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PREFACE

The marine fishery resources of India have been remaining more or
less stagnant during the past few years.‘ The exploitation of the resources
is limited to the inshore waters upto 50 m depth. To change this condition
there are two alternatives, one is the exploration and exploitation of the
resources of the deeper waters and the other is to go for aquaculture/sea
farming. The main draw back of the deep sea fishing is that it is capital
intensive and risk prone. Hence it is felt that further increase in fish
production can happen through technically and economically viable aquaculture,
Culturing of shell fishes has gained much popularity and priority within
the country, however the culturing of fin fishes is restricted to freshwater

fishes mainly and to a limited extent brackish  water ones.

Though fin fish culture practices are well establishedin the inland
waters. scientific way of sea farming has not developed in our country
when compared with the remarkable progress achieved in the field, employing
open sea farming techniques like pen culture, cage culture ete., in other
parts of the world. Many species of fishes such as milkfish, mullets. perches

and eels are found to be suitable for culturing in saline lagoons and ponds.

Experimental net cage culture of FEpinephelus tauvina conducted by (CMTRI
at its Research Centre at Mandapam recently showed that the fish is

suitable for culture practice.

Perches are highly esteemed export quality fish having great demand
in foreign markets.  Though there are trade enquiries from abroad for

marketing different species of perches, the export of this item has not
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yet reached the desired levels due to the inadequate availability and
seasonal nature of catch. The exploratory fishing carried out by the various
agencies in the rocky grounds of south west, south east and Gulf of Mannar
regions revealed concentration pockets of this resource. As this resource
could achieve high prices in foreign markets all effort should be made
not only for the mere exploitation from the fishing grounds, but also
culturing candidate species. There is growing awareness among many nations
on the need to mass culture marine carnivorous fin fishes like groupers,
snappers, sea basses ete. Attempts were already made in this direction
in countries like Hong Kong,‘ Singapore, Thailand and Malaysia and achieved

appreciable results.

Epinephelids of the family serranidae constitute a very large and
important group of fishes of the tropical and subtropical regions and they
sustain one of the major demersal fisheries in India. Some species of
the genus Epinephelus are suitable candidates for mariculture especially
along identified habitats of the south east and south west coasts of India.
But unfortuna‘tely no specific attempt has been made towards a com-
prehensive study of this genus from Indian waters. Therefore in order
to fill the lacuna on the biology of these candidate species the present
investigation is carried out. One of the dominant species, E. diacanthus
is taken up for detailed biological investigations. The study on the biology
of E. chlorostigma and E. bleekeri were also incorporated in this study
for comparison and also for a comprehensive understanding of this group
of fishes as a whole. The complex sexuality involving protogynous herma -

phroditism in this group, makes it an interesting specimen for research -
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purpose. Though high priced and relished, capture fishery resources of this
group are restricted. So the alternative is to develop.. culture technology

for the fish.

The main objective of this study is to develop a background knowledge
about the biology, stock position and abundance of this group which would
help the aquaculturists in their venture to experiment with a fish which

is not less important than crustaceans.

The thesis is presented in two parts. Part I describes the biology of
E. diacanthus in detail in six chapters. Chapter 1 introduces the subject
with a review of the important works carried out by earlier workers in
this field. Chapter 2 describes the age and growth of the fish determined
from skeletal hard parts like otoliths, scales and vertebrae. Theoretical
growth and length-weight relationship are also included in this Chapter.
Chapter 3 describes the food and feeding habits of E. diacanthus, the relative
importance and percentage composition of each item is described in great
detail. Chapter 4 describes the reproductive biology of the three species at
length giving sbecial emphasis to protogynous hermaphroditism, age and size
at sex reversal etc. Racial investigations within the; species, carried out with
the help of morphometric characters among the samples collected from
Cochin and Calicut are described in Chapter 5. And Chapter 6 deals with the
‘external and internal parasites obtained during the entire course of study. In

Part II the fishery and stock positions of the three species is described.

This thesis is the result of field and laboratory studies for a period of
two years after completing statutory course studies for six months in

mariculture.
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CHAPTER 1



INTRODUCTION

The coastal marine fish production of the country is stagnating
around 1.4 million metric tonnes during the last few years, inspite of
increased fishing pressure, new technological innovations jn the harvesting
sector and mdustmahzatlon. In  this circumstance, to increase fisn
production, it is imperative to culture food fishes ahd shell fishes in
brackishwater and enclosed marine habitats. With this view in recent
yearsculture of fin fishes and shell fishes in coastal waters has been given
priority in the context of augmenting fish production, creating employment
opportunities and the improvement of rural economy. Among the cultivable
marine fishes, the rock cods (Kalava) are promising candidates for mari-
culture. Culturing of carnivorous fishes such as groupers, snappers and
seabass has gained considerable importance and popularity in Hongkong,
Singapore, Thailand and Malaysia. With the stagnating or diminishing
landing of marine fishes in India, the urgency of culturing fin fishes of

commercial importance hardly needs further emphasis.

The genus Epinephelus belongs to the family serranidae. This
multispecies genera s & demersal denizen of tropical and subtropical
areas ranging from shallow coastal waters to moderate depths, rarely occurr-
ing beyond 200 m, However a few Species are abundant ang commercially
important in temperate waters. Some serranids show preference for sea
grass beds and mud or Sandy bottom, while many other genera prefer

coral and rocky grounds. Juveniles of a few species are common in the



lower reaches of estuaries. Except for breeding aggregations, most species
are solitary. All are predators on fishes and invertebrates, sometimes
including crabs and spiny lobsters. Most are either synchronous or trans-
forming hermaphrodites that begin life as females and later become males;
a few have separate sexes. Groupers are caught in traps, on hooks and
line, or on longlines, and those inhabiting soft bottom are caught in bottom
trawls. They are excellent food fishes sought in commercial fisheries

for domestic consumption and export markets.

Smith (1961)has found that the genera Epinephelus has representatives
in the Indo-Pacific fauna. E. bleekeri occurs in tropical waters of the
Indo-West Pacific from the west coast of India and Srilanka, east ward
to China and Philippines. E. chlorostigma has wide spread distribution
in the western Indian ocean including Red sea and the Gulf. It is also
found in the Eastern Indian Ocean and the Western Central, Pacific eastward
to Japan, new Carolina and Carolina Islands. It occurs over a wide range
of depths (4to 280 m) and habitats generally associated with coral reefs.
E. diacanthus oceurs in the Gulf of Oman and coasts of Pakistan, India
and Srilanka. It occurs in depths of 2 to50 m. The young of the year

have a wider distribution than do adults ( Smith, 1961).

Exploratory fishing carried out by various agencies have located
several rich demersal fishing grounds. Of the demersal fishes that have
figured on the exploratory fishing grounds, the most significant ones that
foretell large developmental potential are the perches. They are abundant

in rock bound coral areas in the south west, south east and Gulf of Mannar



region.  Hornell (1916) has reported the existence of good line fishing
grounds off the Travancore coast. John (1948) has mentioned that the
seas of Anjengo and Chavara, within the depth belt 60-70 fathoms, provide
good fishing grounds for line fishing. These grounds are rich in snappers,
rock hind, red perch, sharks and rays. These grounds are unsuitable for
trawling since the bottom is with rocky outerops. There is a seasonal
fishery on the south west coast of India, fromDecember to March
especially from Colachal to Alleppey with handlines from indigenous canoes
and catamarans for perches. The existence of 'Kalava' grounds in rocky
areas off Varkala, Trivandrum, Poovar and Pulluvila has been known for
decades to the fishermen of these coastal areas. Chacko and Sheriff
(1949) discussed the experimental fishing with handlines on the Dory fishing
principles in the Wadge Bank. In the fishing investigation by Gopinath
(1954) off Travancore coasts, the largest individual landing was of E.
chlorostigma. The experimental handline fishing conducted by Indo-
Norwegian Project provided considerable information on the species compo-
sition of 'Kalava' oceurring in the southwest coast. Menon: and Joseph
(1969) have carried out a survey on  the perch fishing grounds off
Travancore coast and reported that 'Kalava' is found in schools only on
uneven  sea bottom particularly where there are rocks or coral formations.
Silas (1969) has given information about the numerical abundance of the
Kalava in different grounds and also about the species composition, and
behaviour.  Tholasilingam et al.,, (1973) has reported the occurrence of
perches in the grounds south of Alleppey including Cane Comorin by

exploratory trawl fishing. Fishery Survey of India undertook an exhaustive



survey of the demersal resources of the Wadge Bank during 1981-83

deploying the vessal Matsya Nireekshani. The periodic report on the

survey and the fishing charts give detailed information on the structure,
composition and seasonal abundance of the fish stocks. Joseph (1986)
has described the existence of perches from the Indian Exclusive Economic
zone. Joseph et al.,, (1987) have found that, the density of the perch
population in Wadge Bank as 3.37 tonnes per sq.km. Kasim et al., (1987)
have described the present status of perch fishery resources in India and
its prospects. Sulochanan and John (1988) have described that the concen-
tration of perches in the areas below Lat. 8°N yielding catch
per hour of 62 to Y96 Kg during October-December and to 60 to 78 Kg
during March-May in the 40-50 m depth zone. Premalatha (198Y) has
given an account on the trap fishing for rock cods of south west coast
of India and recently Grace Mathew (1990) has detailed the hooks and
line fishery for 'Kalava at Cochin. Depth wise catch rates obtained in

demersal trawling by FSI vessel Matsya Nireekshani in Mareh 1993 for

perch were 26.00 and 37.40 Kg/hr in the depths 0-50 m and 50-100 m

respectively along the south west coast, Wadge Bank and Gulf of Mannar.

In order to obtain optimal and economic production, it is necessary
to have a complete knowledge of the biology, behaviour, stock positions,
seasonal and spatial distribution and abundance of this group which are
at present either scanty or incomplete. All the available informations

on the biology of Epinephelid fishes are mostly on foreign species.

Some of the earlier works on the systematics of Epinephclus were

by Smith (1961) and Rivas on the species from Western Atlantic. Smith.
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(1971) revised the American groupers - Epinephelus and allied genera
and Randall and Ben-Tuvia (1983) gave the systematics on the groupers

(Epinepheline) of the red sea.

Bardach and Menzel (1957) have studied the growth of common
grouper species in Bermuda. Indications of growth were also obtained
by Randall (1962, 1963) in the Virgin Islands and by Beaumariage (1969)
in Florida, during the course of tagging experiments. Moe (1969) determined
the age of E. morio from the eastern Gulf of Mexico and found that
the annulus formation coincides with the end of the spawning season and
warming of summer water temperatures. Burnett-Herkes (1975) used
the length-frequency distributions to estimate the age and growth of
E. guttatus from the tropical western Atlantic. Length-frequency study
conducted by Menon et al.,, (1977) haveshown that the size of E. chloro-
stigma was found to vary from 34 em to 65 em. But fishes of the size
ranging from 45 em to 60 cm were more predominant in the catches
through out the period. The size of E. diacanthus ranged from 30 to
95 cm in which 40 cm to 50 cm size groups were more common. Chen
et al., (1980) reported the connection between reproductive cycle and
ring formation in E. diacanthus in the waters of Northern Taiwan. Calliart
and Moriz (1989) demonstrated that a validation of the periodicity of
the incremental pattern is absolutely necessary prior to aging adult fish
using otolith microstructure of E. microdon (Bleeker) with a fluorescent
marker, oxytetracycline. Sadovy et al., (1992) studied the age and growth
of red hind, E. guttatus in Puerto Rico and St. Thomas. Luckhurst (1992)

commented on the age of an unusually large red hind, E. guttatus from

Bermuda.



Hussain and Abdullah (1977) described the length-weight relationship
of six commercial fishes including one Epinephelid in Kuwaiti waters.
The relationships between total length and standard length, maximum
body depth and weight were established for the most abundant species
of caribbeangroupers by Thompsun and Munro (1983). Baddar (1982) has

studied the length-weight relationship of hamoor, E. tauvina.

The groupers are unspecialised carnivores feeding mainly on fishes
and crustaceans. They feed both by day and night, but according to
Randall (1967) they are more active at dawn and at dusk. Generally
the food is engulfed whole (Bardach et al., 1958). Beebe and Tee Van
(1928) commented on the food of E. striatus. Randall (1960) detailed
the food habits and habitats of Epinepheline and Lutjanid fishes of Society
Islands . Menzel (1960) described the food of E. guttatus from Bermuda,
and Randall (1965) studied the food habits of E. striatus from Virgin Islands
and Puerto Rico waters. Randall (1967) mentioned the food of five species
of Epinephelus from West Indies. Moe (1969) commented on the food
and feeding habits of E. morio from the Gulf of Mexico and Burnett-
Herkes (1975) on the food and feeding Iubits of E. guttatus from the tropical
Western Atlantic. Thompsun and Munro (1978, 1983) described the food
habits of hinds and groupers from the Caribbean reefs. Very little infor-
mation is available from the Indian waters on the food and feeding nhabits
of groupers. Attempts were made by Job (1940) on the nutrition of perches
of Madras coast and Prabhu (1954) on the food habits of perches caugnt

in traps of Gulf of Mannar and Palkbay. Silas (1969) mentioned about



the food of Kalava in the exploratory fishing by Varuna. Premalatha
(1989) commented on the food of rock cods from the south west coast

of India.

Protogynous hermaphrodotism is known to occur in several species
of groupers (Lavenda, 1949; Smith, 1959, 1961; Moe, 1969; Clark, 1958;
Atz, 1964; Mc Erlean and Smith, 1965; Bruslé and Bruslé, 1975; Bouain
and Siau, 1980; Shapiro, 1987 and Webb and Kingsford, 1992). The histo-
logical changes in the gonad during the process of sex change has been
studied in detail for a number of groupers (Bruslé‘ and Brusvle’: , 1975;
Moe, 1969). A perusal of the literature reveals that the relationship
between the sex change and age composition is still not yet well understood
due to the difficulties in determining age. A broad overlap of the length
distribution of the sexes is encountered in most species suggesting that
there is no close correlation of age or size with sexual transition. Moe
(1969) found that in E. morio all fish do not transform into males and
that the size of most of the transforming fish ranges from 480 to 650 mm
SL. He further reported that the sex transformation in fish is more
closely related with oogenetic and spawning activity than with age or
growth of the individual. Evidence of the protogynous condition in different
species of Epinephelus has been described by Smith (1959). No males
were found in smaller size groups even when gonads were examined histo-
logically and in the case of mature fish, the proportion of males increased
with increasing size. Burslé and Bursié (1975) found in E. aeneus and

E. gauza that, all young fishes were females and males occur among



the largest individuals after a sex reversal. Chen et al., (1980) have des-
cribed that sex changes occurred during the 'non-reproductive' period

+ + +
from age 2 to 6+ but mainly between ages 2 and 3 .

