguinolentus. The similar values for P. pelagicus were

}» 2474 g and 535.4558 g respectively.

. The yield per recruit in weight (Y,/R) for males (at M=1.6; t, = 0.46 year) and
ales (at M =15 ; t, = 0.61 year) for varying F in respect of P. sanguinolentus is
1cted in Figs. 7.9A- 7.9B and Tables 7.5-7.6. Similarly, the Yw/R for males (at M
l L7, t. = 0.49 year) and females (M= 1.6; t, = 0.60 year) for varying F in the case of
pelagicus is given in Tables 7.7-7.8 and Figs. 7.10A - 7.10B.

i It is seen that the Y, /R, at M= 1.6 and t. = 0.46 year, steadily increased and
| hed a maximum of 21.95 g at F,,. =2.23 (E =0. 53) for 970 tpd (208.4 x 10° bd) and
: eafter marginally reduced to 21.87 g at the present F = 2.6 (E =0.62) for 1130 tpd

0 x 10° bd) in P. sanguinolentus males (Fig.7.9A). The maximum sustainable yield

Y) was estimated at 403.0 tonnes.

i In the case of P. sanguinolentus females, at M =1.5 and present t, =0.61 year, the
V R increased to a maximum of 15.19 g at F,,,, =3.14 (E=0.81) for 1490 tpd (320.0 x
bd) At the present of F =2.4 (E =0.62) for 1140 tpd (245.1 x 10° bd ) the Yw/R was

3 7g. The maximum sustainable yield (MSY) was estimated at 373.0 tonnes (Fig. 7.9B).
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In P. pelagicus males, the Y,/R at M = 1.7 and t. = 0.49 year, steadily increased
) a maximum value of 49.93 g at F,,,, 3.06 (E = 0. 55) for 900 tpd (193.5 x 10° bd) and

'_the present F = 3.9 (E=0.70) for 1150 tpd (247.2 x 10° bd) the Y, /R was 49.57 g (Fig.
10A) The MSY was estimated at 275.0 tonnes.

R

nng@ i el

In P. pelagicus female, at M=1.6 and t, =0.60 year, the Y /R steadily increased
31 15 g at F,,,, = 3.87 (E = 0.81) for 1380 tpd (296.7 x 10° bd). At the present level

F 32(E=0. 67) for 1140 tpd (245.1x 10° bd), the Y,/R was 31.04 g (Fig. 7.10B).
e MSY was estimated at 292.0 tonnes.

In P. sanguinolentus males, the yield increases with increasing effort and reaches

i

max1mum of 403.0 tonnes at 85 % of the present effort (Fig 7.9A). In the female of

ipmy w g

same species, the yield at MSY level was realised at 130 % of the present effort (Fig.

W«r;wuw:mwr‘!"ﬂ:@w
=

In P. pelagicus males, the yield increases with the increasing effort and reaches

(S5 S

aximum of 275.0 tonnes at 79 % of the present effort (Fig. 7.10A). In the female
the same species, it is seen that the yield increases with increasing effort and attain a

imum of 292.0 tonnes at 120 % of the present effort (Fig.7.10B).

Keeping M at the present level (M =1.6 and 1.5 in males and females of P.
inolentus and 1.7 and 1.6 in males and females of P, pelagicus respectively), the Y,/R
~ function of F for different values of t. (Figs. 7.11A,7.11B, 7.12A, 7.12B),and yields
4 he % of the present t, for the present F in males and females of these species have
_n calculated (Figs. 7.11C,.7.11D, 7.12C, 7.12D). In addition, yields as percentage of
present t. were also estimated for varying F for males and females of these crabs
o 7.9). This study has indicated that the yield of P. sanguinolentus could be
eased by 10.2 % in males and 3.8 % in females if the size at capture (1) is increased

A % in both sexes [from 72.5 mm (0.46 year) to 87 mm (0.58 year) in males and from
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5 mm (0.61 year) to 99 mm (0.81 year) in females]. Similarly, in the case of P.
# agicus, the yield could be increased by 10.1 % in males and 2.6 % in females by
‘ jcreasing the 1, by 20 % in both sexes [ from 92.5 mm (0.49 year) to 110 mm (0.63 year)
.males and from 97.5 mm (0.61 year) to 117 mm (0.82 year)in females].

The Y,/R as a function of fishing intensity for different values of M, keeping t,
: tant are shown in Figs. 13A, 13B, 14A,and 14B. It is seen that the variation in the
| agnitude of M can have great influence on the shape of the curve of Y,/R. The range
M taken (the maximum and the minimum values obtained in the study) taken as a
ssible range within which the mean natural mortality might lie. All the curves have the
neral same shape. It is seen that as M increases there is a marked decrease in

; WR)un and an appreciable increase in the corresponding value of F,_

The Figs. 7.15A, 7.15B, 7.16A and 7.16B show isopleths of annual yield in weight
k recruit (Y,/R) as a function of F and t, for males and females of P. sanguinolentus
’ bd P. pelagicus. The horizontal lines at t. = 0.46 year in Fig. 7.15A, t_ = 0.61 year in Fig.
5B t. = 0.49 year in Fig. 7.16A and t, =0.60 in Fig. 7.16B indicate the section
espondmg to the curve of Figs. 7.9A, 7.9B, 7.10A and 7.10B respectively. The change
(F)mx with t, is shown approximately by the dotted line AA’ (MSY curve). The value
(t Jmax IRCreases with F. The course of this increase is indicated by the upper dotted
BB (Eumetric fishing curve). The maximum possible value of Y, /R is seen from Figs
5A 7.15B, 7.16A, 7.16B to be at F = = (E =1) corresponding to the value of t.
: een 0.9 and 1 which is the meeting point of Eumetric fishing curve with MSY curve.
is the age at which the total weight of the brood is at its greatest. This is the
:: mum age of exploitation (t,) and Y,/R at t, is the potential yield per recruit (Y/R)
rdmg to Kutty and Qasim (1968).

For P. sanguinolentus males,the potential yield per recruit (Y’) was 28.04 g atE
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Bl (= Fx) and t, = 1.0 yr in the yield isopleth diagram shown in Fig.7.15A. The
;tlmum age of exploitation (t,) and potential yield per recruit (Y’) were estimated
yependently according to the method of Kutty and Qasim (1968) at 1.07 years (I, = 128
h) and 27.55 g respectively which were very close to the values determined by yield per
;crult analysis and shown in Fig. 7.15A.

gt

In P. sanguinolentus females, Y’ was found to be 17.2 gfort = 1.0yearatE =1

R

?F ) (Fig. 7.15B). The independent estimates of Y’ and t, were 19.28 g and 1.08 years

Epectlvely which were very near these values obtained by yield per recruit analysis.

