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General introduction

1.1. Introduction

Aquatic environment provides numerous resources that support human
life in different ways. Food remains the basic need of humankind for
survival. Organisms of all the trophic levels are available in aquatic
system. Those of second, third and higher trophic levels are known to
be rich in protein in terms of quantity and quality, particularly in eight
essential amino acids required by man (Burton, 1965).That gave the
aquatic system its potentiality to produce high quality food which 6an
fulfill human demands. Ever since man realized how to obtain his food
from sea, the importance of the seafood increased significantly.
Traditionally fish has been cheaper than meat. It is a source of cheap
and nutritious food besides being a major foreign exchange earner.
Approximately 363,000 million tunes of organic material are produced in
the world oceans each year (Weihaupt, 1979) but only a small fraction of

this is recovered by way of fisheries for direct consumption.

Out of the entire aquatic organisms that are used as a food, man is
interested in the tertiary production (fish in particular) for several
reasons. it provides protein-rich food for millions all over the world,
which can be expected to help in correcting the state of malnutrition
when it is consumed in sufficient quantities. It has other commercial

uses as animal food, raw materials (Bond, 1979) and source of drugs



and pharmaceuticals (Pandey and Shukla, 2005). Fish oil has more
polyunsaturated fatty acids, which is beneficial in Iowering' the
cholesterol level of blood and probably reduces risk of heart attacks
(Stansby, 1985). Hence, fish has a very special consideration in human
civilization from-time immemorial. Growing of the awareness of the fish
nutritional values brought it to the fore to be one of the most important

diets to be served on table.

The food demands are increasing constantly because the population of
the earth is growing ali time». To meet this demand we not only required
to increase the food production but also use them in a sustainable
manner. The exploitation of wild stocks of aquatic organisms has
increased considerably to meet this demand. The fish production has
reached a ‘plateau and no further increase from coastal water is
possible. The scope for increasing fish production from marine sources
now lies in‘ the deep sea and far off néar fishing areas. As wild
populations have been exploited to their maximum limits leading to over
fishing, attention naturally turns to fish farming or aquaculture. Such

culture can be very efficient way to produce protein food (Odum, 1996).

Fisheries have evolved rather parallel to agricultural farming in the
history of human civilization. The world fisheries have changed rapidly
during the last few decades. New technology, creation of Exclusive
Economic Zone (EEZ) and the1982 UN Convention on the Law Of the
Sea (UNCLOS) and other developments .have brought about drastic

changes in the management of fisheries and resulted in enhanced



access and significant expansion of effort and production. From onl'y 20
million tones in 1950s, world fisheries production grew to 112 miltion
tones in 1995 (Ahmed et al., 1999b). Indian total fish production remains

around 6.18 million tones (Das and Mishra, 2006)

Modern fisheries science has emerged as a result of a very beautiful
blending of many basic sciences such as biology, ecology, hydrology,
meteorology, pathology, economics, and commerce and so on. The
common aim of these all is the fish as food for humankind (Srivastava,
1999). This need was felt only in the last few decades of the nineteenth
century when we started understanding our limitations in the exploitation
of the avail‘able natural fish resources. Looking at the pressure of
unemployment currently faced by many countries of the world, fishery
can play an important role in the rural economy. It can provide immense
job-potential to unskilled rural population. Indian fisheries sector today
provides employment to over 11 million people, directly or indirectly.
Ahother great role is in the alleviation of the suffering of the malnutrition
among the poor countries of the world. Fisheries can play important role

in this case as well.

A large porfion of fish production in the last two decades came from
aquaculture and culture based fisheries. According to FAQO (1997), in a
number of Asian countries such as China, India and Bangladesh,
cultured fish and aquatic products represent between 25 % and 50 %, of
total national fisheries production. Aquaculture today has come to mean ‘

controlled production; controls at different levels and various levels or



types of manipulation of fin fish in terms of quantity and quality, with
reasonable prices. Aquaculture has emerged as a major frontier of fish

production in the developing countries both for domestic consumption

and for export (Nammalwar, 1997).