Little information is available on the actual mating process in
groupers. Ukawa et al., (1966) described the spawning behaviour of E.
akaara (Temminck and Schlegel) as the interactionlbetween a single male
and female. There is no coupling during spawning of groupers and fertili-
zation is external. Under natural conditions, in the caribbean, at Bermuda
and Bahamas, groupers apparently aggregate during the spawning season
(Thomsun and Munro, 1983). Spawning aggregations of E. guttatus and
E. striatus have been described by Colin et al, (1987). Colin (1992)
also described the spawning aggregations of Nassu grouper, E. guttatus
at the South Long Island. Shapiro et al., (1993) described the size, compo-
sition and spatial structure of annual spawning aggregations of the red
hind E. guttatus. Erdman (1956) reported that E. guttatus spawn in January.
Bardach et al., (1958) have notéd that the spawning season of most species
in Bermuda extends from late April to late August. Moe (1969) has reported
that E. morio spawned in Gulf of Mexico from March to July with peak
spawning activity in April and May. Randall and Brock (1960) found that
peak spawning activity of certain Indo -Pacific species occurred a few
days before full moon. Ukawa et al., (1966) have noted that E. akaara
always spawned between 1530 and 1630 hr ‘in culture ponds. E. diacanthus

has spawned during April and May in Taiwan (Chen et al., 1980). Bouain

and Siau (1983) found that E. aenus, E. guaza and E. alexandrinus have



the same ripening scheme in the south east Tunisian waters. Vadiya
(1984) reported that the spawning season of E. aenus is from June to
September and that of E. alexandrinus from May to August. Spawning
period of E. tauvina in Kuwaiti waters is from April to May and is associ-
ated with increasing water temperature and relatively low salinity as
reported by Abu-Hakima (1987). In E. guttatus December and January

are the spawning seasons at the South Long Island (Colin, 1992).

Chen et al.{1980)found the fecundity of E. diacanthus to range from

63 x 103

to 233 x 103. Vadiya (1984) has reported that the relative
fecundity increases with length and weight in E. aenus, while it decreases
with increasing size in E. alexandrinus. According to Abu-Hakima (1987)

the fecundity estimate for E. tauvina of length 35.1-62.3 cm, ranged

from 8502 to 2904921.

The eggs of E. morio were described by Moe (1969) as being
less than 1 mm in diameter, containing an oil droplet and with no filaments
or other appendages. Ukawa et al., (1966) described the eggs of E. akaara
as pelagic, spherical in shape and measuring 0.70 to 0.77 mm in diameter.
Thompsun and Munro (1983) found that egg diameters of E. guttatus vary
between 0.70 mm and 0.90 mm. Colin et al., (1987) have reported the

egg diameter of E. guttatus and E. striatus as 0.97 and 0.96 mm res-

pectively.

Ukawa et al.,(1966) described the early life history of E. akaara
in the western Pacific. Presely- (1970) described 16 larval specimens

of E. niveatus which were collected in the Florida straits. Moe (1969)
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found that juvenile red groupers occur in less abundance over rocky bottom
in the Gulf of Mexico, upto a depth of 20 fathoms. The vital population
parameters of Epinephelus are not estimated from Indian waters. However
few scattered literature on the subject are available from abroad. Blanco
et al., (1980) have assessed the resource potential of E. morio from the
Campeche's Bank area applying yield-per-recruit model. Matheson and

Huntsman (1984) studied the growth, mortality and yield-per-recruit models

for speckled hind, E. drummondhayi and snowy grouper, E. niveatus from
the United States South Atlantic Bight. Moore and Labsiky (1984) héve
studied the population parameters of E. niveatus in the lower Florida keys.
The status of the red hind fishery in Puerto Rico and St. Thomas was
described by Sadovy and Figuerola (1992). Sadovy (1993) has studied the
spawning stock biomass per recruit of E. guttatus from Puerto Rico. Sadovy

(1993) has also reported the grouper stocks of the western central Atlantic.

Very few references were available regarding the parasites of
Epinephelus. Some of the earlier works were by Linton (1908) and Reese

(1969, 1970). Linton (1908) reported Distomum levenseni, a digenetic

trematode and cestode, Rhynchobothrium sp. from E. striatus, an acantho-

cephalan worm, Echinorhynchus (=CGorgorhynchus) medius and a cestode,

Scolex polymorphus from E. maculosus.  Kirtisinghe (1934) described a

copepod, Lernaeenicus ramosus from E. morrhua caught in Ceylon waters.

Nahas and Cable (1964)found a single trematode,Postprous epinepheli in the in

testis of E. guttatus in Curacao. Krishna Pillai and Sebastian(1967) reported
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an anthostomid copepod, Sagum epinepheli from the gills of Epinephelus

sp. off Calicut. Yamaguti and Yamasu (1960) also described the same
parasite from the gills of E. akaara from Japan. Reese (1969) and Burnett-

Herkes (1975) found pleurocoid larvae of Callitetrarhynchus gracilis(Rudolphi)

from E. guttatus. Hochberg and Ellis (1972) reported E. guttatus to be

infested with the cymathoid isopod, Anilocra laticauda at St. John, Virgin

Island. Burnett-Herkes (1975) observed the same isopod parasite on the
gill arch, cheek, and inter orbital area of E. guttatus. Thompsun and
Munro (1974) reported the presence of larval tape worms in a variety
of groupers. Linton (1908) and Thompsun and Munro (1974) reported the
infection of red hind gonads with nematodes. Burnett-Herkes (1975) obser-

ved Philometra sp. from L. guttatus in Bermuda.

Groupers are suitable for culture in net cages as well as in ponds
receiving a tidal flow of seawater. Successful culture practices have
been undertaken by different south east asian countries like, Philippines,
Taiwan and Malaysia. Teng and Chua (1979) used artificial hides like
used car tyres to increase the stocking density and production of estuary
grouper E. salmoides reared in floating net cages in Malaysia. Hussain
and Higuchi (1980) could rear.the larvae of E. tauvina obtained by the
natural spawning of the fish in captivity. The larvae were reared 10
metamorphosis using rotifers, artemia nauplii, copepods and ninced shrimp
meat as food. Chua and Teng (1980) described the economic production
of estuary grouper, E. salmoides, reared in floating net cages. Under
such efficient management procedures there is every possibility of develop-

ing grouper culture on a commercial scale in India also. An experimental
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culture of E. tauvina in a netcage, conducted at Mandapam realised a

net income of Rs. 2,193/~ in 11 months period .

For technologically and economically viable culture practice, selection
of the candidate speciesis equally or more important than any of the
environmental factors and culture system management. In order to achieve
the maximum production from a well managed culture system it is highly
imperative to nave deep knowledge on the biology, behaviour and physio-
logical requirements of the species cultured. The present work attempts
to bring out all the important biological aspects such as age and growth,
food and feeding, reproductive biology, racial studies parasites stock and
fishery of the three commonly occurring Epihephelinae such as Epinephelus

diacanthus, E. chlorostigma and E. bleekeri from south west coast of

India.



CHAPTER 2



AGE AND GROWTH

2.1. INTRODUCTION

Age and growth studies are important for population dynamics
research, fishery forecasts, fish culture in natural habitats, aceclimatization,
racial studies and rational commercial exploitation. In order to provide
biological information relevant to mariculture, detailed knowledge on the
growth of the candidate species, their seasons of maximum growth, age
at marketable size, age at maturation and spawning and fecundity in relation
with age is highly essential. The age and growth studies of fishes was
first proposed by Peterson in 1895 who evolved a method for determining

The age of fish from length-frequency curves.

Both direct and indirect methods are used to determine the age
of fish. In the direct method, the fish is reared in aquaria or other enclosed o
semienclosed habitats or they are tagged and released back into the sea,
after noting down the length at the time of release and again after
recapture. The indirect method is accomplished in two ways which are
used as counterchecks to each other. These are (a) Peterson's or the
size frequency distribution method and (b) growth checks in skeletal hard
parts like, otolith, scale, operculum and vertebra from which the lengths
at ages are back-calculated. - The growth is estimated theoretically by
using von-Bertalanffy growth equation. The direct method of rearing fish
in enclosures for age determination is usually difficult for marine fishes,

due to several reasons like (1) non availability of the seeds or young ones, .
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(2) transportation hazards (3) lack of an elaborate infrastructure facility
for continuous sea water supply and maintainance in aquarium tanks ete.

Therefore the more frequently used indirect methods are used in the present

study.

The use of skeletal hard parts has become an accepted procedure
for the determination of the age of many fishes. Chugunov (1926, 1963)
and Van Oosten (1929) have reviewed the literature on age determination
of fishes by scales and other skeletal structures and have dealt with the
assumptions and the validity of different methods. Menon (1950) reviewed
the literature concerning the determination of age and growth of fishes
by using various bones, other than otoliths and scales. The works of other

authors are also of great importance on this subject.

Hiyama and Ichikawa (1952) injected fishes with lead acetate to
mark the time in the scale and other hard tissues of fishes to see their
growth. They combined this method with the tagging experiment to see
the natural growth. Marzolf (1955) used pectoral spines and vertebrae
for determining age and rate of growth of channel cat fish. Calstrom
(1963) made a study on a microscopic and X-ray crystallographic analysis
of otoliths from a representative collection of vertebrates. McEarlean

(1963) used otoliths to determine age of Mycteroperca mircolepis. Bilton

and Jenkinson (1967) used the otolith and secale methods for aging sock

eye (Onchorhynehus nerka) and (0. keta) Salmon.




Moe (1969) used otoliths for aging the red grouper, Epinephelus
morio.  Hile (1970) reviewed the pody scale relation and ealeulation of
growth in fishes. Pannella (1971) has described about the daily growth
layers and periodic patterns in fish otoliths. The seasonal pattern of otolith

growth and its application to back-caleulation studies in Ammodytes tobianus

L. has been described by Reay (1972). In this fish, he found that during
the period of opaque zone depositions, body growth is at a maximum and
this is followed by a period of slower growth coinciding with hyaline zone
formation in the otolith. As a i'esult, the ratio of otolith length to fish
length shows sharp decrease in spring, followed by an increase during sumimer
to a more stable level. Thompsun and Munro (1974) nnnlysed modnl progress -

ions of length-frequency distributions of Epinephelus  guttatus, E. fulves

and E. cruentatus from Jamaica. Burnett-Herkes (1975) studied age and

growth based on length-frequency distributions and also based on otoliths.

Brothers et al., (1976) studied daily growth increments in otoliths
from larval and adult fishes of anchovies, California grunion, gobies, striped

bass, hakes, ete. Mercer (1978) aged Centropristis striatus using otoliths.

Johnson (1979) proved that stained vertebrae are best for aging teleost
fishes. Berger and Williams (1980) nav:» summarized age and growth of

spot, Leiostomus xanthurus Lacepede; uixs sand seatrout Cynoscion nothus

(Holbrook) based on a literature review.

Nekrasov (1979) discussed the factors affecting annulus formation
on the recording structures in the tropical fishes. It has shown that annulus

formation occurs once a year in tropical fishes, especially Trachurus indicus -
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and Nemipterus virgatus and is connected with spawning. For fishes

in temperate and high latitudes, the ring formation is connected with the
changing seasons, and it is clear that the annulus forms once a year; whereas
the causes of annulus formation remain unclarified for tropical species,
living under conditions in which there are no marked fluctuations in water
temperature, in the hours of daylight, the food resources ete., although
such clarification is very important for determination of their age. Age

and growth of the grouper, Epinephelus diacanthus, in waters of northern

Taiwan using scales has been described by Chen et al., (1980), Nielson

and Gean (1981) aged juveniles of Salmon, Onchorhynchus tschawytscha

using otolith mircostructures. Beamish and Fournier (1981) used an index
of average percent error to compare the precision of a set of age determi-
nations. Wilson and Larkin (1982) studied the relationship between thickness
of daily growth increments in sagittae and change in body weight of sock

eye salmon (Onchorhynchus nerka) fry. Campana and Neilson (1982)

studied the daily growth increments in otoliths of starry flounder, Platichthys
stellatus and the influence of some environmental variables in their produ-
ction by injecting tetracyecline. Gjfsacter et al., (1984) reviewed the
information on primary growth rings in otoliths, and the methods used
to prepare them for counting and their use in aging fish. Johnson and
Saloman (1984) estimated age, growth and mortality of gray trigger fish,

Balistes capriscus from the north eastern Gulf of Mexico.

Johnson (1984) compared the dorsal spine and vertebrae as aging

structures for little tunney, Euthynnus alletteratus from the north east

Gulf of Mexico. Ralston (1985) introduced a novel approach to aging tropical



17

fish. In his method, the otolith is subdivided into regions which are small
enough so that the growth of the otolith can be considered constant within
a subregion. He found that, growth rate of the otolith declines as the
size of the otolith increases. Caillart (1989) used a fluorescent marker,
oxytetracycline to study the frequency of increment formation on the

otoliths of a tropical serranidae, Epinephelus microdon.

Francis (1990) reviewed literature concerning the calculation of
fish lengths at successive ages from marks on scales, otoliths etc. Barger
(1990) used the skeletal hard parts like vertebrae, scales and otoliths

to determine the age and growth of Blue fish Pomatomus saltatrix from

the Northern Gulf of Mexico and U.S. South Atlantic Coast. Campana
(1990) discussed in detail about the reliability of growth back-calculations
based on otoliths. Martin and Cook (1990) used a combined age-length
analysis which fits a statistical model to both the age and length data.
Panfili and Ximenes (1992) discussed about the possibilities of bias by
measuring the ground or sectioned otoliths. Sadovy et al., (1992) used

sectioned otoliths to age the red hind, Epinephelus guttatus. [Luckhurst

(1992) commented on the age of an unusually large red hind, Epinephelus
guttatus from DBermuda using sectioned otolith. Ricker (1992) described
about the back-calculation of fish lengths based on proportionality between

scale and length increments.

Since there is definite periodicity in the seasons of the temperate
region, the growth rings or checks are more or less clear and easy to
interpret.  Similar growth checks have been noticed in the hard skeletal

parts of tropical dnd subtropical fishes also and among the references
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on the subject are the works of Seshappa and Bhimachar (1954), Jhingran

(1957), Kasim (1973) etc.

‘The primary purpose of this study was to evaluate and use the
best of several bony structures. to estimate the age and to determine

growth of Epinephelus diacanthus, E. chlorostigma and E. bleekeri from

the south west coast of Indis.

2.2 MATERIALS AND METHODS

The samples included E. diacanthus, E. chlorostigma and E. bleekeri.

Small fishes of L. diacanthus were obtained from trawl catches and larger

ones from hookand line catches off Cochin. The samples of E. chlorostigma

and E. bleekeri were constituted only by larger ones from hook and line
catches off Cochin. All the fish were weighed and measured, weights
were taken to the nearest gram. Standard length was measured in milli-
meter f{rom the tip of the lower jaw to the base of the caudal rays.
Otoliths, scaies and vertebrae were removed from the fresh fish for sge

analysis.