In P. pelagicus males, the potential yield per recruit (Y’) was 58.48 g for t, = 0.9
Bar for E=1 (F,) (Fig. 7.16A). The independent estimates of Y’ and t, were 47.3 g and

1)6 years (1. = 149 mm) respectively. Although there was marginal variation in these

timate of Y’, the t, value was very close to the values determined by yield per recruit

tysis (Fig.7. 16A).

In the P. pelagicus females, the Y’ and t, estimated independently at 30.9 g and
05 years (135 mm) which were very near the estimates obtained by yield per recruit

glysis (34.63 g and 0.96 year respectively)(Fig. 7.16B).

.5 Stock assessment

N

~ The annual average yield (Y), the Standing Stock (Y/F),the average stock
gU) ,the MSY, mean population number (P, ), yield in number (Y,), mean population
glber per recruit (P /R), mean number per recruit (Y /R), yield in weight per recruit

?/R) and biomass per recruit (P,/R) estimated for the present F and t.in respect of

les and females of P. sanguinolentus and P. pelagicus for Karnataka waters are given
able 7.10-7.11. The initial population number (N,) 1s estimated at 99.228 million for

nguinolentus and 40.563 million for P. pelagicus.
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The Standing Stocks were estimated at 308.0 tonnes for P. sanguinolentus (154.0
banes for males and 154.0 tonnes for females) and 161.0 tonnes for P. pelagicus (70.0

Ennes for males and 91.0 tonnes for females).
P

As a first approximation the MSYs for the species (sexwise) were pooled to arrive
#a “pooled MSY’ for the crab stocks and the corresponding fysy, were estimated

E’aphically. The MSY estimated by Beverton and Holt model were 776.0 tonnes (403.0

mnes for males and 373.0 tonnes for females) for P. sanguinolentus and 567.0 t (275.0
%r males and 292.0 for females) for P. pelagicus, while the annual average yield for the
enod 1991-93 were 771.0 tonnes (401.0 tonnes and 370.0 tonnes for males and females

spectively) for the former species and 564.0 tonnes (273.0 t for males and 291.0 tonnes

;females) for the latter.

The Annual Average Stock for P. sanguinolentus and P. pelagicus were 1272.0
gﬁnes (658.0 tonnes for males and 614.0 tonnes for females) and 834.0 tonnes (394.0

§nes for males and 440.0 tonnes for females) respectively.

The annual mean number of the population (P,) in the exploited area and the

ald in number (Y,) for the present level of F and t_ in P. sanguinolentus were 24.149
Ellon and 59.965 million respectively. For P. pelagicus, the Pn and Yn were 7.897
Ellon and 27.251 million respectively( Tables 7.10-7. 11).

The MSY and f(y5y) estimated for P. sanguinolentus and P. pelagicus by different

tthods are as follows.

¢ Method MSY

f(MSY)
ferton and Holt 1343 tonnes 1190 tpd (225.8 x 10° bd)
1100 tonnes 1120 tpd (240.8 x 10° bd)
éefer 1450 tonnes 1660 tpd (356.9 x 10° bd)
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g;ﬂ. DISCUSSION

Despite their economic significance, the dynamics of the exploited population of
?e crabs remain poorly understood as there is no information on mortality and stock
?essment of brachyurans from India. Hence, the present results could not be compared
?h works of similar nature. However, there are some studies on the stock assessment
Eother crustaceans, particularly on prawns from the southwest coast of India( Alagaraja

%1 1986, George et al., 1988; Smitha and Devaraj, 1990, Sukumaran et al., 1993;
ikumaran et al., 1993a; and Sukumaran, MS).

It is seen that the total mortality (Z) in the penaeid prawn, Metapenaeus
Bnoceros estimated by various authors ranged from 3.2 to 11.6 in males and 1.1 to 8.5
females (George ez al., 1988; Sukumaran et al., 1993; Sukumaran, MS), whereas, in the
;e of another penaeid, Metapenaeus dobsoni, the annual average Z ranged from 16.5
253 in males and from 16.3 to 20.5 in females. (Sukumaran et al., 1993a). In another
idy on the same species, Smitha and Devaraj (1990) estimated Z ranging between 3.4
d53 In the case of the portunids studied, the Z ranged from 1.63 to 5.96 in males
idfrom 2.00 to 5.94 in females of P. sanguinolentus, while in P. pelagicus, it ranged from
E4to 8.08 in males and from 2.75 to 8.10 in females in the trawler catches. It is seen
itthe Z values obtained in these portunids were near to the similar values estimated
M monoceros. However, in M. dobsoni, the Z is very high since it is an intensively

floited coastal resource.

Although there was wide variation in the annual Z for M. dobsoni estimated by
ious workers, the annual average M determined by these workers was found to be 2.3
both sexes in this speces (Smitha and Devaraj, 1990; George et al., 1988, Alagaraja
zl, 1986, Sukumaran et al., 1993a). In the case of M. monoceros, The annual M,

Eﬁxated by various workers, ranged from 1.8 to 2.6 in males and 1.8 to 2.3 in females
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JGeorge et al., 1988, Sukumarn er al., 1993, Sukumaran, MS).

It is well known that information on mortality is extremely critical to the study of
pulation dynamics. Considering the fact that there was no previous record on the
imation of Z in portunids, care was taken to estimate this vital parameter. As a
:" s-check, different methods were employed in estimating Z in the present study.
ccordingly, the annual average Z for males and females were 4.2 and 39 in P.

: iguinolentus and 5.6 and 4.8 in P. pelagicus respectively.

In view of the uncertainity in the estimation of M, it was estimated by three
erent methods. The annual mean values of M for males and females were 1.6 and 1.5

the former and 1.7 and 1.6 for the latter species respectively.

In the penaeids, M. dobsoni and M. monoceros, the fishing mortality coefficient B
found to be relatively high in males as compared to that of females (Sukumaran et
:., 1993, 1993a). This may be largely due to the fact that males are subjected to more
: ing mortality as they remain in the fishing ground throughout the fishing season,
ereas females avoid the gear during certain part of the year as they move out of the
hing ground for breeding purposes. A similar situation is discernible in portunids too,
: h males having higher F values (2.6 in P. sanguinolentus and 3.9 in P, Ppelagicus), while

bmales recording lower values of F (2.4 for the former and 3.2 for the latter species).
: Is may probably be due to the migration of females to deeper waters for hatching their

b thereby subjected to less fishing mortality as compared to males(see Chapter V).