Augmentation of finfish production in India can be achieved by carrying
out aguaculture on scientific basis such as understanding of the
interaction of various environmental parameters in the culture system,
influence of water quality: temperature, salinity, pH, dissolved oxygen
...etc on the candidate species cultured; habitat productivity and seed
stock availability in space and time. Information on many biological
aspects of the fish such as food and feeding habits, reproductive cycle,
maturation and spawning period, fécundity, behavior, growth rate,
population dynamics and so on are also required to manage wild stock

and in the culture practices.

The exploitation of fisheries resources in Indian Ocean has exceeded
the natural réte of renewal, resulﬁng in over fishing (Ansari et al., 2006).
In such situation, the conservation and fishery management became the
need of the hour. Fishery management is the mechanism required to
stimulate, control and regulate developmental processes in fisheries; so
as to ensure proper and balanced utilization of various fisheries
resources and to provide the maximum benefit without causing damage

to the resources and the environment (Sivasubramanian, 1999).



Any scientist concerned with any aspect of the fisheries should
understand the fish feeding activity, which is the dominant activity of any
animal’s entire life. This understanding would help to improve the fish
catch. Furthermore knowing how food is a limiting factor and how it may
~ be divided-among competing animals for culture help to develop a
rational method of exploiting a population. Study on the nutritional
requiremen.ts is also helpful in aquaculture in order to obtain the best

growth at least period (Royce, 1972).

Many aspect; of the reproductive process are commonly used either to
catch the fish easily or to protect them if they are unduly vulnerable. The
great fluctuation in the abundance of fish due to failure of the young to
survival can also be explained. It is essential and needed prior to the
measures adopted for conservation and propagation of a particular fish
species. Knowledge of spawning period is one of the most important
requisites in fishery management and its rational exploitation. Fecundity
of a species is defined as the number of eggs released by an individual
fish during a spawning season. It can be used to assess the

reproductive potential of a population

Age and growth, length-weight relationship and condition factor data are
valuable in describing the general life history of fish. They are more
valuable from a management viewpoint, when they can be compared
with similar data from other population (Carlander, 1969). Growth varies
with sex, age, condition factor and number of biotic and abiotic factors.

The main objectives of age and growth determination are, to find out the




year classes which support the fishery, to estimate the mortality rate and
to assess the recuperation of a given stock under natural or exploited

condition (Bal and Rao, 1984).

The biochemical constituents of 'any fish species denote its nutritional
and energy status. The biochemical composition varies from species to
species, within the saﬁe species and within the same iﬁdividual.
Knowiedge on the biochemical bhanges of the fish is essential for
understanding of the metabolism of different pbpulations for providing én
estimation of the energy content and for understanding the biochemical

circulation of elements.

India is located between 8° 4 and 37° 6 north latitudes, and 67° 7’ and
97° 25 east lorigitudes. It has a coastal line of 8129 km, comprising
estuaries, creeks, lagoons, swamps and mudflats, which have to be
utilized for culture of different species of shellfish as well as finfish. In
addition to prawns the important cultivable species of fin fishes from
estuaries, brackish waters, backwaters and coastal waters of India are:
Milk fish, éhanos chanos, grey mullets, Mugil cephalus, Liza spp,
pearlspbt, Etroplus suratensis, Sandwhiting, S. sihama, Rabbit fish,
Siganus javus, S.canaliculates, Sea bream, Lethrenus spp, Sea bass,
lates calcarifer, Grouper, Epinephelus tauvina, E. hexagonatus and Red
snapper, Lutjanus spp. Their abundance and seed resource availability.

in different seasons have been reported (Tampi, 1968).



Goa with about 105 km long coastline has vast resources of marine
shelifish and finfish (Ansari, 2004). Fish is a protein rich food and for the
state of Goa it assumes special significance as it forms one of the chief

components in the diet of 90 % of the population.