1. Otoliths: ( Pi. IV =VI])

The labyrinth containing the sagittae is located in the otic capsules at
the base of the cranium. A thin envelope of connective secretoryand
sensory lLissue, the sacculus, contains thc sagitta and is usually removed
from the lubyrinth with the otolith. The saceulus produces the sagitta

in a shape characteristiesof the species.
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Otoliths were removed by cutting through the otic capsules at the
base of the cranium with the help of a bone cutter. Of the three puirs
of otoliths, only sagittae, the largest, were used for aging the fish. Otoliths
were washed, dried and stored in envelops. Otoliths were kept in glycerire
for a week for clear.ing before counting the number of opaque rings. Otoliths
of groupers are translucent and display readily discerneable growth checks
under reflected light and hence sectioning, grinding and mounting were

not necessary.

The sagitta is thin, elliptical and concave and is a mirror image
of its mate. Little variation in form or size was noted between mem-
bers of a pair. The convex surface of each sagitta is oriented in situ
toward the central axis of the fish and bears a decp groove the Sulcus
acousticus. This groove appears as an opaque scar and a marginal noteh
on the concave side. The focus at the centre of the sagitta is a tiny
translucent area surrounded by a dense white ring. This central translucent
area has a tendency to become opaque as the otolith thickens with age.
Narrow opaque zones and broad translucent zones radiate outward froin
the central core area. The region in whichouter margin of translucent

zone and inner margin of opaque zone is taken as annuli. (Plate  [a).

Otoliths were immersed in glycerine and measurements were taken
using an ocular micrometer. Measurements were made on the left sagitta
using an ocular micrometer at a magnification of 20X. At this magnifi-
cation one ocular micrometer equals 0.0425 m'm. If the left otolith was

broken, measurements were made on the right otolith. Measurements
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were taken from the focus, the center of the central opaque zone, to
the outside margin of the dorsal edge projection. 'This constituted the
otolith radius (OR). Measurements were made to each annulus along
this line for back calculation of lengths. The distance from the last annulus
to the ventral margin (marginal increment) was measured to determine
the time of tne annulus formation. Each otolith was examined thrice
at different times and an accurate count was taken for the analysis of
growth characteristics. The Lee method (Carlander, 1981) of back calculating

body length from prior annuli was used.

L = at+ [(Lc—a) (Oi/OR)]
Where, Li = Length at the time of annulus formation
a = Intercept
L, =  Length at the time of capture (SL)
Oi = Otolith radius at the time of ith annulus formation
OR = Otolith radius at the time of capture

This method requires knowledge of the relationship between OR along the
line of measurement and SL. The constant,a. is obtained from this relation.

ship and used in Lee's formula.

In order to study the consistency of the number of rings on the
left and right sagittae, a few materials were examined and found that

the number of rings perfectly coincided in both the sagittae of a fish.
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Four hundred and forty five pairs of otoliths of E. diacanthus,
59 pairs of otoliths of E. chlorostigma and 38 pairs of otoliths of E.

bleekeri were studied during this two year period.

2. Secales: (Pl. Vi)

Scales were removed from the left side of the body, near the
pectoral fin region, bounded by the 6-9th dorsal spines and the 15-20th
scale lines below lateral line. Scales were stained with Alizarin Red-
S and mounted on slides with glycerine. The annual rings were distinguished
from regular bony ridges (circuli) in two ways as recommended by Chen
et al, (1980) (1) the annual ring has a discontinuns ridge (cutting over)
in the scalds lateral field and also shows compact ridges in the scale's
anterior field (2) when stained with Alizarin Red-S, the annual ring becomes
a red line which shows bright red colour when observed under a transmitted
light. The annual rings are considered to be at the outer border of this
red line. A false ring may be present when two red lines lie very close
to each other. False rings were usually discontinuous and are recorded

infrequently. Such scales were not included in the study.

The scale radius (SR) was measured from the centre of the scale's
focus to itsouter margin using an ocular micrometer at a magnification
of 4 . X. (Plate 1IIb). At this magnification, one ocular minometer unit
equals 0.0446 mm. Measurements were also made to each annulus for

black-calculation of lengths at age following Lee's method.
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3. Vertebrae (Pl. i1x-X|)

A portion of the vertebral column immediately following the cranium
ii was removed from fresh fish with the help of a bone cutter, taking care
to include the 5th vertebra for the study. This portion of the vertebral
~column is immersed in boiling water for a few seconds, so as to remove
adhering musculature. The 5th vertebra. is separated from the vertebral
column and it is kept in ether to remove the adhering fat. The fifth
vertebra of each specimen was examined under reflected light which makes
the narrow transparent zones appear black and the broad opaque zones
appear white. True annual rings were distinct, complete and often accom-
panied by a change in elevation of the surface of the centrum. The
vertebra was cleaved lengthwise in the dorsoventral direction. Vertebral
radius (VR) was measured as the distance from the centrum to the outer
margin of the vertebra and measurements were made to each annulus
along this line for the back calculation of lengths, using an ocular micro-
meter at a magnification of 20X.(Plate Il ¢ ). At this magnification,

.oneomp equals U.0425 mm,

2.3. RESULTS

Van Oosten (1929) established the following criteria that must
be met before check marks on scales or bones can be considered annulii-
(1) scales or bones must remain constant in number and identity throughout
the life of the fish (2) growth of the scale or bone must be proportional
to the overall growth of the fish. (3) growth check marks must be formed

at approximately the.same time each year and (4) back-calculated lengths
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should agree with empirical lengths of younger age groups.

1. The relationship between the standard length and radius of skeletal
hard parts.

Regression of standard length on otolith radius, scale radius and

vertebra radius revealed linear relationship for E. diacanthus, E. chlorostigma

and E. bleekeri.

E. diacanthus

The regression equation of standard length on otolith rudius for E.

diacanthus, is SL = 48.71 + 67.5856 OR (r = 0.9971) based on a sample

size of 431 fish ranging from 53 to 430 mm standard length (Figure 1a).

The regression equation of standard length on scale radius for
E. diacanthus is SL = 41.0862 + 91.7026 SR (r = 0.9966) based on a sample

size of 353 fish ranging from 65 to 431 mm standard length (Figure 1b).

The regression equation of standard length on vertebra radius is
SL = -63.5091 + 71.6502 VR (r = 0.9789) based on a sample size of 436

fish ranging from 63 to 476 mm standard length (Figure 1c).

E chlorostigma

Regression analysis of standard length on otolith radius of E.
chlorostigma involved 67 specimens ranging from 154 to 457 mm  Standard

-Length and yielded the following relationship (Figure 2 a).
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SL = 18.9831 + 109.1383 'OR (r = 0.9971)

Regression equation of standard length on scale radius for E.
chlorostigma is SL = 163.48 + 70.0064 SR (r = 0.9932) based on a sample

size of 58 fish ranging from 154 t0457 mm standard length (Figure 2b).

Regression equation of standard length on vertebra radius is SL
= 10.3519 + 60.6742 VR (r = 0.9972) based on a sample size of 59 fish

ranging from 154to 45Tmm standard length (Figure 2c).

E. bleekeri:

Regression equation of standard length on otolith radius is SL =
160.6467 + 57.7469 OR (r = 0.9945) based on a samnple size of 33 fish

ranging from 215 to 48mm standard length (Figure 3a).

Regression equation of standard length on scale radius is SL = 10.0520
+ 75.4413 SR (r =0.9967) based on a sample size of 35 fish ranging from

215 to 48mm standard length (Figure 3b).

Regression equation of standard length on vertebra radius is SL =
43.6381 + 56.2763 VR (r = 0.9992) based on a sample size of 37 fish

ranging from 215 to 48 mm standard length (Figure 3c).

Regression analyses on skeltal hard parts revealed that their growth
is proportional to the growth of the fish, fulfilling Van Oosten's Second

criterian.
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2. Marginal increment analysis

Monthly mean marginal increment analysis (from otoliths) of E.

. diacanthus plotted separately for age groups 1 through V (Figure 4).

If one growth mark is formed at a particular time each year, the mean
éjrmarginal increment should drop to near zero at the time of annulus forma-
tion. In E. diacanthus this occurs from March through July, coinciding
,} with the onset of reproductive activity, thus fulfilling Van Oosten's third

criterion.

Monthly marginal increment analysis could not be plotted for E.

chiorostigma and E. bleekeri with the limited nuinber of samples.

3. Back-calculated standard lengths from skeletal hard parts:

Results of back-calculation of standard lengths using otoliths, scales

and vertebrae of E. diacanthus, E. chlorostigma and E. bleekeri are presented

in the tables 1-9.

Back-calculated standard lengths of E. diacanthus

The mean back-calculated. lengths for the first eight years of life
of E. diacanthus using otoliths were 92, 135, 176, 206, 244, 278,
310 and 339 mm respecetively (Table-1).  The mean back caleulated lengths
for the first eight years of life, derived from scales were 93, 131, 168,
210, 246, 278, 310 and 339 mm respectively (Table-2). The mean back-
calculated lengths for the first eight years of life derived from vertebrae

were 96, 137, 172, 204, 238, 270, 286 and 313 mm respectively (Table-3).
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TABLE-1. Back-calculated standard lengths (mm) from otoliths of E. diacantnus

Age Mean total Mean Standard

Group length at length at caputre 1 2 3 4 5 6 7 8
capture(mm) (mm)

1 37 105 81 75

2 104 161 134 86 120

3 127 197 158 84 114 143

4 59 252 204 90 128 166 185

5 34 320 280 106 147 189 224 262

6 16 344 285 100 142 179 184 209 268

7 14 361 328 98 148 188 212 252 283 308

8 15 392 355 109 144 188 223 244 278 310 339

Mean back-calculated lengths 92 135 176 206 244 278 310 33'9

Growth increments 43 41 30 38 34 32 29

Number of fish 406 369 265 138 79 45 29 15
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TABLE-2. Back-calculated standard lengths (mm) from scales of E. diacanthus
Age Mean total Mean standard
Group length at length at caputre 1 2 3 4 5 6 7 8
capture(mm) (mm)

21 122 99 89

89 168 137 90 123

86 206 170 94 126 152

. 48 274 115 99 133 171 208

30 331 275 93 137 180 214 253 _

30 367 306 92 134 172 214 251 285

23 400 334 91 132 169 211 243 280 318

25 409 343 92 131 166 204 235 270 301 328
Mean back-calculated 93 131 168 210 246 278 310 328
Growth increments 38 37 42 36 32 32 18
Number of fish 342 321 232 146 98 38 15

68




TABLE-3. Back-calculated standard lengths (mm) from vertebrae of E. diacanthus

Age N Mean total Mean standard

Group length at length at caputre 1 2 3 4 9 6 7 8
capture(mm) (mm)

1 38 108 88 78

2 101 165 135 88 121

3 126 200 165 94 127 155

4 53 251 205 96 131 165 193

S 32 312 268 100 152 180 199 229

6 17 360 299 101 145 182 221 257 289

(f 16 369 307 107 144 173 202 231 258 282

8 11 388 322 100 140 175 207 235 262 289 313

Mean back-calculated lengths 96 137 172 204 238 270 286 313

Growth increments 41 35 32 34 32 16 27

Number of fish 394 356 255 129 76 44 27 IR
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;i'here is reasonable agreement between the back-calculated standard lengths

t ages derived from the different skeletal hard parts. Mean standard
lengths at capture for each age group is greater than the average calculated
length.  Burnett-Herkes (1978) says that this discrepency is as a result
f growth between the time the last ring is formed and the time the

ish was captured.

Back-calculated standard lengths of E. chiorostigma

The mean back-calculated lengths derived from otolith radius of

_E. chlorostigma for the first seven years of life were, 153, 197, 237,

266, 295, 331 and 339 mm respectively (Table-4).

The mean back calculated lengths derived from scale radius of

_E. chlorostigma ages 1 to 7 years of life were 145, 183, 213, 238, 255,

289 and 307mm respectively (Table-5).

The mean back calculated lengths derived from vertebra radius
ﬁof E. chlorostigma for the first seven years of life were 158, 192, 221,

247, 268, 305 and 318mm respectively (Table-6).

In the case of E. chlorostigma  also the mean standard lengths

at capture is greater than the mean back-calculated standard lengths.

Back-calculated standard lengths of E. bleekeri

The mean back calculated lengths derived from otolith radius of

E. bleekeri for ages 1 to 7 yeuars of life are 192, 232, 263, 288, 310,

330 and 352 mm respectively (Table-7).



TABLE-4. Back-calculated standard lengths (mm) from otoliths of E. chlorostigma

Age N Mean total Mean standard

Group length at length at caputre 1 2 3 4 5 6 (
capture(mm) (mm)

2 2 272 223 158 204

3 16 312 282 161 211 255

4 13 336 284 145 195 242 266

5 14 360 292 147 190 225 251 275

6 34 431 356 153 198 238 283 315 340

7 6 43y 358 151 185 226 263 294 321 33y

Mean back-calculated lengths 153 187 237 266 295 331 339

Growth increments 44 40 29 29 36 8

Number of fish 55 53 37 24 10 6




TABLE-5. Back-calculated standard lengths (mm) from scales of E. chlorostigma

1 O WU W W N

Age Mean total Mean standard
Group length at length at caputre 1 2 3 4 b) 6 7
capture(mm) (mm)

2 272 223 154 201

9 303 260 164 205 237

15 337 279 144 191 225 259

11 340 284 141 178 209 240 253

10 362 299 134 157 200 227 255 283

9 406 326 134 165 196 227 258 286 307
Mean back-calculated lengths 145 183 213 238 255 289 307
Growth increments 38 30 25 17 34 18

Number of fish 56 54 45 30 19 9




TABLE - 6. Back-calculated standard lengths (mm) from Vertebrae of E. chlorostigma

Age Mean total Mean standard

Group length at length at caputre 1 2 3 4 b) 6 7
capture(mm) (mm)

3 13 301 249 157 194 226

4 16 332 275 164 204 235 259

5 9 319 261 150 178 204 227 250

6 5 401 330 161 194 220 255 281 309

7 398 327 156 190 218 248 274 302 318

Mean back-calculated lengths 158 192 221 247 268 305 318

Growth increments 34 29 26 21 37 13

Number of fish 50 37 21 12 7




TABLE -7.

Age N Mean total Mean standard

Group length at length at caputre 1 2 3 4 5 6 7 8
capture(mm) (mm)

3 5 347 287 197 240 270

4 12 380 315 189 238 269 297

5 7 381 317 189 228 260 286 304

6 3 389 320 203 240 263 283 300 313

7 4 478 400 207 248 295 332 366 393 420

8 1 409 337 172 205 227 249 271 282 293 326

9 1 455 383 186 222 254 279 31 331 344 357 370

Mean back-calculated 192 232 263 288 310 330 352 342 370

Growth increments 40 31 25 22 20 22 -10 28

Number of fish 33 28 16 9 6 2 1
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The mean back calculated lengths derived from scale of radius of

e

g'bleekeri for the first seven years of life were 149, 189, 220, 249,

1, 300, and 313 min respectively. (Table - 8)

The mean back calculated lengths derived from vertebra radius

E. bleekeri for the first seven years of life were 112, 164, 201, 240,

3,297 and 323 mm respectively. (Table - 9)

The mean standard lengths at capture were greater than the mean

back calculated standard lengths in the case of E. bleekeri also.