In the first half of eighties (1983-86), the Z was relatively low ranging from 2.0 to
m males and 2.3 to 3.0 in females of P, sanguinolentus (Table 7.12). In P. pelagicus,
an ged from 3.5 to 4.2 in males and 2.7 to 3.3 in females. Since the second half of

' tles the fishing became more intense due to the addition of more and more trawlers
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gsulting in higher values of Z (3.5-6.7 in males and 3.5 - 6.4 in females of P.

- guinolentus and 4.6 - 9.2 in males and 3.9 - 7.8 in females of P. pelagicus).

The catchability coefficient (q) could be estimated only for 1992-94 season since
rand f values were available only for this period. Although, q may vary significantly
:- year to year, a constant value of q was used to estimate F for the previous years as
re was no alternate means of estimating F for this method. However, this method
7 e a fairly accurate values of F as is evident from Figs. 7.9A, 7.9B, 7.10A and 7.10B,
éere the catch during 1983-93 were superimposed against F or E. In addition, the values

average annual F estimated by this method for 1983-93 period and the same arrived

pelagicus were more or less same.

?by several other methods for 1992-94 in males and females of P. sanguinolentus and
. For Karnataka waters, the annual average stock was estimated at 2106 tonnes
;.sanguinolentus = 1272 tonnes + P. pelagicus = 834 tonnes), whereas the maximum

ainable yield (MSY) was estimated at 1343 tonnes (P.sanguinolentus = 776 tonnes +

1‘pelagicus = 567 tonnes) by the yield per recruit model of Beverton and Holt which is

d to be very close to the annual average yield of 1335 tonnes (P.sanguinolentus = 771

in nes + P. pelagicus = 564 tonnes) obtained during 1991-93 period.

To estimate the optimum level of effort, i.e. the effort which produces the
, ximum sustainable yield, fusy, the “surplus production models like the Schaefer
4) model and the Fox (1970) model were used in addition to the yield per recruit
del of Beverton and Holt in order to arrive at a true estimate of (). The estimates
:;:the MSY and the fyy, for total crabs for Karnataka waters were 1610 tonnes and
0 tpd (395.6 x 10’ bd), whereas the similar values got by employing the Fox model
e 1220 tonnes and 1250 tpd (268.7 x 10’ bd) respectively for 1983-93 period. Since

MSY estimated by these two models include other crabs (which form about 10 % of
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crabs) also, the MSY for P. sanguinolentus and P. pelagicus alone may be around 90
of these estimates ( i.e. 1450 tonnes by the Schaefer model and 1100 tonnes by the
x model). The MSY estimates by the yield per recruit model ( 1343 tonnes for these
:" o species together) was between the estimates obtained by the Schaefer model and the
‘x model and found to be fairly accurate. Although the annual yield was lower than the

: Y in most of the years, it exceeded MSY level in 1986, 1987 and 1992.

The annual average of fosy, for P. sanguinolentus and P. pelagicus together was
T«.n ated at 1190 tpd which is very close to the value obtained by the Fox model (1120
- which is 90 % of fsy, estimated for all crabs). The estimate of fsyy by the Schaefer

i' del was found to be on the higher side (1660 tpd or 356.9 x 10° bd).

. The present studies indicate that, for P. sanguinolentus and P. pelagicus, the
jvailing fishing intensity for males (F = 2.6 or E =0.62 for the former species, F =3.9
T E = 0.70 for the latter) was more , whereas it was low for females (F=240rE
.62 for the former species, and F =3.2 or E =0.67 for the latter). However, since the
‘ ent yield of males and females of these two crabs are very close to MSY level, it will
:‘ advantageous if the effort is maintained at the current level (1130 tpd or 243.0 x 10°

) itself to obtain biologically optimum yields.

Since the cod-end mesh size is small (28- 35 mm), large quantities of juveniles of
‘ se crabs are retained by trawl net all through the year. This is detrimental to the crab
ks and warranted some urgent regulatory measures for the conservation of the
urces. As the exploited area contains several species of commercial importance that
caught simultaneously by the same gear, any method of regulation applied for one
urce should not affect another resource adversely. Hence several factors have to be
‘en into account in arriving at the most suitable form of regulation for the area as a

le. Eventhough there are several methods of regulation (minimum mesh size,
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kmmlmum legal size, reduction of power of fishing vessels, reduction of catch, control of
pﬁshlng activity, closed season, closed areas, controlled building of fleets etc.), taking into

ioon51deratlon several factors (economic, social, biological etc.), mesh regulation along

ith certain amount of control of fishing intensity appears to be the most appropriate and
suitable method for the conservation and management of the marine crab resources in

Karnataka.

In the light of the requirements for optimum fishing and also to increase the size
at capture (1) by 20 % (t. by around 30 %) to permit the young crabs to escape through
the meshes of the net and thereby enhance the yield subsequently, an increase in cod-end
inesh size to 40 mm from 33 mm (mean) would seem to be a practical and ideal one.
?in addition, there is an urgent need to restrict the effort at the present level (1130 tpd

or 243.0 x 10° bd) as a management strategy to prevent over-exploitation of these

%aluable resources in the coastal waters of Karnataka.



TABLE 7.1.
Crab catch and trawl effort estimated for 1983-93 for the
Karnataka coast.

total crabs | catch rate Effort
Year ) ® bd x 1000 tpd
Y Y/
1983 533 0.722 158.6 738
1984 476 0.769 83.8 390
1985 596 0.963 133.0 619
1986 1868 3.565 112.8 524
1987 2575 1.703 325.1 1512
1988 762 0.344 476.2 2215
1989 771 0.809 205.0 953
1990 948 1.135 179.5 835
1991 1181 1.136 223.6 1040
1992 2069 1.377 323.3 1503
1993 1174 1.376 182.4 853
Average for 1179 1.158 2186 1016
1983-93
Average for 1475 1.303 243.1 1132
1991-93

bd =boat day; tpd = trawl per day.