Theoretical growtn

The von-Bertalanffy growth equation (Ricker, 1975) was fitted

to growth data developed from otolith radius for E. diacanthus, E. chloro-

stigma and E. bleekeri. The equation describes the linear relation between

length at time 't' and length at time tog -

. . -k(t-to)
In this equation, Lt = LW (1-e ( ),

= Length at age t
= Maximum size towards which the length of the fish in tending
= base of the naparian logarithin

= Brody growth coefficient, a measure of the rate at which
length approaches L oo

= age of the fish
= a. parameter indicating the hypothetical timme at which the

fish would have been zero size if it had always grown
according to the above equation.



Age N Mean total Mean standard

Group length at length at caputre 1 2 3 4 5 6 7 8 9
capture(mm) (mm)

2 1 306 255 172 233

3 3 342 284 157 205 249

4 7 394 329 172 210 257 299

5 5 338 280 135 176 207 238 266

6 9 360 347 142 184 222 260 301 332

7 5 386 319 137 165 196 226 257 282 307

8 2 417 349 133 168 201 234 266 290 313 334

9 3 457 382 138 179 210 238 265 296 320 341 365

Mean back-calculated lengths 148 189 220 249 271 300 313 338 365

Growth increments 41 31 29 22 29 13 25 27

Number of fish 35 34 31 24 19 0 5 3




Age Mean total

Mean standard

Group length at length at caputre 1 2 3 4 5 6 7 8 9
capture(mm) (mm)

2 2 315 262 149 235

3 5 316 270 106 161 238

4 7 376 312 101 157 212 270

5 6 368 304 109 153 190 232 2717

6 8 378 314 111 153 191 226 258 293

7 3 423 354 113 163 205 2317 274 288 320

8 2 464 385 107 146 208 256 308 328 349 364

9 3 423 351 97 141 163 218 247 277 299 321 341

Mean back-calculated . lengths 112 164 201 240 273 297 323 343 341

Growth increments 52 37 39 33 24 26 20 -2

Number of fish 37 33 29 22 16 8 5 3
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ooand K can be estimated from the Walford plot, but a more accurate

value can be derived from a graph of Log, (Los - lt) against t.

“Theoretical growth in lengtn of E diacanthus.
The Walford line for E. diacanthus is
Y = §2.2505 + 0.8897 X

{Trial values of K = 0.1169 and of Loo = 474 mm SL were obtained using
‘:athe Walford line (Figure 53). The value of Lm and trial values were used
to plot hoge (l_.00 - lt) against age to obtain the straightest plots. The
slope of these lines, K and the Y axis intercept can be used to determine
" ¢ = (Y axis intercept - Log, L )

© K

The resulting growth equation deseribing growth in length is

- Theoretical growth in length of E. chlorostigma

The Walford line for E. chlorostigma is Y = 70.4154 + 0.8401 X

Trial values of K = 0.1742 and of L =440 mm SL were obtained

using the Walford line (Figure 5b). The value of Loo @nd trial values

were used to plot Loge (Loo -1 t) against age to obtain the straightest
plots.  The slope of this line K and the Y-axis intercept can be used

to determine 'to‘.
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- Y axis intercept - log  Leg ).
K ~
ation describing growth in length is L, = 440 (

the resulting von-Bertalanffy growth
_e~0-1742(t-0.1354),

oretical growth in length of E. bleekeri:

The Walford line for E. chlorosiigma is Y = 83.1687 + 0.7799X.
rial values of K = 0.2025 and of LOO = 410 mm SL were obtained using

the Walford line (Figure 5¢). The value of L&) and trialvalues were used
to plot Log Loy - lt) against age to obtain the straightest plots. The
ﬁfslope of this line K and the Y-axis intercept can be used to determine

"to'. The resulting von-Bertalantfy growth equation describing growth

—0.2025(t—0.1783))

in length are Lt = 410 (l-e

5. Comparison of lengths derived from different methods used in the
determination of age.
The mean standard length at capture, mean back-calculated standard
lengths and theoretical length with respect to each age group is compared
in the figures 6, 7, & 8 for each species. For this comparison, the lengths

derived from otolith measurements were used.

Comparison of lengihs derived from different methods used in the age
determination with each age group in E. diacanthus

Figure 6a shows the growth curves derived from mean standard
length at capture, mean back-calculated length and theoretical growth
in length. The curves derived froin theoretical growth in length and

mean back-calculated length illustrate a sinooth curvilinear growth. The
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owth curve of mean standard length at capture indicate a smooth curvi-

ear growth till fourth year and a sudden change in the fifth year.

Figure 6b showing growth curves derived from mean standard lengths
At capture and mean back calculated lengths based on scale radius illust-

ate a smooth curvilinear growth.

Figure 6c showing growth curves derived from the mean standard
length at capture and mean back-calculated lengths based on vertebrae

padius also show a smooth curvilinear growth.

Comparison of lengths derived from different methods with each age
group in E. chlorostigma

Growth curves derived from mean standard lengths at capture,
;fgmean back calculated standard length and theoretical growth in length
in E. chlorostigma are illustrated in the figure T7a. The growth curve
Ederived from the mean standard length at capture shows a zig zag growth
%"’pattern must be due to the low sample numbers. Fish in the first age
-group could not be collected since the samples comprised only the hook
and line catches. 'The back-calculated length curve and theoretical growth

in length curve indicated a smooth curvilinear growth.

Figure 7b illustrates the growth curves derived from mean standard
length at capture and mean back-calculated lengths based on scale radii.
Both the curves sho.. a smooth curvilinear growth. However, the mean

length at capture was slightly higher than the mean back-calculated lengths.

Figure 7c indicates the growth curves derived from mean standard

lengths at capture and mean back-calculated lengths based on vertebra
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ty,dii. The curve derived from mean standard length at capture shows
‘sudden decrease at the age 5. This variation in length must be due
the small sample size. The mean back-calculated length has shown

smooth curvilinear growth pattern.
parison of lengths derived from different methods with each age group
E. bleekeri

The growth curves derived from mean standard lengths at capture,

iiean back-calculated lengths and theoretical growth in length based on

g

plith radii of E. bleekeri are illustrauted in figure 8a. lle curve drawn
?om the mean standard length at capture shows a smootin curvilinear
%owth LIl the age 6 and at gge 7 the growth curve has shown a sudden
'vxj:rease in length. The curves obtained from back-calculated lengths

theoretical growth in length show a smooth curvilinear growth.

Figure 8b shows the growth curves derived from menn standard
lengths at capture and mean back calculated lengths based on scale radii.
ée growth curve of mean standard length at capture shows a smooth
« vilinear growth upto 4 and at 5 and 7 it shows a sudden decrease
length and then the curve continues its ecurvilinear growth pattern.
@us sudden change must be due to the small sample size. The mean
B ,

Jack-calculated length shows a simooth curvilinear growth curve.

Growth curves derived from mean standard lengths at capture

d the back-calculated lengths based on vertebra radii of E. bleekeri

§s shown in the figure 8c. The curve of mean standard length at capture

shows a slight increase in length at the age 4 and a slight decrease at
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ge 9. The back calculated length curveshows a curvilinear growth

.4. DISCUSSION

Thompsun and Munro (1974) showed that the fishery at Pedro Bank
made up of fish having at least four modal lengths. They show modal
ngth progressions at bimonthly intervals over a period of nearly two
ears and indicate the modal differences are annual increments of length.

the present study, analyses of modal progression in the length frequency

distribution of the samples were not possible because the samples were
irregularly spaced to produce coherent results. Hence skeletal hard parts
like otoliths, scales and vertebrae were used for age determination. The
formation of the rings in the otoliths, scales, pectoral spines, vertebrae
and opercular bones has been attributed to several factors. Menon (1953)
fms reviewed the literature on growth determinations in fishes from tropical
and subtropical waters and pointed out that the physiological rhythms
hssociated with spawning and decrease in food intake during gonad maturation
?'i)erhaps play a great and effective part in the periodic formation of the

1 annual growth checks in the skeletal hard parts of the fish", Croker

f(‘1962) aged Gray Snapper, Lutjanus griseus from South Florida using scales;

McEarlean (1963) aged gag, Mycteroperca microlepis from the West Florida

coast using otoliths; De Sylva(1963) aged, the barracuda, Sphyraena barracuda

using scales and they considered that annulus formation was caused by
water temperature fluctuations, although it wusually corresponded with

some point in the spawning season as well. According to Nekrasov (1979)
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he rings may be formed at the time of spawning on the recording structure

%f tropical fishes. Chen et al,, (1980) studied the age and growth of

i?__ diacanthus using scales and suggested a connection between reproductive
;%ycle and ring formation They also opined that the fish physiological
;relatlonshlp Detween the relative rates of caleium deposition and ecalcium
iesorption may influence the formation of rings us the external environ-
mental fuctors like temperature, salinity, food and light influence the
i%eposition of annual rings. Moe (1969) suggested that spawning activity
{%sbupled wilh environmental fuctors could be the causes of ring formation
in E. morio. Campana and Neilson (1982) noted an internal circadian
i“hythm for the production of daily increments in juvenile starry flounders.
f‘%nnual.nature of otoliths is proved by many authors, like Moe (1969),
Burnett-Herkes (1975), Mercer (1978), Chen et al, (1980) Sadovy et al.,
31992). In this study also annual nature of the otoliths was proved by
margmal increment analysis, opuaque zones were formed Murch, April
and May in the case of E. diacanthus. And invariably March, April, May
i_'ormed the spawning months of E. diacanthus. So in E. diacanthus also
the formation of ring might be due to spawning check. In E. chlorostigma
and E. bleekeri, the annual nature of the otolith could not be proved
by marginal increment analysis due to small sample sizes and discontinuous
éampling. However, further investigation is needed on the age and growth

of E. chlorostigma  and E. bleekeri, especially to determine the time

and cause of annulus formation

Moe (1969), Burnett-Herkes (1975) and Mercer (1978) were of the
gpinion that, mean lengths at capture were greater than the mean back

calculated lengths. In this study also the mean standard lengths at capture
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always greater than the mean back-calculated lengths derived from
ths, scales and vertebrae. The mean back calculated lengths derived
otoliths, scales and vertebrae of E. diacanthus have shown alrﬁost
1 lengths, indicating completion of ring formation at the same time.
parison of mean back-calculated lengths derived from otoliths, and
rtebrae of E. chlorostigma were of equal lengths, while that of scale
smaller in length. This might be due to the completion of ring formation
scale after the completion of ring formation in otoliths and vertebrae
‘Johnson (1984) has observed in little tunny. In the case of E. bleekeri
mean back-calculated lengths derived from otoliths were greater than
mean back calculated lengths derived from scales and vertebrae
icating the completion of ring formation .-otoliths before the completion
ring formation of scales and vertebrae. Johnson (1984) observed in
tle tunny that, the mean lengths based on spines were consistently
ger than their respective mean lengths based on vertebrae, which could
licate that the vertebral ridge couplet formation is completed before

spine band completion. Acecording to Simkiss (1974), these differences
y be the result of differential response of the structures to mineralization
., Calcium metabolism). However, it can mot  rule out the possibility

t the differences are the result of small sample size.

.5, LENGTH-WEIGHT RELATIONSHIP

The study of the length-weight relationship of fishes according
o Le Cren (1951) has two different objectives. First to determine the

athematical relationship between length and weight, so that if length
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known the weight can be computed and vice-versa, sccondly to measure
éthe variation from the expected weight for a given length of individual
sh or groups of fishes as indications of fatness, general well-being or
}onadal development. The length-weight relationship of E. diacanthus,

E. chlorostigma and E. bleekeri was determined for the present study.

g

: Since the length of fish can be measured more easily than weight
?;lt would be convenient to determine the weight when the length is known.
Hence the general length-weight relationship of fish is given by parabolic
ETlequation of the form W = aLb, wnere W = weight, L = length of fish,
'a'’ and 'b'are constants to be determined empirically from the data.
~Usually for an ideal fish, which maintains the samne shape during its growth,
b = 3 (Allen 1938). But in majority of fishes the shape and density change
with increasing age whicn often causes the coefficient of regression
Aof logarithm of weight on logarithm of length depart from 3. In such
cases the value of the exponent 'd' in the parabolic equation may lie
between 2.5 and 4 (Hile, 1936 and Martin, 1949). Beverton and }Holt
(1957) found that large variations from the isometric growth (b = 3) are
rare in adult fishes. Brown (1957) showed that the exponent 'b' which
is the ratio between the specific growth rates of length and weight usually
equals 3. Le Cren (1951) recorded some instances where the value &

'p' differs for the fish of the same species from different environments

or for larval, immature and mature fishes.
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MATERIALS AND METHODS

The materials comprised-of three species of Epinephelus, E. diacanthus

échlorostigma and li. bleekeri. For a detailed study on the length-weight
féﬁonship the fish were separated into indeterminate, male and female
the case of E. diachanthus, male and female in the case of E. chlorostigma

!_13_ bleekeri. A combined length weight relationship was also given

en the relationship was proved statistically non-significant.

- RESULTS

The length-weight relationship of indeterminate, male and female
s found out using the formula, W = aLb. This expression can be tra-

ormed to:
Log W = log a + b (log L)

e length weight relationship of E. diacanthus

The length weight relationship of indeterminates (Figure 9a).

W = 1.02904 X 107°3-177

Log W = -4.9875 + 3.177 (log L)

The correlation coefficient 'r' was 0.9810.
The length-weight relationship of mals (Figure 9b).
W = 1.07913 X 1072 311

log W = -4.9669 + 3.111 (log L).
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The correlation coefficient 'r' was 0.9930.

The length weight relationship of female (Figure 9c).

W = 9.46408 x 1070 2-744

Log W = -4.0724 + 2.744 (log L)

The correlation coefficient 'r* was 0.9780

The 't' test has proved that the exponent 'b' is significantly different
om the cube law 3, for indeterminates, males and females (Table-10).
alysis of variance on these regression indicates that the residual variances

re homogenous and significant F values obtained for the regression

efficients (Table 11).

BLE-10. Statistical anaysis to test deviation from the Cube law -
E. diacanthus.

_ b-3
b DF sb t = =5 P%
eterminate 3.1772 245 0.0403 4.397 0.000
3.1112 153 0.0300 3.707 0.000

female 2.7437 366 0.0310 8.268 0.000
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BABLE-11. Analysis of variance for E. diacanthus length-weight regressions

Degrees of Sum of Mean F Prob.
Freedom Squares Square Value
2 130.0 65.0 19.95 S
1 0.8 0.8 0.24 N.S
520 1820.1 3.5
ifferences in
1 129.2 129.2 39.65 S
919 1690.9 3.3

The analysis of variance proved that the length-weight relationship

etween males and females are statistically significant.

-
The length weight relationship -of E. chlorostigma

The following length-weight relationships were calculated for

chlorostigma

ength-weight relationship for males (figure 10a)

W = 1.96937 x 107> 2987

log W = -4.7057 + 2,987 (log L)

The correlatian coefficient 'r' = 0.9630.
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~57,»’?“4&131.,1*1—12. Statistical analysis to test deviation from Cube law -
E. chlorostigma.

g ¢
i

b b ) t Hh-3 P%
-3R-
Male 2.9871 124 0.0752 0.1715 NS
‘Female 2.8599 33 0.2167 0.6465 NS

:Length weight relationship for females (Figure 10b)

W = 3.86907 X 0 ° 2860

log W = -4.4124 + 2.860 (log L)

The correlation coefficient r = 0.9170

In this case 't' test has proved that the exponent 'D' is close to 3
" for males and females showing isometric growth (Table~12). Analysis
of variance on the regressions was not significant for E. chlorostigma

* (Table 13).

TABLE-13. Analysis of variance for E. chlorstigma length-weight regressions.

Source Degree of Sum of Mean F Prob.
freedom Squares Square Value

Differences 2 2.90 1.5 0.53 NS
Differences

in level 1 1.60 1.6 0.57 NS
Error 158 435.30 2.8

Differences

in angle 1 1.4 1.4 .50 N S

Error 157 433.9 2.8
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ula was obtained (Figure 10c).
w = 1,85074 x 105 L2'997.

log W = -4,7327 + 2.997 log L

with a correlation coefficient 'r' = 0.974

-weight of relationship of E. bleekeri
The length-weight relationship of E. bleekeri was as follows:

The length-weight relationship of males (rjzure 11a).

W = 5.09537 x 1070 3217

I

log W -5.2928 + 3.217 (log L)

With a correlation coefficient 'r' = (.982

TABLE-14. Suatistical analysis to test deviation from Cube law -

ce the data of both the sexes were pooled together and a common

E. bleekeri
b DF sb t=b-3 P%
sb
;};Male 3.2169 73 0.0728 2.9794 0.000
‘;f{l:?emale 3.1202 56 270.0603 1.9934 N §

The length weight relationship of females (Figure 11b)

W = 9.00962 x 1078 ,3-120

log W = -5.0453 + 3.120 (log L)

With a correlation coefficient 'r' = 0.9900
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In E. bleekeri the 't' test has proved that the exponent 'b' signifi-

8 tly varies from the cube law in the case of males while no such

ation is seen in females (Table-14),

Analysis of variance on the regressions was not significant (Table-15)
nee the sexes were pooled together und a common formula was obtained

igure 11c).

W 7.38071 x 10° [3-154

log -5.1319 + 3.154 log L.

with a correlation coefficient 'r' = 0,Y880

ABLE-15. Analysis of variance for E. bleekeri length weight regressions

Degrees of Sum of Mean F

Source freedom squares Square Value Prob.
ifferences 2 1.20 0.6 0.6 N S
ifferences in 1 0.20 0.2 0.22 N S
vel

Error 130 126.70

Differences in 1 .00 1.0 1.000 NS

-angle

“Error 129 125.70 1.0

3. DISCUSSION

In E. diacanthus, E. chlorostigma and E. bleekeri, the 'r' values

‘showed a very good correlation between length and weight. The analysis

of variance of regression co-efficients were significant for E. diacanthus



42

=

@d insignificant for E. chlorostigma and E. bleekeri. A quite variable

th-weight relationships were obtained to different workers on different

%ecies of Epinephelus.

Moe (1969) has found that the logarithmic length-weight relationship

tor Epinephelus morio to be log W = 1.4343 + 2.9294 log L, exponentially
2.9294

ii is W = 0.2918 X L Thompsun and Munro (1974) expressed the

?élationship between the total length and weight of E. guttatus as log

W = -1.754 + 2.960 log L, exponentially it is W = 0.0176 L,2-960- Burnett-

;i*erkes (1975) found that the calculated regression curve for length-weight

@lationship for E. guttatus is log W = 4.5509 + 2.9770 log L, (or W =3.605

% 10—5 L2.9770

(1980) have seen in E. diacanthus that the length-weight relationship to

be W = 1.621 x 107° g1,3-08908

) and the regression coefficient was 0.99. Chen et al.,

and the equatioon of length weight relation-

—- C
ship of between ages, b is W = 2.679 X 10 0 SL2‘9‘)790. Here both the

“,b' values are very close to 3 i.e. the growth of this grouper is isometric.
However, the above values were not subjected to any statistical testing
and hence comparison with the present investigation is not possible.

Premalatha (1989) has found that in E. aerolatus the length-weight relation-

ship of males and females was log W = 2.328 log [,'0’8994

log L-1'2521 respectively with regression coefficients (r) 0.8876 and 0.9116.

and log W=2.5572

For E. chlorostigma she got the relationship was as follows: nales, log W
= 2.8497 log L-1.7501 (r = 0.9388) and females, log W = 3.0425 log L-2.71175

(r = 0.9633).
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The 'a' values of indeterminate and males are found to be lowest

compared to females in the case of E. diacanthus, which Brown (1957)

terpreted as due tolow fat content. In E. chlorostigma, the 'a'value
lowfor males and there is not muech difference in the 'a' value in the
se of E. bleekeri for males and females. Generally the weight of the
sh will be proportional to the cube of length, based on its dimensional
-equality. The results of 't' test employed by dividing the difference
?between 'b' and '3' by standard error of 'b' showed that the 'b' values
?‘vary significantly from '3' in the case of E. diacanthus for indeterminate,
males and females and males in the case of E. bleekeri. While E. chlorostigma
iexhibits isometric growth.Deviation from isometric value of 3 have been
obtained in sardines (Antony Raja, 1967) and the gold spot mullet, Liza

parsia (Madhusoodana Kurup and Samuel, 1992).

Depending upon the deviation of 'd' values from '3' fishes can be
classified into three groups (a) b =3 where the body form of fish remains
constant at different lengths (isometric) (Allen, 1938), (b) b < 3 when
fish becomes more slender as the length increases and (¢) b> 3 when
fish growé more stouter with increase of length (allometric), (Growner
and Juliano, 1976). But the value of 'b' usually remains between 2.5 and
4 (Hile, 1936). The present observation is also in agreement with the
above view and it can be concluded that the cube formula W = g 13 will

not be a proper representation of the length-weight relationship at least

for E. diacanthus.



CHAPTER 3



FOOD AND FEEDING HABITS

INTRODUCTION

Information on the food and feedin'g habits of fishes is essential

a clear. understanding of their life history, including growth and migration

also for their exploitation and management. A knowledge of the favour-
ble feeding grounds and preferred food components of commercial fish
tocks,, are of paramount importance to fishermen to extend or diversify
ir fishing effort profitably. It is essential to have a knowledge about

he food and feeding habits of the candidate species for culture aspeects

Das and Moitra (1956, 1963) classified fishes as herbivores. carnivores
nd omnivores based on the percentage of animal and vegetable matter
ztey consumed. They further classified fishes into three subgroups according

o the zone of their feeding, they are surface feeders, column feeders

gSgnd bottom feeders. The correlation between the availability of a particular
good and the -abundance of the predator species is well established by differ-
gnt authors. To quote few instances, the peak fishery of mackeral and
%ékifardines along the Malabar coast during September-December, when the
,;nshore waters are rich in phyto and zooplankton (George, 1953); the abundant

gishery of Malabar sole, Cynoglossus semifasciatus with the availability of their

;iavourite food item Prionospio pinnata (Polycheate) between October-May

fgSeshappa and Bhimachar, 1955) and the fishery of silver bellies and white
baits during monsoon months along the Malabar coast when the water

is rich in copepods (Venkataraman, 1960).



Some of the notworthy works on the food and feeding habits of

dian demersal fishes are by Tandon (1960) on Selaroides leptolepis,

i(kataraman (1960) on the food and feeding relationships of the inshore

es off Calicut, Rao (1963) on Pseudosciaena diacanthus, Rao (1964)
the fishes from the Bay of Bengal, George et al., (1968) on the demersal
shes from the trawling grounds off Cochin, Kagwade (1969) on Polynemous

tadactylus, Rangarajan (1970) on Lutjanus kasmira from Andaman Sea

Krishnamoorthi (1971) on threadfin bream, Nemipterus japonicus.

habits of some marine fishes. The works of the food and feeding habits

some Indian teleosts like Psettodus erumei (Mathew and Balakrishnan,

1976); Tachysurus thalassinus (Menon, 1978) Caranx malabaricus and Alepes

glla (Venkataramani and Natarajan, 1983); Nemipterus japonicus (Rao and

=

Rao, 1991) and Tachysurus dussumeri (Vasudevappa and James, 1992) are

Very little information is available on the food and feeding habits
the subfamily Epinephelinae, from the Indian waters. One of the earliest
udies on the nutrition of perches was by Job (1940) from Madras coast:

ention was also made by Prabhu (1954) on the perches.caught by traps

%n the Gulf of Mannar and Palkbay. Silas (1969) has mentioned about
the food of 'Kavala from the south west coast of India in the exploratory
hing by R.V. Varuna. More recently the rockcods from the south west

coast of India was investigated by Premalatha (1989).
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Many workers from abroad have reported the food and feeding
w}nabxts of different species of Fpinephelus and  other related genera. Some of

he works on the related genera were by Croker (1962) on the gray snapper,

Lutjanus griseus, Hobson (1965) on Myecteroperca rosacea; Talbot and Goldman

(1972) on the feeding relationships of the reef fishes at one Tree Island,

Smith and Tyler (1973) on Mycteroperca bonaci, M. venenosa and M. inter-

stitialis. and Manooch (1977) on the red porgy, Pagrus pagrus from the

;North carolina and South Carolina.

’ Although attempts were made on the food and feeding habits of
%Epiheghelus, a detailed study on E. diacanthus is lacking. Some of the
fimportant works on allied species of Epinephelus are as follows. Beebe
:and Tee-van (1928) reported the food of E. striatus. Randall (1960) described
‘:the food habits and habitats of Epinepheline and Lutjanid fishes of the
%Society Islands.  Menzel (1960) mentioned the food of E. guttatus from
Bermuda reef. Randall (1965) gave a brief account on the food habits of E.
:striatus from the Virgin Islands and Puerto Rico waters. Randall (1967)

examined the gut contents of E. adscensionis, E. guttatus, E. itajara, E.

morio, and E. striatus from West Indies. Moe (1969) mentioned the food
of E. morio. Burnett-Herkes (1975) mentioned the food and feeding habits
of E. guttatus. Thompsun and Munro (1978) studied in detail the foorl
habits of hinds and groupers from the Caribbean reefs. Mention was also

made by Munro (1983) on the coral reef fishes from the Caribbean.
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2 MATERIALS AND METHODS

The materials consisted of 731 fish, Epinephelus diacanthus collected

:m the trawl landing of Cochin fisheries harbour during the period,
Yecember 1990 to November 1992. The stomachs of the fishes were pres-
rved in 5% formalin after noting down the total length, standard length,

otal weight and gonad condition of each fish.

Analysis of gut contents were carried out by two methods (1)
ualitative - identifying the organisms in the gut to the nearest taxon
possible and (2) quantitative - volumetric method. The prevalence of each
ood item in the diet during different months and size groups was calculated
by the occurrence method (Hynes, 1950). 'Index of preponderance' proposed
‘by Natarajan and Jhingran (1961) was used to grade the relative importance
cof the food item as it was found suitable for carnivorous fishes. The
~percentage occurrence of different items of food in different months was
determined by summing the total number of occurrence of all items from
- which the percentags occurrence of each item was calculated. The percentage
-volume of each food item was determined from the total volume of all
“the stomach contents. The index of preponderance was given by the formula
ViOi x 100, where Vi and Oi represent percentage volume and percentage

£ ViOi

oceurrence of a particular item of food respectively.

The degree of fullness of stomach was determined on the basis
of distension of stomach folds (Rao, 1964). Average amount of feeding

(Rao, 1991) was taken into consideration to determine the feeding intensity.
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pmachs were classified into 'gorged' when the stomach was full with

‘and the wall become thin and transparent, 'full' when the stomach
filled with food and the wall become thin but not transparent, similarly
full', '1/2 full' '1/4full' and 'empty' depending on their relative fullness
the space occupied by the stomach contents. An empty stomach had
shrunken wall with little mucous. Numerical values '1.50', '1', '0.75",
, '0.25' and '0.0' were given respectively to the above categories.
m values gained by all the stomachs examined in a given sample were
Ealysed to obtain the feeding intensity according to season and size.

ieflsh in the given sample were considered intensely fed when the average

éount of feeding reached 0.75 or above.

The fish obtained from the gut contents of E. diacanthus were
;jquped in a single head, fish. Miscellaneous items constituted the sand
fgins, crushed mollusean shells. cuttlebones, partially digested cephalopods,
ySIS larvae, lucifer ete. since they were observed in very low quantities,
§ee or twice among the food components. Digested matter is excluded
hile ranking the food items according to the 'index of preponderance'.
he fish were grouped into 10 mm class interval, standard length groups.
p describe the food and feeding habits of fish according to size groups.
ey were divided into lower length groups (immature ones from to 71to

30 mm) and higher length groups (mature ones from 131 to 220 mm)

3 RESULTS

E. diacanthus showed a preference for crustacean and fish diet.

he crustaceans consisted of crabs, prawns, Squilla sp., hermit crabs ete..
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‘he crabs belonging to the genus Charybdis, prawns like Parapenaeopsis

tylifera, Trachypenaeus sp. and Acetes sp. were the major crustacean

diet. Among the fishes Stolephorus sp. and Nemipterus sp. were common
m the gut. Cynoglossids, platycephalids, ambasids, leognathids, carangids,
@cterids were also met with infrequently. Occasional items like molluses.
ﬁlolluscan shells, albunia, cuttle bones of cephalopods, cephalopods, fish
bones, and scales were also observed. Hermitcrabs were observed along
Q‘ith and without mollusecan shells. The molluses observed in the gut contents

were the button shell,Umbonium vestiarium;thebasket shell, Nassarius nodiferus

and Pelecyora sp.

1. Feeding intensity in different seasons:

During 1990-1991, high feeding intensity was observed in March
and May, when the average amount of feeding reached 0.9 and 1.5 res-
pectively. Whereas April (0.41) July (0.36) and December (0.27)were regarded
as the least fed months. In September, October and November the feeding
intensity in terms of average amount of feeding were 0.69, 0.74, and 0.56

respectively (Figure-12).