TABLE 7.2

Estimates of total mortality coefficient (Z) in P. san

?(awvar during 1992-93 and 1993-94 .

guinolentus at Mangalore, Malpe and

Cumulative 0
¢ Centre/gear Fishing | Pauly's method | catch curve method Beverton & | Ssentyngo & Average
‘ season (1983) of Jones & Holt (1956) | Larkin method
Van Zalinge (1981) (1973)
MALE
Mangalore (TN) 1992-93 5.62 +1.83 2.57+0.46 2.66 3.12 3.49
1993-94 424+1.42 4.14 +£0.34 4.93 5.37 4.67
Malpe (TN) 1992-93 1.63 +0.82 226+0.72 2.78 3.24 2.48
1993-94 4.93 +£0.40 5.49 £0.23 5.01 5.47 5.23
{arwar (TN) 1992-93 4.33+1.01 5.07+£0.35 5.53 5.96 5.22
. 1993-94 4.19+0.72 3.38+0.97 4.23 4.66 4.13
{arwar (SS) 1992-93 4.35+1.01 4.44 + 0.30 5.06 5.41 4.82
4.91+1.39 4.75+ 047 5.16 5.62 5.11
bverage for TN 4.17 3.82 4.19 4.64 4.20
FEMALE
dangalore (TN) 1992-93 2.00+1.02 2.80 £ 0.97 2.69 3.06 2.64
1993-94 5.19+0.88 5.31+£0.50 5.58 5.94 5.50
falpe (TN) 1992-93 3.78 £ 0.63 4.33+£0.43 4.57 4.94 4.40
1993-94 3.72+1.40 4.18 +£0.38 3.60 3.99 3.87
arwar (TN) 1992-93 3.49+ (.45 3.71+£0.34 3.90 4.25 3.84
1993-94 2.64+137 291+0.19 3.09 3.45 3.02
arwar (SS) 1992-93 3.63 £ 0.97 5.02+0.59 5.39 5.79 4.95
1993-94 4.20 + 1.09 4.36 +0.67 4.12 4.52 4.30
Yerage for TN 3.47 3.87 3.90 427 3.88

N=trawl net; SS = shore seine



Estimates of total mortality

coefficient (Z) in P,
992-93 and 1993-94,

f¥aipe and Karwar during 1

pelagicus at Mangalore,

Cumulative 0
. Centre/gear Fishing Pauly's method | catch curve method | Beverton & Ssentango & Average
: season (1982) of Jones & Holt (1956) | Larkin method
Van Zalinge (1981) (1973)
- _MALE
Mangalore (TN) 1992-93 727 +£1.66 6.90+1 14 6.31 6.83 6.85
1993-94 6.14+1.07 7.69£0.62 7.34 7.99 7.32
galore (MT) | 1992-93 9.70+2.71 10.12 + 2.69 11.58 12.09 10.91
estuary) 1993-94 642+ 191 985+ 1.12 9.53 10.03 9.03
pe (TN) 1992-93 7.47 £0.83 8.08 +1.68 6.09 6.53 6.95
1993-94 2.94+£0.90 384+1.72 4.11 4.62 3.87
ar (TN) 1992-93 6.07 + 1.84 3.56 £ 0.53 3.51 4.03 4.29
1993-94 3.10+0.73 4.04 £ 0.41 4.48 4.47 4.01
ar (SS) 1992-93 5.57+1.63 5.08+1.53 4.92 5.54 5.29
7.19+ 210 6.54 + 0.89 7.59 8.04 7.40
verage for TN 5.50 5.69 531 5.75 5.56
FEMALE

galore (TN) 1992-93 6.46 £ 1.99 4.77+£0.77 422 5.80 5.31
E 1993-94 7.67+£1.44 7.34+0.84 7.53 8.04 7.65
¥ ngalore (MT) | 1992-93 743 £ 246 8.94+0.92 891 9.42 8.68
£ estuary) 1993-94 4.07+1.70 4.18+1.78 6.39 6.90 5.39
E}%(TN) 1992-93 3.58+£1.49 4.28+1.12 4.55 5.03 4.36
E 1993-94 4.10+2.26 3.04+1.26 3.45 3.93 3.63
Earwar (TN) 1992-93 4.90 £ 1.5]1 2.98+0.56 2.91 3.42 3.55
1993-94 2.75+1.30 3.27+0.64 5.69 3.82 3.88
farwar (8S) 1992-93 817+ 1.75 6.09 £ 1.65 7.44 7.93 7.41
1993-94 2.68 £ 0.55 4.69 + 1.69 2.40 2.89 3.17
g'g rage for TN 491 428 4.73 5.01 4.73

N=trawl net; MT = minj trawl; SS

ABLE 7.4.

= shore seine

stimates of natural mortality coefficient (M) for

:sanguinolentus and P, pelagicus by different methods.

ethod P. snguinolentus P. pelagicus
Male Female | Male Female

uly (1980) 1.08 0.96 1.15 1.04

tther & Efanov 1.85 1.77 2.09 2.-01

176)

tharan (1974) 1.80 1.80 1.80 1.80

srage 1.60 1.50 1.70 1.60




TABLE 7.5.

Yield per recruit (YW/R) and Biomass per recr
for different Fishing m

P. sanguinolentys males.

u

ortality coefficient (F)in

it (Bw/R)

F Y/Ring B/Rin g

0.000 0.000 45.734
0.200 7.436 37.181
0.400 12344 30.860
0.600 15.636 26.061
0.800 17.865 22.332
1.000 19.378 19.378
1.200 20.398 16.998
1.400 21.075 15.053
1.600 21,508 13.443
1.800 21,769 12.094
2.000 21.906 10,953
2.200 21.953 9.978
2.400 21935 9.139
2.600 21.871 8.412
2.800 21.773 7.776
3.000 21.653 7.217
3.200 21516 6.723
3.400 21.368 6.284
3.600 21.213 5.892
3.800 21.055 5.541
4.000 20.896 5.224
4.200 20.737 4.937

Fmax =2 236 MSY/R =21.954

F0.1=1.151 YR forF=Fg 1] 1 20.186

Parameters used

Woo =457.57g

K = 0.99

t0 =-0.0132

M =16

tc =0.46



TABLE 7.6.

Yield per recruit (YW/R) and biomass per recruit (Bw/R)
at different fishing mortality coefficients (F) for

P. sanguinolentus females.

F YRing B/Ring
0.000 0.000 29.153
0.200 4.745 23.727
0.400 7.905 19.762
0.600 10.064 16.773
0.800 11.569 14.461
1.000 12.634 12.634
1.200 13.396 11.163
1.400 13.944 9.960
1.600 14.339 8.962
1.800 14.624 8.124
2.000 14.827 7.413
2.200 14.970 6.804
2.400 15.067 6.278
2.600 15.130 5.819
2.800 15.167 5.417
3.000 15.185 5.061
3.200 15.187 4.746
3.400 15.178 4.464
3.600 15.161 4.211
3.800 15.137 3.983
4.000 15.108 3.777