December, April. May and November formed the actively fed months
during the year 1991-1992, when the values were 0.88, 1.4, 0.87 and 0.77
respectively.  March (0.43), July (0.50), August (0.26), September (0.61)

and October (0.41) were the low fed months.

2, Feeding intensity in different length groups:

In 1990-1991 fishes in the length groups 71-80 mm (1.0) 81-90,

mm (0.86) were the intensely fed ones in the lower length groups (Figure 13
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;The feeding intensity in the size range 91-130 mm varied between 0.40-
i0.62. In 1991-1992,fishes of 101-110 mm (0.77) size group was intensely
«fed (figure-13). The feeding intensity of the size group, 71-100 mm ranged
gfrom 0.59-0.61 and for the size groups, 111-120 mm and 121-130 mm the

iffeeding intensity ranged from 0.54 and 0.59 respectively.

During 1990-1991, the feeding intensity of 171-220 mm length
ggroups was from 0.79 to 1.50. A lower feeding intensity of 0.39 to 0.68
‘iwas noticed among fishes of the size range 131-170 mm. While the size
rrange 191-210 mm showed a feeding intensity range of 0.25-0.50. The
feeding intensity was generally high (0.84) among size classes 181-200 mm
1991-1992 period.The feeding intensity value was found to be low

(0.60 - 0.20) in larger fishes above 200 mm.

3. Indices of Preponderance of different food items during December
1990 - November 1992: '

Crabs ranked first with a high value 77.06 in 1990-1991. Fish
ranked second (11.62), Squilla sp. (4.23), hermitcrabs (1.23), prawns (0.9),
miscellaneous items (0.35) and molluses (0.18) ranked third, fourth, fifth,

sixth and seventh respectively. (Table-16).

During 1991-1992 period, Squilla sp. ranked first (50.14). Prawns
(29.50) came second in ranking, while third, fourth, fifth, sixth and seventh
ranking were given to fish (15.13), erabs (2.23), miscellaneous items (1.08),

hermiterabs  (0.14), and molluses (0.04) respectively. (Table - 17).



S FEBLESAS:
Food items Volume (ml) QOccurrence Vi 0i Vi Oi Yioi X 100
Vioi
Squilla sp. 16.50 26 1160 9.39 108.92 2.233"
Crabs 65.75 119 46.22  42.96 1985.61 77.06'"
Prawns 7.00 13 4.92 4.69 23.07 0.909
Hermit crabs 6.25 20 4.39 7.22 31.70 1.23%
Fish: 30.25 39 21.27  14.08 '299.48 11.62'2)
Molluses 2.25 8 1.58 2.89 4.57 0,187
Miscellaneous items 3.00 12 2.11 4.33 9.14 0.35(8)
Digested matter 11.25 40 7.91 14.44 114.22 4.43
TOTAL 142.25 277.00  100.00  100.00 2576.71 100.00

*Figures in parenthesis indicate ranks of individual item in their respective periods.



Squilla sp

Hermit crabs

Miscellaneous items

Digested mattter

94.25

19.50

44.50

4.25

56.00

175

10.25

33.50

35.70
7.39
16.86
1.61
21.21
0.61
3.88

12.69

23.55
5.05
29.35
1.50
11.96
0.93
4.67

22.99

840.74

37.32

494.84

2.42

253.67

0.61

18.12

29.17

264.00

100.00

100.00

1676.89

* Figures in parentheses indicate ranks of individual item in their respective periods.
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When the average of the indices of preponderance for the two

years (Dec. 1990-Nov. 1992) were taken, Squilla sp. ranked first (28.46)

then came crabs  (21.05). Fish (15.17) ranked third. Prawns (14.81),
;{niscellaneous items (0.63), hermitcrabs (0.5) and molluses (0.10) were ranked

}'espectively, the fourth, fifth,sixth and seventh positions (Table-18).

4. Indices of preponderance in different seasons:

According to theindicescrabs formed the most preferred item in
1990-1991 period. Prawns, Sqguilla sp., hermit crabs and ' fish' were the
other items next in importance. During 1991-1992 period, the fish
showed no specific preference for any food item. Squilla sp- came first
in ranking in December, July, September, October, and November; prawns
in March, April and August and fish in May. Seasonal variations in the

indices of preponderance of different food items are dctailed below:

Fish:

Fish was observed in all the months in both the years and thus
formed the most preferred item. In the year 1990-1991, fish was observed
in every month except July. May has shown high value, 85.06. April
showed the lowest value for fish, 1.35. In December, March, September,
October and November the values were 2.46, 11.51, 65.82, 5.920 and 4.815

respectively (Table-19).

During 1991-1992, fish (62.8) were more in the gut contents in

May. In September (2.29) fish was observed in low quantities (Table-20).



Food items

Vi Oi

Volume (inl) Occurrence Vi i Vi Oi —_—X 1)
< Vi Oi

Squilla sp. 55.375 76 25.69 18.825 484,51 28.46
Crabs 42.625 73 -19.78 18.11 358.22 21.05
Prawns 25.750 85 11.95 21.09 252.03 14.81
Hermit crabs 5.250 14 2.44 3.47 8.47 0.5

Fish 43.125 52 20.01 12.90 258.13 15.17
Molluses 2.000 7 0.93 1.74 1.62 0.10
Miscellaneous items 60.625 14 3.08 3.47 10.69 0.63
Digested matter 22.375 82 16.12 20.36 328.20 19.28
TOTAL 215.52 403 100.00 100.00 17061.87 100.00




ingices of preponderance in different seasons - from December 1990 - November 1991,

S VIO
Voluinc{mj) Uccurrence vi i 7i0i Zvior X 10
1. (3).
1.50 1 18.18 7.14 129.81 1.91 )
3.75 6 45.45 42.86 1948.42 73.78 1)
1.50 3 18.18 21.43 389.60 14.75 )
0.75 1 9.09 7.14 £4.90 2.46 ()
#us items 0.25 1 3.03 7.14 21.63 0.82
0.50 2 6.06 14.29 96.60 3.28
8.25 1 100.00 100.00 2640.96 100.00
3.50 6 4.0 33,33 1333.20 r,n.nt,};
1.50 3 17.14 16.67 285.72 12.95
1.00 4 11.43 22.22 253.97 1515
2.00 2 22.86 11.11 253.97 151 )
0.50 2 5.71 ITRE 53.44 2.88
0.25 1 2.86 5.56 15.90 0.72
8.75 18 100.00 100.00 2205.20 100,00
4.50 15 31.03 33.33 1031.23 36.488:
2.25 4 15.52 8.90 138.13 1.87 5
1.25 2 8.62 4.44 38.36 1.35 3
1.25 -5 8.62 1. 95.71 3.38 "
5.25 19 36.21 42.22 1528.79 53.92
14.50 45 100.00 100.00 2835.28 100.60
3.25 5 26.0 33.33 866.58 14.948;
9.25 10 74.0 66.67 4833.58 85.06
12.50 15 100.00 100.00 $8U0.16 100.00
o1
aneous items 0.25 1 12.50 20.00  2500.00 26.32'"
8d notter 1.75 4 87.50 80.00 7000.00 73.68
2.00 5 100.00 100.00 9500.00 100.00
ier 1991
X 0.5 1 10.08 10.00 0.0y 'Lr,:sg;
[ 3.25 4 65.00 40.00 60004 H5.82
&1 mtter 1.25 5 25.00 50.00 125000 31.65
' 5.0 10 100.00 100.00 3950.00 100.00
B 1991
(5. 4.25 7 16.67 11.29 188.20 11.01(‘13)’
8.25 18 32.35 29.03 929,12 54.91;,)
s 1.00 3 3.92 4.84 18.97 1100,
1 Crabs .75 13 14.71 20.97 308.47 18.05 )
4.00 4 15.69 6.45 101.20 5.92 )
s 1.75 6 6.86 9.68 £6.10 389 o)
fancous itens 1.25 6 1.90 9.68 47.43 2,11
led watter 1.25 5 4.90 8.06 2.31
25.50 62 100.00 100,00 C1T09.2R 100.00
mber 1991
15 10.75 15 16.41 14.15 232.20 4.91';“:
B 42.25 64 4.50 £5.00 11831 RY.NTG )
:« 1.15 2 2.67 1.90 5.07 0.1y
9.75 16 11.89 15.99 224.59 4815
fed matter 1.00 4 1.53 3.17 5.77 0,121
£5.50 106 100.00 100.00 1RBR.04

1Hn.nn

ires in parcnthcscs indicate the ranks ol Individual food ltems in their respective months
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-Month Volume (in}) Uccurrence vi ol viol Vil

-3 vigy X 100
& December 1991 )
Saulla sp. ' 8.25 5 49.08 31.25 1502.60 se1s )
rahs 1.00 3 23.08 18.15 412.715 18.65 3
sh 1.50 k] 11.53 18.75 216.19 9.32 (s
Motlluscs 0.75 2 5.17 12.50 48.1 .07 (s)
Miscellancous [tems 0.50 1 3.85 8.25 24.08 1.04
Tigested  wnntter 1.00 2 7.69 12.50 84.1) 1.14
“Total 13.00 18 . 100.00 100.00 2319.718 100.00
March 1992
fauln sp. 1.5 2 441 1.23 14.24 0644 3}
3 5.5 1 16.18 11.29 182.67 8.258 m
Prawns 11.75 28. 34.58 41.94 1449.45 85.524 {8)
- flermit Crabs 1.00 1 2.94 1.81 4.1 0.214 (2)
Fish 1.15 9 22.80 14.52 331.08 14.960'(”
Molluscs 0.50 1 1.47 1.81 2.317 0.107 )
Miscellancous items .00 3 8.82 8.08 71.09 3.214
. Digested matter J.00 1 8.82 11.714 156.47 7.073
Total 34,00 82 100.00 100.00 2212.08 tyu.0y
Aprit 1992
quilin sp .78 4 20.00 12.500 230.00 10.20 m
Crabe 1.50 b 12.33 .31% 124.97 5.10 ()
Prawns 6.50 17 34.07 41n.625 1408.47 $1.49 (2)
Fish 5.0 7 26.67 21.875 583.41 3.8
Digested matter 1.0 5 5.3 15.625 8l.28 .40
Total 18.75 32 100.00 100.00 2450.13 100.00
Mny 1992
Squilla sp. 6.0 4 22.53 12.50 294.12 9.9 m
Cranbs 1.0 2 3.92 8.25 24.50 0.1 (2
Prawns 5.0 14 19.61 43.15 857.94 21.13 o
Fish 13.50 12 §2.94 31.50 1985.28 82.80
Total 25.50 32 100.00 100.00 3161.82 100.00
July 1992
Squlitn gp 3.5 3 416,47 30,00 14004 44.44 (,"
'\ﬁsn 3.0 2 40,00 20.00 sun.uy 2191 9
Digested matter 1.0 '8 13.33 50.00 888.5 23.25
1.5 L] 100.00 100.00 28648.8 100.09
August 1992
Prawns 2.0 ] 42105 41.00 0a1.1 52.89 8;
Fish 100 2 21.05) 11.18 241.58 4.01
Digested matler .15 1 36.842 41,18 1517.15 40.50
Totat 4.715 11 100.00 100.00 3746.19 100.00
September 1992
Squilia sp. 44.090 59 - 6048 34.52 2104.4 72.886(1)
Trnwne 8.25 84 t1.30 32.44 18318 12.5192)
Fish 9.00 [] 12.33 5.30 ne.noy 2.28:41)
MisceHianeous ftems - 150 3 2.05 1.19 3.87 0.129%4)
Digested matter 9.78 44 13.38 28.19 349.90 12.118,
Total 73.00 168 100.00 100.00 2RR7. 18 100.00
QOctober 1992
Squilia sp. 2.75 15 38.61 31.915 1232.24 43.082}‘{
Trab 2.18 4 10.90 8.511 82.71 LI
Fish 1.8 1" 28.71 23.4M 871.91 u.mi’,
Miscelinncous Hems 0.50 ] 1.98 2.128 4.2 0.157 4
Digested matter 5.00 18 19.80 34.042 874.03 25.19¢0
25.25 47 10000 100,00 2075.18 11108
Novombor 1902 : m
ulila sp. 18,00 33 30.50 23.18 706.99 39.19
T 475 s 1.60 5.30 40.28 z‘nm
Prawns 11.00 42 17.70 27.92 432.41 27-30(”
Hleenlt Crabs 3.25 1 5.20 4.64 24.11 "“(l)
Fish 8.9 9 12.90 5.96 76.88 4.26(.”
Motluser . 0.5 2 0.8 1.32 1.08 0‘06(“
Miscellaneous items 4.15 15 7.8 9.93 15.41 §.18
Digested matter 11.00 n 17.70 21.85 386.75 21.44
82.25 151 100.00 100.000 1803.97 100.00

* Figures In parenthesls indicnte the ranks of individual food ftem In respective montha,
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1 Crabs formed the second most preferred item in the 1990-1991 period and
%ey were observed in all the other months except July and September.
Ee Indices of preponderance for crabs in the other months were-December-
i78, March-60.43, April-36.48, May-14.94, October 54.94 and November-

.98  (Table-19).

But in the year 1991-1992, crabs formed the third most preferred
;od item along with the prawns. The indices of preponderance were high
i December (18.65), ecrabs were absent in July, August and September
i the gut contents. In other months the indices were, March-8.25, April-

10, May-0.77, October-3.468 and November 2.23 (Table-20)-

rawns:

Prawns ranked third in importance in the 1990-1991 period. March
ad a high index of 12.95. The other months in which prawns were observed
éx‘e, April (1.35), September (2. 53) October (1.11) and November (0.109)

‘able-19).

In the 1991-1992 period also prawns formed the third most preferred
ém and the index was high in March (65.524) and very low in September
2.579. Prawns were absent in the gut contents in December, July and
étober. The indices for April, May, August and November were 57.49,

7.13, 52.89 and 27.30 respectively (Table-20).

quilla sp.

Squilla sp formed the fifth important item in the ranking by indices

f preponderance. The index was high in October (11.01). In November

nd December the values were 4.98 and 4.91 respectively (Table-19).



53

During the 1991-1992 period Squilla sp ranked second in position
énd were present in all the months except August. High value was observed
m September (72.89) and low value in March (0.644). In December, April,
}day, July, October and November the values were 64.78, 10.20, 9.30, 48.84,

46.06 and 39.19 respectively (Table-20) -

Hermit crabs:

Hermit crabs were observed as the fifth important item in 1990-
1991 with high ranking in October (18.05). In December and March the
indices of preponderance were 14.75 and 11.51 respectively. Hermit crabs

were absent in other months (Table-19).

In the year 1991-1992 also hermit crabs formed the fifth important
item and were observed only in March (0.214) and November (0.06) (Table
20).