Fmax=3.137 MSY/R=21.954
F0.1=1.259 Y/R for F=FO0.1: 13.578
Parameters used

Woo =355.64g
K = 0.82

to =-0.0975
M =13

tc =0.61

tr =0.02



TABLE 7.7.
Yield per recruit (YW/R) and biomass per recrui

at different fishing
P. pelagicus males,

t (Bw/R)

mortality coefficients (F) for

F YRing B/Rin g

0.000 0.000 86.734
0.200 14.460 72.303
0.400 24 536 61.340
0.600 31.686 52.810
0.800 36.830 46.038
1.000 40.568 40.568
1.200 43301 36.084
1.400 45.305 32.361
1.600 46.772 29232
1.800 47.839 26.577
2.000 48.606 24.303
2.200 49.145 22.338
2.400 49510 20.629
2.600 49.743 19.132
2 800 49 873 17.811
3.000 49.923 16.641
3.200 49913 15.598
3.400 49.856 14.663
3.600 49,763 13.823
3.800 49.642 13.064
4.000 49.501 12.375
4.200 49.344 11.748
4.400 49.175 11.176
4.600 48.998 10.652
4.800 48.816 10.170
5.000 48.631 9.726
5.200 48.443 9316
5.400 48.256 8.936
5.600 48.069 8.583
5.800 47.883 8.255

Fmax =3.061 MSY/R = 49.221

FO.1=139 YRforF =F0.1:45.222

Paramaeters used

Wao = 816.25g

K = 1.14

t0 =-0.0194

M =17

tc =049 yr

tr

=0.12yr



TABLE 7.8.

Yield per recruit (YW/R) and Biomass per recruit (Bw/R)
at different fishing mortality coefficients (F) for

P. pelagicus females.

F YRing BRing
0.000 0.000 52.215
0.200 8.672 43.362
0.400 14 688 36.721
0.600 18.961 31.603
0.800 22,055 27.569
1.000 24.329 24.329
1.200 26.020 21.683
1.400 27.290 19.493
1.600 28.249 17.656
1.800 28.977 16.098
2.000 29.531 14.765
2.200 29.950 13.614
2.400 30.268 12611
2.600 30.505 11.732
2.800 30.680 10.957
3.000 30.807 10.269
3.200 30.894 9.654
3.400 30.951 9.103
3.600 30984 8.606
3.800 30.998 8.157
4.000 30.996 7.749
4.200 30.981 7.376
4.400 30.957 7.035
4.600 30.926 6.723
4.800 30.888 6.435
5.000 30.845 6.169

Fmax=387 MSY/R = 30999 g
F0.1=1437 Y/RforF= FO.1: 27.486
Parameters used

Woo =535.46g
K = 0.97

t0 = -0.0691

M =16

tc =0.601yr

tr =0.11yr



TABLE 7.9.

Yield at different tc in relation to va

and P. pelagicus.

rying F in males and females of P. sanguinolentus

P. sanguinolentus RELATIVE F
Male tc corresponding | -20 % | -10% | No Change[ + 10 % | +20 %
(vear) Ic (mm) 2.1 2.3 2.6 2.9 3.1
-20 % 0.37 61.0 386.3 385.1 381.7 377.0 | 373.7
RELATIVE -10 % 041 67.0 368.3 365.6 382.0 353.7 | 3493
VALUE No change 0.46 72.5 401.6 | 4025 401.0 398.1 | 3958
OF +10 % 0.50 78.0 4158 | 4175 417.9 416.7 | 4154
tc +20 % 0.55 83.0 4271 430.0 432.0 432.7 | 4323
+30 % 0.59 87.0 4359 | 440.1 444.0 4459 | 446.4
RELATIVE F
Female tc corresponding | -20% | -10% | No Change| +10% | +20 %
{year) Ic (mm) 1.9 2.2 2.4 2.6 2.9
RELATIVE -20 % 0.49 71.5 343.5 3453 345.3 3446 | 342.8
VALUE -10 % 0.54 77.0 354.1 358.0 359.2 359.7 | 3594
OF No change 0.61 82.5 361.8 367.6 370.0 371.5 | 3722.7
tc +10 % 0.67 87.6 366.8 374.2 377.7 380.2 | 3827
+20 % 0.73 92.5 369.1 378.0 382.3 385.7 | 3894
+30 % 0.79 97.1 368.9 379.1 384.2 388.3 | 393.0
P, pelagicus RELATIVE F
Male tc corresponding | -20 % | -10% | No Change| +10 % [ +20 %
(year) Ic (mm) 3.1 3.5 3.9 4.3 4.7
-20 % 0.39 78.7 248.7 245.3 241.7 239.9 | 234.1
RELATIVE -10 % 0.44 85.7 262.9 261.0 258.5 255.8 | 2529
VALUE No change 0.49 92.5 274.9 274.3 273.0 2713 | 2693
OF +10 % 0.54 99.0 284.6 285.2 285.0 284.3 | 283.2
tc +20 % 0.58 105.0 291.8 293.6 294 .4 2946 | 2943
130 % 0.63 110.7 296.8 299.6 3014 3023 | 302.8
RELATIVE F
Female tc corresponding | -20% [ -10% |No Change | +10 % | +20 %
(year) Ic (mm) 2.6 2.9 3.2 3.5 3.8
RELATIVE -20 % 0.48 84.3 269.9 269.8 269.0 2679 | 266.0
VALUE -10 % 0.54 91.1 280.1 281.2 281.5 281.1 | 280.5
OF No change 0.60 97.5 287.4 289.7 291.0 291.7 1 2920
tc +10 % 0.66 103.5 291.9 295.2 297.4 2989 | 2999
+20 % 0.72 109.0 293.8 2979 301.0 303.2 | 304.9
+30 % 0.78 114.6 2932 298.1 302.0 304.8 | 307.1
tc = age at first capture : lc = size at capture




TABLE 7.10.

Estimates of Total Annual Stock (Y/U), Annual Standing Stock (Y/F), Yield-per-recruit (YW/R), Biomass-per-recruit (Bw/R),
Maximum sustainable Yield (MSY), mean population in number, yield in number and mean population

for P. sanguinolentus in the Karnataka waters.

Recruits in Numbers and
number per recruit, yield in number per recruit

Annual Total Average Yw/R | Bw/R| Recruits [ MSY Pn Pn/R Yn Yn/R Wy
Z | M| F E U laverage |Annual Standing (@ (® [('000 nos.) @) (millions) (millions) (2
yield (t) | Stock Crop
(Y/U) (Y/F)
Male 4.2 1.6] 2.6] 0.62] 0.61 401.0 658.0 154.0 21.8 84 18334.7] 403.0 10.029 0.547 26.076 1.422 15.38
Female | 3.9] 1.5] 2.4] 062 0.60 370.0 614.0 154.0 15.1 63] 2455701 3730 14.120 0.575 33.889 1.380 10.92
Total 771.01 1272.0 308.0 36.9] 14.7] 4289171 7760 24.149 1.122 59.965 2.802 12.86
TABLE 7.11.

Estimates of Total Annual Stock (Y/U), Annual Standing Stock (Y/F), Yield-per-recruit (YW/R), Biomass
Maximum sustainable Yield (MSY), mean population in number, yield in number and mean population

in P. pelagicus in the Karnataka waters.

-per-recruit (Bw/R), Recruits in Numbers and
number per recruit, yield in number per recruit

Annual | Total Average | Yw/R | Bw/R | Recruits MSY Pn Pn/R Yn Yn/R Wy
z M F E U |average |Annual Standing (€4] (2 (000 nos.) ® (million) (millions) (3]
yield (t) |Stock Crop
Y/ (Y/F)
Male 56] 171 39| 070 070 273.0 394.0 70.0 49.6 12.7 5507.1 275.0 2.827| 0.503 11.027{ 2.001 24.76
Female 48] 16| 32| o067 0.66 291.0 440.0 91.0 310 9.7 9374.1 292.0 5.070] 0.541 16.224 1.731 17.94
Total 564.0 834.0 161.0 80.6 224 14881.2 567.0 7.897] 1.054 27.251 3.732 20.70

Z = Instantaneous total mortality coefficient; M = natural mortality coefficient; F = fishing mortality coefficient; )
= exploitation rate; Pn = mean population number; Yn = yield in number; Pn/R= population number per recruit, Yn/R = yield in number per recruit

E = exploitation ratio; U



TABLE 7.12.
Z, F, E and YW/R estimated for males and females of P. sanguinlentus and P. pelagicus during 1983-93

along the Karnataka coast.

P. sanguinolentus P. pelagicus
Year MALES FEMALES MALES FEMALES
Z F E IYWRI| Z F E [YwWR]| Z F E |YWR| Z F E | YwR
1983 3.3] 1.7] 0.52] 2171 30| 15]050] 142] 42] 25]060f 496} 32| 21}057] 299
1984 250 09] 036| 187] 23] 08| 035 116| 40] 13]033f 443} 27] 1.1]1041] 254
1985 3.0l 1.4] 047] 21.1] 28] 13]046| 137] 38| 21} 055 488| 33] 17]052] 288
1986 28 12| 043] 204] 26| 11]042] 13.0] 35| 18] 051] 478] 32| 151047} 279
1987 5.1] 3.5] 0.69] 214f 47| 32| 068] 152 68| 51]/0.75] 485] 58| 42]0.72] 310
1988 67| 51| 0.76] 208 64| 47]1073] 153] 92| 75|082] 475| 7.8] 62]079] 304
1989 3.8 2.2] 058 220 351 20| 057f 148! 49| 3.2[065] 499]| 43| 2.7]063] 307
1990 350 19] 054 21.8] 33 18] 055 146 45| 28/ 062] 499 39| 231059 303
1991 40| 24| 060] 219 37| 22]059] 150| 52| 3.5|0.67] 498]| 45| 29)064] 309
1992 51] 35| 069 214! 47| 32]068] 152] 68} 51f0.75] 485 58} 42]072] 310
1993 36/ 20] 056] 219 35| 18| 051] 146 46| 29/0.63] 499 40| 2.4]0.60] 304
Average 3.9 23] 059 220 37| 21} 057 149] 52| 34| 065 499 4.5] 2.6| 058 30.7
for 83-93
Average 42| 26| 0.62] 219 39| 24| 062] 151f 55| 38| 0.68] 496| 48] 3.2(0.67] 310
for 91-93

* F estimated from the catchability coefficient (q =F/f) determined for 1992-94 data

E and YW/R given for the respective F values.
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. 1.1.  P. sanguinolentus males.

Estimation of Z by length converted catch curve of Pauly (1983) at Mangalore

(Mg), Malpe (Mp) and Karwar (K) during 1992-93 and

1993-94.



1992-93 1993-94
MANGALORE
02
o \ Z = 2.00¢1-02 Z=519+088
o
o
(o] o 0 OOOOO [ 3% OOOOO
o o 0©°
0
.
o O
\
p o]
T 9 . 13 85 a9 3 5 7 g i '3 15
MALIPE
co® 00o 0O
%o Z=3781063 o "o 2=372140
%0400 o
0 .
%o
o o
o
o )
o
7 9 13 s f 3 5 7 9 1t 13
KARWAR
2 = 3494045 Z= 2641137
06°0°0%0 o °
o
OO
o
o
oo 0 o
o ° o
o o
_ o
‘8 0 12 ra 16 4 -8 - o 12 14 e I8
tily +19 72

P. sanguinolentus females.

Estimation of Z by length converted catch curve of Pauly (1983) at Mangalore

(Mg), Malpe (Mp) and Karwar (K) during 1992-93 and 1993-94.
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Estimation of Z by length converted catch curve of Pauly
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. 7.4. P. pelagicus females.

Estimation of Z by length converted catch curve of Pauly (1983) at Mangalore
(Mg), Malpe (Mp) and Karwar (K) during 1992-93 and 1993-94.
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7.5. P sanguinolentus males.
Estimation of Z by cumulative catch curve based on length (CW) composition

data during 1992-93 and 1993-94 at Mangalore (Mg), Malpe (Mp) and Karwar
(K)-
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1.6. P sanguinolentus females.
Estimation of Z by cumulative catch curve based on length (CW) composition

data during 1992-93 and 1993-94 at Mangalore (Mg), Malpe (Mp) and Karwar
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GENERAL DISCUSSION

With an annual average production of 1,179 tonnes during 1983-93, crab landing
in Karnataka formed around 5.1 % of the all India crab landings. Although different
Etypes of gears are employed in crab fishery in the state, the bulk of the crab catch was
obtained by trawls operated by mechanised fishing vessels. The important species
" contributing to the fishery were P. sanguinolentus and P. pelagicus and these two species
k together formed around 93 % of the crab landing in the state. Although they are caught
in varying quantities from September to May, the bulk of the catch was landed during
:January-February which coincided with the peak breeding activity of these crabs along
this coast. Despite a steep rise in the trawl effort, there had been no proportional
increase in crab landings which remained between 1000-2000 tonnes during the last few

years.