Molluses: |
| Molluses were present in very low quantities in both the years.
In 1990-1991, they were seen only in March (2.88) and October (3.89) (Table-
19) while in 1991-1992 they were seen in December (2.07) and March (0.107)

(Table-20).

Miscellaneous items:

Miscellaneous items were ranked in the third position during the
1990-1991 period with the highest index noticed in July (26.32). The other
months, December (0.82) April (3.38) and Oectober (2.77) showed low indices

of preponderance, (Table-19).



54

Miscellaneous items formed the fourth important item in E. dia-

antnus in 1991-1992. It was present in very low quantities in December

.04), March (3.214), September (0.129) October (0.517) and November
: fi18). . The other months lacked miscellaneous items in the gut contents

Pable-20).

Indices of preponderance of different food items in the different
length groups:

Values of indices of preponderance were taken as the basis of

udying the variations in food composition in different length groups.

During 1990-1991 the young [ishes showed a preference for ecrust-
eans like crabs, prawns, Squilla sp ete. The size range 81-130 mm showed
:h preference for crabs and have high ranking in the indices of prepond-
ance.  The values varied from 30.47 to 92.68. The second dominant
em in fishes of the 81-130 mm range, was hermit crabs, with the indices

f preponderance ranging from 0.85 to 75.00. The next important item

0.06 to 11.43) (Table-21).

During the 1991-1992 .eriod the most preferred food items of
Sz}young fish, was Squilla sp. The indices of preponderance varied from 49.57

to 73.88 among the fishes of the size class 81-130 mm. Prawns were

seen second in ranking with a range in the indices of preponderance of

176 to 36.83 for the fish in the size range 71-120 mm. Fish ranked



T
M Hermit

Prawns crabs

group (mm) sp.

71- 80 - - - 75.00 - - 25.00 -
81~ 90 - 30.47 7.62 41.91 7.62 11.43 - 0.95
91-100 4.20 92.31 0.35 - 1.39 - 0.70 1.05
101-110 12.01 82.02 0.25 1.66 2.49 0.37 0.83 0.37
111-120 4.38 92.68 0.06 0.88 1.13 0.06 0.06 0.75
121-130 0.21 84.94 0.21 - 9.20 - 0.42 5.02
131-140 39.44 5.63 - - 50.71 - - 4.22
141-150 - 48.00 - - 16.00 - - 36.00
151-160 - 25.45 2.73 - 43.64 - 0.90 27.28
161-170 - 24.06 - 1.08 48.13 - 0.53 26.20
171-180 - 23.08 5.77 - 63.46 - - 7.69
181-190 - 34.04 25,53 - 19.15 - 2.13 19.15
191-200 12.01 8.00 - - 32.00 - - 47.99
201-210 - - - - - - - 100.00

211-220 - 50.00 - - 50.00 - - -
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third in position with values 0.08 to 21.51 for the size range 71-130 mm.
Crabs and miscellaneous items were less important in the diet of young
‘fishes. Hermit crabs were observed in the length groups 71-80 mm (27.47),

é’81—90 mm (3.77) and 101-110 mm (0.03) only. Molluses were seen only

i;in 91-100 mm (0.01) and 121-130 mm (1.55) size groups (Table-22).

In adult fishes Squilla sp. were observed in the 131-140 mm and
%191-200 mm size groups only during 1990-1991 (Table-21). A preference
Zfor fish was shown by the fishes in the size range, 131-220 mm. As it
formed the most important food item, a corresponding reduction in the
consumption of crustaceans was noticed. Crabs showed a decrease in the
values of indices of preponderance for higher length groups, the range
of the values were 5.63 to 50.00 in the fish with a size range 131-220
‘mm. The 201-210 mm size group had only digested matter in their stomach.
The length groups 131-140 mm, and 141-150 mm lacked prawns, hermit
crabs, molluses and miscellaneous items in their gut contents and were

represented by Squilla Sp, crabs and digested matter.

During the 1991-1992 period, in  higher length groups, an equal
preference for prawns and fishes was observed (Table-22). There is
a decrease in the Squilla sp. in the higher length groups where it appears
in the stomachs of fishes of 141-150 mm (9.44), 161-170 mm (0.54), 171-
180 mm (1.02) and 191-200 mm (5.19) size groups. Crabs were a less
frequent item and the indices value ranged from 0.94 to 18.18 in the size
class 131-220 mm, except in the size class 141-150 mm which showed

a high value for crabs (50.36). The fishes in the size range 151-200 mm,



Length Squilla _ Miscellaneous

Group (mm) sp. Crabs Prawns ::{rearl;:it Fish Molluscs items giagtisetred

71- 80 - - 13.99 27.97 2.09 - 3.50 92.44
81- 99 52.24 0.88 36.83 3.77 0.08 - 0.34 5.86
91-100 55.44 0.06 24.42 - 2.20 0.01 1.74 16.13
101-110 56.32 0.26 22.82 0.03 5.50 - 0.60 14.47
111-120 73.88 0.50 1.76 - 4.89 - 0.13 18.84
121-130 49.57 0.52 - - 21.51 1.55 1.03 25.82
131-1:40 11.60 10.72 4.77 - 54.76 - 0.30 17.85
141-150 9.44 50.36 18.17 - 14.52 0.24 - 7.217
151-160 - 0.94 41.61 0.24 46.34 - 0.94 9.93
161-170 0.54 - 79.93 - 14.89 - 0.18 4.46
171-180 1.02 - 73.72 - 19.11 - - 6.15
181-190 - 3.54 58.41 - 37.17 - - .48
191-200 5.19 5.19 38.97 - 50.65 - - 9.10
201-210 - 18.18 - - 72.72 - - -

211-220 - - - - - - - 100.00
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§howed high values for prawns with the indices of preponderance ranging

?rom 41.61-79.93. The size groups 131-140 mm (4.77) and 141-150 mm

{1817) have shown low values for prawns. Hermit crabs were observed
?n 151-160 mm (0.24) group. Fish were common in higher length groups
mth high values of indices of preponderance. They ranged between 19.11
to 72.72 for the size range 131-210 mm. Molluses were absent in higher
;length groups, except 141-150 mm (0.24). Miscellaneous items were re-

Epresented in 131-140 mm (0.30), 151-160 mm (0.94) and 161-170 mm (0.18)

size groups.

6. Food items in relation to different secasons:

The percentage occurrence of different food items in different
seasons has shown the prevalence of each food item in the diet. (Figure-14)
Squilla sp occurred in very low percentages in 1990-1991 period, compared
to 1991-1992. In 1990-1991 period crabs occurred in high percentage,
November forming the peak season and in the year 1991-1992 they were
found in very low percentages. Prawns occurred in high percentages in:
1991-1992 and August formed the peak season for it. Hermit crabs and
rmolluscs occurred in low percentages in both the years. Fish were the
common food item, found in every month with May being the peak season
for it in both the .years. Misqellaneous items were not so common but
were observed in different months in low pércentages. Digested matter

was also observed in every month in high percentages.



Fig.14. SEASONAL VARIATIONS IN THE COMPOSITION OF
FOOD IN E. DIACANTHUS
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Squilla sp.

During the year 1990-1991, Squilla sp. occurred in high percentages
in November (14.15%) and October (11.29%). Low percentage of occurrence
was observed in December (7.14%). Squilla sp. was absent in March, April,

May, July and September.

In the year 1991-1992, the high percentage of occurrence for Squilla
sp. was in September (34.52%). In December (31.25), July (30.30), October
(31.92) and November (23.18) the percentage of occurrence was comparatively
high. Squilla sp occurred in low percentages in March (3.23), April (12.5)

and May (12.5). It was absent in August.

Crabs:

High percentage of occurrence was observed in November for crabs
(65.09%) in the year 1990-1991. The percentage of occurrence were 42.86,
33.33, 33.33, 33.33 and 29.03 respectively for the months December, March,
April, May and October. Crabs were absent in July, August and September

during this period.

In 1991-1992 period, the highest percentage of occurrence was
in December (18.75). The low percentages of occurrence were in March
(11.22), April (9.38), May (6.25), October (8.5) November (5.3). In July,

August and September crabs were absent in the gut contents of L. diacanthus

Prawns:

In the year 1990-1991, high percentage of occurrence of prawn
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?&S noticed in March (16.67%) while the percentages of occurrence in

rpril, September, October, and November were 8.90, 10.10 , 4.84 and 1.90

espectively. In December, March, July and August prawns were absent.

During the 1991-1992 period, high percentage of occurrence was
n August (47.06) and low percentage of occurrence was in November
97.82). In March, April, May and September prawns occurred in 41.94,
0.25, 43.75, and 32.14 percentages respectively. There were no crabs

n December, July and October.

‘Hermit crabs:

In the year 1990-1991 the percentage of ocecurrence of hermit
rabs were 21.43 in December, 22.24 in March and 20.97 in October.

n the 1991-1992 period they were 1.61 in March and 4.64 in November.

Fish occurred in all the months except July in 1990-1991.  High
percentage of occurrence was in May (66.67). In December, March, April,
eptember, October and November it occurred in 7.14, 11.11, 4.44, 40.00

. 6.45 and 15.09 percentage respectively.

High percentage of ocecurrence was in May (37.50) in the 1991-
f1992 period. The percentages of occurrence in December, March, April,

éJuly, August, September, October and November were 18.75, 14.52, 21.87,

20.00, 11.76, 5.36, 23.44 and 5.96 respectively.

f Molluses:

Molluses occurred only in March (11.11%) and October (9.68%) -

~in the year 1990-1991. Very low percentage of occurrence of molluses
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was observed in December (12.5), March (1.61) and November (9.93) in

1991-1992 and they were absent in other months.

Miscellaneous items:

During 1990-1991, miscellaneous items ocecurred in December (7.14),
: April (11.11) July (20.10) and October (9.68). July showed high percentage

of occurrence. In other months miscellaneous items were absent.

Miscellaneous items occurred in December (6.25), March (8.06),
September (1.79), October (2.128) and November (9.93) in 1991-1992 and

they were absent in other months.

- Digested matter:

Digested matter occurred in all monthsexcept, March in the 1990-
1991 period. July (87.5%) showed high percentage of occurrence.
The percentage of occurrence in December, March, April, September,

October and November were 14.29, 5.56, 42.22, 50.01, 8.06 and 3.77 res-

pectively. There was no digested matter in May.

During the year 1991-1992, highest percentage of occurrence was
in July (50%). In December, March, April, July, August, October and
November the percentage of occurrence was 12.5, 17.74, 15.63, 41.18,
26.19, 34.04 and 21.85 respectively. In May there was no digested mattér

in the gut contents.
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Food items in rélation to size groups:

In the percentage occurrence of different food items in different

- e groups, Squilla sp. was found to be the preferred food item by the

wer length groups in both the years. Similar was the case with the
abs. But prawns have shown a relative decrease in the percentages

%ﬂ lower length groups and high percentage of occurrence in higher length
g&t

%‘ﬁroups. Hermit crabs, molluses and miscellaneous items were also preferred

foccasionally by the lower length groups in both the years. Fish occurred
all the length groups in both years, low percentage of occurrence in
fthe lower length groups and high percentagé of occurrence in higher length
r:"gt‘oups. Digested atter was also common in all the length groups in

both the years (Figure-15),

&l_l illa sp.

During the year 1990-1991, Squilla sp. occurred in high percentage

in the 101-110 mm size group of the lower length groups. The length
§;groups 71-80 mm and 81-90 mm lacked Squilla sp. in their gut contents,

;while the other lower length group fish had Squilla in very low percentages.

In 1991-1992 the fish in the lower length groups showed Squilla sp. in
?high percentage of occurrence, with the highest being in the size group

“111-120 mm (41%).

Squilla sp. occurred in 131-140 mm and 191-200 mm size groups
~in 26 and 16 percentages respectively and in other length groups, Squilla

sp. were absent during the 1990-1991 period. .



big. iy,

MTAGE OCCURRENCE

PERC

IN' DIFFERENT LENGTH GROUPS

too]. DIGESTED MATTER
90}
80
70}

6O}
50

40
3o
30
t o
0

50
40}
30k
20f

MISCELLANEOUS ITEMS

o}
0
50¢
40}
3of

20 °
I OF
0

2 O{ MOLLUSCS

50r HERMIT CRABS
a0} °\\

30) \

20 \

I O} . \

0 R O

1001 pPRAWNS
S0 -

80| ©—0'DEC ‘90 ~ NOV 9}
70{: e—e DEC 91 — NOV 92
6 Of

5 0

40T

-
0 A M o S

507 SQUILLA sp.

40

30

20 P-~““'~-‘\_

1.0 f/\&// - /:j
N Y
O T I AL F A A
e a2 zonTeene 2l g

STANDARD LENGTH { mm )

PLHCLNTAGE COMPOSIIIUN OF FOOD ITEMS IN E. DIACANTINS




61

Squilla  sp. occurred in low percentages in the year 1991-1992.

| e size groups 161-170 mm, 171-180 mm and 191-200 mm showed 0.2,
, and 14 percentages respectively. Other length groups lacked Squilla

. in their gut contents.

In the year 1990-1991, Crabs occurred in high percentages in lower
Jength groups. The length groups 91-100 mm and 111-120 mm were the
@es which showed high percentage of occurrence. The percentage of

oceurrence were 64% and 65% respectively.

During 1991-1992, high percentage of occurrence was observed
in lower length groups. The length group 121-130 mm (27%) had the highest

_percentage of occurrence.

High percentage of occurrence was also noticed in higher length

oups in the year 1990-1991. The size group 211-220 mm, showed the

;highest percentage, while in the 201-210 mm size group crabs were absent.

: In the year 1991-1992, 201-210 mm size group showed high percent-
fiage (32%) in the higher length groups. Crabs were absent in the length

- groups, 161-170 mm, 171-180 mm and 211-220 mm.

“Prawns:

The percentage of occurrence of prawn was very low in lower

length groups in both the years.
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In the year 1990-1991, prawns were observed in low percentages
1 higher length groups, 151-160 mm, (5%) 171-180 mm (10%) and 181-
gO mm (29%). A high percentage of occurrence of prawns were observed
a higher length groups, 161-170 mm (70%) and 181-190 mm (68%) during

991-1992.

;iermit crabs:

Hermit ecrabs occurred in high percentages in lower length groups,

9 the size ranges 71-90 mm and 101-120 mm in the year 1990-1991.

In 1991-1992 period, hermit crabs occurred in 81-90 mm and 101-

11 mm in the lower length groups.

In higher length groups hermit crabs occurred in 161-170 mm in

1990-1991 and in 151-160 mm in the year 1991-1992.

Molluses:

A Molluses occurred in very low percentages in both the years.
In 1990-1991, it was observed in 81-90 mm and 111-120 mm in lower length

groups, while in 1991-1992, molluses occurred in 91-100 mm and 121-130 mm.

In higher length groups, molluses oceurred only in 161-170 mm

;ize group in the year 1990-1991 and 141-150 mm only in 1991-1992.