Although advanced fishing countries of the world have adopted certain measures
for the proper management of crab fisheries, no conservatory measure is observed or
_prevalent at present in India. Due to this, immature, moulting and berried crabs are
fished indiscriminately. Consequently, often they are exploited at an age at which most
of them might not have spawned even once. Since most of the gears employed (shrimp
trawl, shore seine, minitrawl) are non-selective in nature, appreciable quantity of
immature and juveniles are caught inadvertently and are unutilised. Present study has
‘shown that juveniles (< 80 mm cw) of P. sanguinolentus formed around 58 % of the crab
catch in shrimp trawls and 82 % in indigenous gears, whereas, in P. pelagicus, juveniles
;constituted upto 25 % in trawls and 71 % in indigenous gears. This large scale distruction
é'of young crabs would obviously have adverse effect on the crab resources. This situation
irequired to be remedied by educating the fishermen through audio-visual media such

as, TV, radio, and news papers about the adverse effect of catching and destroying these
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young ones on the crab stocks, and also by creating an awareness among them about the
importance of releasing young crabs back to the sea or fattening them through short-term
culture for the sustenance of these valuable resources. In addition, it is also required to
enforce certain regulatory measures like fixing legal minimum size, protection of
ovigerous females and soft-shelled crabs as practiced in several advanced fishing

countries.

Despite their economic significance, the dynamics of the exploited population of
these crabs remain poorly understood as there is no information on the mortality and
stock assessment of brachyurans from India. In the present study, the status of the crab
fishery is assessed based on the data emanating from the trawl fishery (for the period

1992-94) which accounts for more than 90 % of the crab landing in the state.

Portunus sanguinolentus and P. pelagicus are marine species and support fishery
of considerable magnitude in all maritime states of India. It is caught from the inshore
and estuarine waters often in appreciable quantities. The breeding season is extending
from August to May in both the species with peak activity during December-February in
P. sanguinolentus and during January-February and September in P. pelagicus. The size
at sexual maturity in female is at 92 mm in the former species and 99.0 mm in the latter,
and in males, it is at 97 mm and 105 mm respectively. Sex ratio is nearly equal in both
these crabs. The fecundity ranged from 0.044 to 1.19 million in P.sanguinolentus and from
056 to 1.07 in P. pelagicus. The larval development takes place in the marine
environment. The young crabs migrate to the inshore waters and often to estuaries. They
grow relatively at a fast rate, and males and females attain a mean carapace width of
124.1 mm and 112.5 mm in P. sanguinolentus and 145.2 mm and 132.5 mm in P. pelagicus
at the end of one year. The life span is around 2.5 years for both these species. The high

fecundity, fast growth and multiple spawning help to maintain the resource.
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For Karnataka waters, the annual average stock was estimated at 2,106 tonnes (P.
- sanguinolentus = 1,272 tonnes + P. pelagicus = 834 tonnes), whereas, the MSY was
estimated at 1,343 tonnes (P. sanguinolentus 776 tonnes + P. pelagicus = 567 tonnes) by
~ the yield-per-recruit model of Beverton and Holt, which is very close to the annual
- average yield of 1,335 tonnes (P. sanguinolentus = 771 tonnes + P, pelagicus = 564

tonnes) obtained during 1991-93 period.

The optimum level of effort, {(MSY), for these crabs was estimated at 1,190 tpd

by yield-per-recruit model which is very close to the value obtained by the Fox model

(1,120 tpd).

The present study indicate that the prevailing fishing intensity for males was more
(F = 2.6 or E = 0.62 for P. sanguinolentus, and F = 3.9 or E = 0.70 for P. pelagicus),
whereas, it was low for females (F =2.4 or E = 0.62 for P. sanguinolentus and F =3.23
or E = 0.67 for P. pelagicus). However, since the current yield of males and females of
these two species are very close to MSY level, it will be advantageous if the effort is

maintained at the current level itself to obtain biologically optimum yields.

Since the cod-end mesh of trawl is small (28-35 mm mm), large quantities of
juveniles of these crabs are retained by the trawl net. This is detrimental to the crab
stocks and some management measures for the conservation of the resources are
~warranted. In the light of requirements for optimum fishing and also to increase the size
at capture (Ic) by 20 % (tc by around 30 %) to permit the young crabs to escape through

the meshes of the trawl net and thereby enhance the yield subsequently, an increase in
-cod-end mesh size to 40 mm from 33 mm (mean) would seem to be a practical and ideal
~one. In addition, there is an urgent need to restrict the effort at the present level (1,130
tpd or 243 x 10° bd) as a management strategy to prevent over exploitation of these

~valuable resources in the coastal waters of Karnataka. Eventhough, several methods of
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management, such as, closed season, restricting the area of fishing etc. are available, mesh
regulation along with certain amount of control of fishing intensity appears to be the
most appropriate and suitable for the conservation and management of the marine crab

resources of Karnataka.

Since crab meat is a delicacy in many parts of the world, it is exported alive,
frozen and canned to several foreign countries. During 1993-94 alone, crabs worth Rs.
196.3 million (2,034 tonnes) were exported from India. Due to the ever-increasing
demand for crabs for human consumption, there has been a recent upsurge of interest
in the culture of crabs to augment the resources in several countries. These crabs can
be bred in captivity as they can withstand wide environmental fluctuations (like salinity,
temperature etc.) and offer little problem for artifical propagation. With multiple
spawning, high fecundity and fast rate of growth, these portunids are suitable candidates

for culture for augmenting the resources.
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EXECUTIVE SUMMARY

The thesis presents a detailed account on the fishery, biology and population
dynamics of two species of portunid crabs, Portunus sanguinolentus and P.

pelagicus exploited along the Karnataka coast.

The study is based on the fishery and biological data collected at
Mangalore, Malpe and Karwar, the three major fish landing centres of

Karnataka state during 1992-93 through 1993-94.

For food and feeding studies, the foregut contents of the crabs were
analysed. Percentage of the total volume of the stomach contributed by each
food group was determined visually. Importance of food groups was evaluated

by ranking them by percentage frequency of occurrence and percentage points.

Altogether 579 crabs comprising 267 numbers of P.sanguinlentus and 312
numbers of P. pelagicus collected from the commercial catches at Mangalore
and Malpe were analysed for determining the carapace width/carapace length

- body weight relationship.

The gonadal development in female was studied by gross examination
of ovary and by studying the ova diameter frequency distribution. Six stages by
gross examination and nine stages by microscopical studies in the development
of ovary and 3 stages in the development of testis were recognised. The size
at maturity was determined by tabulating the mature crabs in relation to size
and finding out the percentages. The size at which 50 % of crabs found to be
mature was taken as the siz®at sexual maturity. Fecundity studies were made
on the basis of the extruded eggs on pleopods. After recording the carapace

width, body weight and eggmass weight, a sample of eggs was taken, weighed
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accurately and the number of eggs counted from which the fecundity was

computed.