Fish;
Fish occurred in all the length groups in both the years, low per-

icentage of occurrence in lower length groups and high percentage of

goccurrence in higher length groups.
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In 1990-1991 period, the high percentage of ocecurrence in lower

Eength groups was in 121-130 mm (15%).In 1991-1992,71-80 mm (20%) was

Ehe size group which showed high percentage of occurrence in lower length

;roups.

4 In higher length groups, the high percentage of occurrence was
En 211-220 mm size in 1990-1991 while the size group 201-210 mm lacked
hsh in their stomach contents. In the '91-'92 period, high percentage
of occurrence was in the size group 191-200 mm (42%) while the 211-220

mm size group lacked fish in their gut contents.

Miscellaneous items:

Miscellaneous items were common in lower length groups in both
ihe years. Miscellaneous items occurred in low percentages in lower length
groups during 1990-1991. In 1991-1992, high percentage of occurrence

%as in 71-80 mm (20%) size group amongest lower length groups.

In higher length groups miscellaneous items were present in 141-
150 mm (20%) and 151-160 mm (0.7%) size groups in the year 1990-1991.
While in the year 1991-1992 miscellaneous items occurred in very low per-

eentage in higher length groups.

Digested Matter:

Digested matter occurred in low percentages in lower length groups,

and high percentages in higher length groups.  Highest percentage of
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[ occurrence was in the201-210 mm (100%) size group in the year 1990-

In the year 1991-1992, there was aslight increase in the percentage
occurrence of digested matter with the increase in length, in the lower
ngth groups. In higher length groups there was a decline in the percentage
occurrence. The size group 191-200 mm lacked digested matter in
heir gut contents.  But the 201-210 mm size group showed an increase

the percentage. The maximum was seenin the 211-220 mm(100%) size
%‘oup.
8. Food and feeding habits in relation to sex:

Among the 731 fish examined, 692 were females and 39 were

;

Eﬁlales. There were no marked differences between the food of males

;ﬁnd females.

59 Feeding Habits:

Groupers are characteristically robust build, with large mouth ,
"«%numel'ous depressible inner teeth, and usually a few stout fixed canines
un the jaws. The canines are largest towards the symphasis of jaws and
;are in two series in each row. The outer series consists of a single row
L,efeﬂlar'ged canines and the inner jaw, of a band of smaller caniniform
i;’teeth. ~ Caniniform teeth are variously developed on the vomer. palatines,
;premaxillae, dentaries and branchial bones. The canines are hinged, and

yield to backward pressure, but snap into locked position when pushed
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?‘owardk the mouth opening - clearly an adaptation to retain living, moving

During the examination of stomach contents, certain interesting
observations were also made on the feeding habits. It was observed that
the fish mostly preyed upon whole organisms. The common items that
%;Zwere found whole in the stomachs were Squilla sp., prawns, crabs, hermit
tfcrabs, molluses, and fishes like Stolephorous sp., leognathids, nemipterids,
;éyanoglossids etc. Rarely fish bones, scales, sand particles, half digested
;cephalopods, pieces of cuttle bones, ecrushed molluscan shells ete. were

_also met with in the gut contents.

In E. diacanthus, it was observed that, the head and tail portions
of prawns and Squilla sp. were directed towards the anterior end. No
other food item showed this type of orientation in the stomach. In some
cases, the gut contents of certain fishes lacked head portion of prawns
gand these head portions were observed in the stomach of other fishes
;in the same catch. Once or twice planktonic orgamisms like mysis larvae,
;jlucifer etc. were seen in very low quantities. One Albunia sp. and one
~berried crab were also met with in the gut contents. From the nature
.of the stomach contents, it may be inferred that, the fish mainly feed

on the bottom, on the actively moving crustaceans and fishes.

3.4 DISCUSSION

Epinephelus diacanthus is a demersal fish in the south west coast

of India, which prefers to life on rocky habitats and as such they are
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e dant in the Wadge Bank, Quilon Bank and Gulf of Mannar. Here the
bottom is mostly rocky with outcrops of rocks forming ideal habitats

groupers.

Investigation on the food and feeding of larger size group fishes

E. diacanthus, E. chlorostigma and E. bleekeri obtained from hook and

have not been found successful, as the stomachs in most of the fish
:,ught up from the depths were everted, or the contents of the stomach
ére spewed out when the fish were removed from the hooks. Reguritating
e food and everting of stomachs during hauling up is common in demersal
shes. Eversion of stomach and disgorging its contents had been observed
gadoides by Menon (1950). According to Fairbridge (1951) a large propor-
on of flat head disgorge their stomach contents when they are brought

surface. Mohamed (1955) observed that Sciaena diacanthus and Otolithus

bber showed extroverted stomachs while Polydactylus indicus taken from

e same place in the same haul didn't show disgorging of the food and
the extroversion of the stomachs. Job (1940) mentioned that live specimens
éwhen suddenly thrown in to perserving fluid very often vomit the food
;materials in the stomach. Tandon (1960) observed that the absence of

food in the stomachs of 'Choo Parai', Seleroides leptolepis was not due

to any regurgitation when hauled up but due to the difference in the
time of catching as the fish showed indications of the cessation of feeding
during night.  The probable causes for the extraoversion and disgorging

of the stomach contents were described by Rao (1963) in ghol, Pseudosciaena

- diacanthus.  Silas (1969) also observed everted stomachs in Epinephelus

 sp. According to Randall (1960) physoclistic fishes from the deep water
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Bay be expected to have the stomach fully everted into the mouth.

Groupers form the most important carnivorous fishes of coral
fs feeding mainly on crustaceans and fishes (Smith, 1961; Thompsun
d Munro, 1978). The qualitative and quantitative analysis of gut contents
ve shown that crustaceans and fishes were the most preferred food item
E. diacanthus. During 1990-1991 crabs ranked first and in 1991-1992
quilla sp caime in first position in the ranking by indices of preponderance.
'he lower length groups (immature) have a preference for crustaceans

;hile the higher length groups (mature) preferred fish the most as has

seasons taken, fish and crabs came in first and second position respectively
the ranking. The percentage occurrence of food items in different
asons revealed that E. diacanthus didn't show any season wise selectivity
r specificity in feeding. The percentage occurrence of food item in differ-

nt length groups has shown that the higher length groups prefer fishes
to crustaceans.
' L 4

From the information obtained fromm the fishermen, the trawlnet
operation and hook and line operation were in the day time only and thus
;;,the materials collected belonged to the day ecateh. The different food
items obtained from the stomach indicate that it is a bottom feeder, feeding
mainly on the active mobile crustaceans like Squilla sp., crabs, prawns
and fishes. When the intestinal contents of the larger length group fishes
which showed everted stomachs were examined, apart from the digested

food, remnants of fish, crustaceans skeletons and calcarious matters were .

also met with.
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The feeding intensity in I. diacanthus doesn't show much increase
with increasing size. The feeding intensity however was found to increase

as the fish advanced to maturity, as in Gasterosteus aculeatus (Hynes,

1950) and in Nemipterus japonicus (Krishnamoorthi, 1972). Menzel (1960)

has showed that the feeding efficiency and growth rate of E. guttatus
decreases with increase in size, however the rate of food intake also de-
creases with age. He also found that there is an increase in weight gain
and the amount of food taken with an increase in temperature and this
~indicates faster growth among ‘the caribbean population compared with

those of Florida and Bermuda.

Randall (1967) observed that groupers fed both day and night,
but more actively at dawn and dusk while smaller serranids were dirunal.
But the diurnal groupers in Tahitian water may not feed usually on bright
moon lit nights (Randall 1960). Silas (1969) reported that the Kalava would
stop biting after dusk. Starek and Davis (1966) have found that the groupers
at  Alligator reef showed peak feeding activity at Crepuscular periods.

Hobson (1965) noted that Myecteroperca rosacea exhibited maximum feeding

activity at dawn and dusk and E. labriformis only during the day. Hobson
(1968) also suggested that E. labriformis feeds mainly on fishes during
the day and on crustaceans at night. Randall and Brock (1960) noticed
that crepuscular periods are correlated with greatest feeding activity but
more full stomachs were observed after daw'n than after dusk. Collette
and Talbot (1972) reported that E. guttatus was active during crepuscular

‘and day light hours. Bardach and Mowbray (1955) suggested that most
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groupers are day feeders since they first locate their prey by smell but

sight takes over before feeding commences.

As Smith (1961) observed in other groupers, E. diacanthus also
swallows its food without chewing it and so it was fairly easy to identify
the organisms present in the stomach. The large eyes of the fish is an
indication that the fish feeds by sight. Job (1940) observed that even
the disposition of the mouth of perches like E. tauvina is more suited
for browsing and pecking off food from the ground. The fish opens its
mouth and dilates the gill covers rapidly draw in a current of water and
literally inhales the food (Smith, 1961). Some fishes change the composition
of the diet as they grows in size as has been observed by Hynes (1950)
and Rao and Rao (1957). In E. diacanthus also the nature of the food
components is size dependent. The lower length group fish showed a pre-
ference for crustaceans while the higher length groups preferred fishes
as primary constituent of food. Allen (1935) found that the summer food
of perch changes with the size of the fish. Randall (1965) observed that
in predatory species, crustaceans were eaten by the small fishes, and as
the fish grows, fishes become progressively more important as potential

food organisms.

In Tahitian waters E. merra prefer crustaceans and fishes as their
major food items (Randall, 1969). Menzel (1960) observed that ecrustaceans

were the major food components in E. guttatus from Berinuda. Randall

(1967) mentioned the food of E. striatus as crustaceans. E. striatus from
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the virgin islands and Puerto Rico also fed more upon fish and less on
crustaceans (Randall, 1965). He also observed in E. striatus the tendency
of larger length group fish to eat more of fish. Thompsun and Munro

(1978) reported that E. guttatus feeds on small grunts (Haemulon aurolineatum

and H. melanurum), crabs (small Mithrax spp) and Seyllarid lobsters. Randall
?(1967) studied the food habits of reef fishes of West Indies and discussed
the food habits of five species of Epinephelus. In E. adscensionis and E.
guttatus crabs formed the primary food item and in E. itajara spiny lobsters
formed the primary the primary food item. Curstaceans and fishes were
the most preferred item by E. morio. Fishes formed the primary food
component in the case of E. striatus. Premalatha (1989) studied the food

habits of E. aereolatus, E. chlorostigma, E. bleckeri and I. diacanthus

and reported that the diet composition of E. areolatus was mainly small

;crustacean and molluses.  E. chlorostigma fed mainly upon crustaceans.

;;;Remnants of ostracods, fish scales and cuttle bones were also met with

in them. In E. diacanthus red calcarious matters and shell fragments
ere common. In general she observed that the rock cods inhabiting the
ugh-bottom are carnivorous and active predators feeding mainly on crusta-

ans, cephalopods and fishes.

In the present study. there was no sex-wise difference in the food
d feeding habits of E. diacanthus. A good number of empty stomachs
ere also met within the fish. Maximum number of empty stomachs were
oticed in November during the 1990-'91 period and September and October
the year 1991-'92. The frequent occurrence of empty stomachs or

fBlomachs with little food contents in this case may probably be dependent °
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on the ratio between the size of the fish and size of the prey as reported

by Allen (1935) for the perch, Perca fluviatitis. When the fish feeds on

smaller organisms, they require a number of them and hence the necessity
to feed constantly so that their stomachs will be rarely empty. When
the prey is larger the fishes obtain enough food quickly and there may

be some interval between the consecutive feeds.



CHAPTER 4



REPRODUCTIVE BIOLOGY

4.1. INTRODUCTION

Studies on the reproductive biology of fish are useful to arrive
at a better understanding of the annual regeneration of their stocks.
Reproductive parameters such as size at first maturity, spawning season,
spawning frequency, fecundity and recruitment are of great value in fishery

predictions and formulation of management measures.

Groupers are well known for their protogynous hermaphroditism
(Smith, 1959, 1961, 1965, 1971) a condition that is derived from synchronous
hermaphroditism of other serranids of the subfamily serraninae (Smith,

1965). According to Atz (1964) nermapnroditism is the presence of recogni-
 guble ovarian and testicular tissue in a single individual. e described
that normal hermaphroditism exists, in a uniform way, at sometime during
the ontogeny of all or many members of a species. Functional herma-
phroditism is the hermaphroditism in whieh the individual functions both
as male and female during its life time. In synchronous hermaphroditism
the individual is eapablé of functioning as male and female at the same
time. Here the ripe eggs and sperms develop in the gonad or gonads
simultaneously. Protandrous hermaphroditism is the condition in which
the individual functions first as male aﬁd later in life as a female. But
in protogynous hermaphroditism .the individual functions first as a female

and later in life as a male.
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Atz (1964) also described intersexuality as the presence of both
male and female characteristics or of intermediate sexual characteristics,
in a single individual. All hermaphrodites are intersexes, but some inter-
sexes are not hermaphrodites. Gonochorism is the existence of one sex,
either male or female, in the individual. Sex reversal is the change from
one sex to another, that is from the possession of recognizable ovarian
tissue to that of testicular tissue, or vice versa. Sex inversion is the
aquisition by an individual belonging to one sex of characteristies similar
to those of the opposite sex, but not including recognizable gonadal tissue

of that sex.

Sex reversal is wide spread in a number of tropical fishes including
~the families labridae, scardiae and serranidae. The general types of herma-
; phroditism in the serranidae have been shown to be a useful systematic
~character. llermapbroditism is found in at least 18 familics of telenst
~ fishes scattered throughout five orders (Atz, 1964) and is also wide spread

~among the invertcbrates (Ghiselin, 1969).

The phenomenon hermaphroditism has been observed by many
workers. Dean (1923) and Herbert (1932) observed hermaphroditisin in
f teratological condition, Lavenda (1949) found protogynous hermaphroditism

in Centropristes  striatus, Spurway (1957) discribed first functional herma-

- phroditism resulting in self-fertilization in a viviparous fish  Lebistes
: reticulatus, and Clark (1959) reported the self fertilization in Serranus
subligarius. Smith (1959) described synchronous hermaphiroditisin  in four

‘Bermuda species of the subfamily serraninae. He put the members of
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the subfamily Epinephelinae under proterogynous on the basis of the follow-
ing evidence (1) no males were found in the smaller- sized groups (2) males.
appeared among medium-sized fish and the proportion increased among
the higher-sized classes until the larger sized groups were exclusively
males and (3) regressive oocytes were found in the testes of functional
males.  Smith (1959) has also suggested that more than one spawning
season is passed in the female phase before changing sex. Liem (1963)

described that in Monopterus albus every individual starts its reproductive

cycle as a functional female and that males are produced only by sex
reversal. He also found that individuals of intermediate age and length
possess ovotestes. MecEarlean and Smith (1964) suggested that the gag,

Mycteroperca microlepis mature as females during their fifth or six