The growth pattern was determined by graphical analysis of progression
of modes in the successive size frequency distributions. The von Bertalanffy’s
growth parameters were determined by the Gulland and Holt plot (1959), the
Ford-Walford plot (Ford, 1933, Walford, 1946) and by the computer based
ELEFAN method (Pauly and David, 1980).

For stock assessment, the data pertaining to trawl fishery which is the
major single gear in the exploitation of crabs, was used. The total mortality
coefficient (Z) was estimated sex-wise in respect of P. sanguinolentus and P.
pelagicus from the size frequency data by the Beverton and Holt method (1957),
the length converted catch curve method of Pauly (1983), the cumulative catch
curve of Ssentongo and Larkin method (1973) for 1992-93 and 1993-94 fishing
seasons separately. Similarly, the natural mortality coefficient (M) was
estimated by Sekharan’s method (1974), the Rikhter and Efanov method
(1976) and the Pauly’s method (1980). The yield per recruit as a function of
annual fishing intensity (F) for the present age at capture (tc) was estimated
as per the analytical model of Beverton and Holt (1957). The optimum level of
effort, {(MSY) and maximum sustainable yield (MSY) were also estimated
using “the surplus production models’ like the Schaefer model (1954) and the
Fox model (1970).

Annual crab production in India, catch trends, species of commercial value,
their seasons and the important regions/states contributing to the all India catch
are presented and discussed. The catch and effort data in respect of the fishery

at Mangalore, Malpe and Karwar, the three important fish landing centres in
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Karnataka are given monthwise and specieswise. The crab catch for the three
centres together amounted to 850 tonnes and 410 tonnes respectively during
1992-93 and 1993-94 fishing seasons. The fishery was constituted by Pormunus
sanguinolentus (49.3 %), P. pelagicus (43.6 %) and Charybdis (Charybdis) feriatus
(7.1 %). In addition, a brief description of the gears employed in the crab

fishery was given.

The crustaceans were the most favoured food item of P. sanguinolentus and P.
pelagicus  followed by fishes and molluscs. Sexwise, sizewise and seasonal
variability in diet was studied and discussed. The occurrence of detritus and
unidentified items in the stomach suggest that these crabs are detrivorous
consuming decaying plant debris and inorganic material and scavengers

consuming fresh and decaying flesh of all kinds.

The carapace width-body weight relationship and carapace length-body weight
relationship in juveniles, adult males and females of P. sanguinolentus and P.
pelagicus were studied and results presented. Study indicated that the increase
in body weight in juveniles and adult males was proportional to cube of width,
while in adult females, the increase in body weight was lower than the cube of
width in P. sanguinolentus. In P. pelagicus, however,the increase in body weight
of adult males and adult females was faster than the cube of width, whereas,

in juveniles, the increase in weight was lower than cube of width.

The 50 % level of maturity in female was at 92 mm cw in P. sanguinolentus and
99 mm cw in P. pelagicus. In males, the 50 % level of maturity was observed
at a mean carapace width of 97 mm in the former and 105 mm in the latter

species.

In P. sanguinolentus, the spawning season extended from August to May
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with peak activity during December-February. In P. pelagicus also, the
spawning season was found to be from August to May with peak activity during
January- February and September. These crabs might spawn three times in a
spawning season. The breeding population of females was mainly supported
by 100-130 mm size groups in P. sanguinolentus and 100-160 mm in P.
pelagicus. During the peak period of breeding, 35-60 % of the adult population
of the former and 25-70 % of the latter species were actively involved in
spawning. Study indicated that these crabs breed within the fishing ground

itself during non-monsoon months.

Sex ratio was nearly equal in both these species. In P. sanguinolentus
females were more pronounced in the lower sizes, while males dominated in

the larger size groups. In P. pelagicus, no such pattern was observed.

The fecundity was found to increase with the size of the crab. The
number of eggs carried by an ovigerous female ranged between 0.044 and 1.19
million in P. sanguinolentus and between 0.56 and 1.07 million in P. pelagicus.
The 120-130 mm size group in the former species and 130-140 mm size group
in the latter species were more productive and contributed to 22.9 % and 15.5

% respectively of the estimated egg production of the population.

In P. sanguinolenius, the mean monthly growth rates were 10.3 mm and 8.8
mm and on completion of one year, this species attains a size of 124.1 mm and
112.5 mm by males and females respectively. In P. pelagicus, the average
growth rates were 11.0 mm and 9.6 mm and attained a size of 145.2 mm and

132.5 mm by males and females respectvely at the end of one year.

The growth parameters, L,, K and t, were 195 mm, 0.99 yr! and

-0.0132 in males and 188 mm, 0.82 yr! and -0.0975 in females in P
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sanguinolentus. 1In P. pelagicus, these growth parameters were 211 mm, 1.14

yr' and -0.0194 in males and 204 mm, 0.97 yr'! and -0.0691 in females.

In P. sanguinolentus, the mean values of Z, M and F were 4.2 + 0.51, 1.6, and
2.6 for males and 3.9 + 0.42, 1.5 and 2.4 for females. In P pelgicus, the
average values of Z, M and F were 5.6 + 0.71, 1.7 and 3.9 in males and 4.8 +
0.69, 1.6 and 3.2 for females. Using these parameters as input, the exploitation
rate (U), the exploitation ratio (E),the total annual stock were estimated. Based
on these studies, the present status of the stocks was discussed. The standing
stocks were estimated at 308.0 tonnes for P. sanguinolentus (154.0 tonnes for
males and 154.0 tonnes for females) and 161.0 tonnes for P. pelagicus (70.0
tonnes and 91.0 tonnes for males and females respectively) for the state of
Karnataka. The annual average stocks were 1272.0 tonnes for P.
sanguinolentus (658.0 tonnes for males and 614.0 tonnes for females) and 834.0
tonnes for P. pelagicus (394.0 tonnes for males and 440.0 tonnes for females).
The maximum sustainable yield (MSY) estimated for P. sanguinolentus was
776.0 tonnes (403.0 tonnes for males and 373.0 tonnes for females) and for P.
pelagicus, was 567.0 tonnes (275.0 tonnes for males and 292.0 tonnes for
females) which is very close to the annual average yield of 771.0 tonnes and

564.0 tonnes respectively.

Based on the results obtained, some management measures for the
rational exploitation of the stocks of crabs are suggested and discussed. It is felt
imperative to increase the cod-end mesh size of trawl gear from 33 (mean) to
40 mm, and to restrict the level of effort at the present level (1,130 tpd or 243
x 10° bd) which would prevent over exploitation of the stocks of crabs in the

coastal fishery sector of Karnataka.
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