The family Sillaginidae (Whitings) is a highly esteemed food fish in
Indian waters from Hooghly River in the East Coast to Goa on the West
Coast (Sujatha, 1987). Thirty-one species belonging to three genera
v(two of which are monotypic) are recognized by McKay (1992).Out of
these, 11 species of the family Sillaginidae recorded in India. S. sihama
is the most dominant species. It forms one of the most important fishes,
which command high price in different states of the country. It inhabits
estuaries and coastal waters, feeding on benthic organisms particularly
crustacean and polychaetes. Its euryhalinity, fast growth and seed
abundance make it ideal for coastal marine aquaculture (Ramamurthy &
Dhulkhed, 1975, Bal and Rao, 1984 and Jayasankar, 1991).
Furthermore, in recent past, many expériments conducted in coastal
ponds and pens indicated that this species can be successfully cultured
along with many suitable species of Milk fish, Grey muliets, Rabbit
fishes, Pearl spot and prawns (Rémamurthy et al., 1978; James et al.,

1984b; Nammalwar, 1997).

S. sihama is considered a highly esteemed fish in Goa, due to which it
commands high price in the local market. Despite its food value, local
demand and fast growth no attempt has been made to study the general

biology and culture potential of S. sihama from Goa waters. For this



reason, S. sihama was selected to study its ecology, biology and

fisheries in one of the main estuaries of Goa (Zuari Estuary).
~ 1.2. Literature review

Severél studies have been made on differént species of the family
Sillaginidae. Celand (1947) studied the economic biology of S. ciliate
from the Australian waters. Age and rate of growth of S. sihama were
determined in Japanese waters by Mio (1965). Larvae of Stolephorus
spp. and S. sihama were collected during the 'survey of larvae and
juvenile conducted in the coastal waters off the northwestern of Taiwan
by Chan et al. (1985). Seasonal changes of the species components of
several fishes including S. sihama has also been reported from

Manpeng Island, Taiwan by Lin et al. (2000).

The commonest fish species including S. sihama and the ecological role
of mangrove ecosystems in the capture fisheries of Gazan creek, Kenya
was recorded by Ntiba et al. (1993). Study has been conducted by Koike
and Inada (1995) in Japan in which the characteristic patterns of

different species including S. sihama has been reported.

The analysis of bilateral characters of two marine teleosts fishes,
Saurida undosquamis and S. sihama collected from the Red sea coast
of Yemen by Al-Hassan and Shwafi, (1997) has been reported.
Distribution.and variation of eggs and larvae of S. sihama were reported
from Bohai Sea, China by Jiang et al. (1988; 1998). In Philippine S.

sihama has been reported as the second most abundant species after



Ambassiss ‘spp. (Kato et al, 1996; Kohno et al., 1999). Relative
abundance of juveniles and sub adults of finfish including S. sihama in
Korangi creek, Sindh creek and back waters and Hor lagoon, Pakistan
was reported by Ahmed and Abbas (1999); Ahmed et al. (1999a); Ayub

and Ahmed (2001).

The food and feeding habits and feeding structure of the sandwhiting S.
sihama and S. analis from Srille North Queensiand, Australia has been
studied by Gunn and Milward (1985). Food and feeding habits and diet
of S. sihama, a species whose juvenile occur regularly in Kwazulu;NataI |
estuaries was investigated by Weerts, ef al. (1997). Reports available on
the reproduction of S. sihama are very limited. The spawning of S.
sihama cultivated in the laboratory was studied by Kuma and Nakamura
(1978). This record indicated that the spawning may occur in almost
equal frequency irrespective of the spawner's size. Total amount of eggs
laid during spawning period; however, seems to be dependent primarily

on the size or age of female.
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Among the family Sillaginidae, S. sihama is the most dominant species
in Indian waters. This species form minor but commercially important
fisheries along the Indian coast. There were no comprehensive studies
made on the general biology and fisheries of the Indian sandwhiting S.

sihama except for few reports.

Estuarine ecosystems are very productive because they receive a high

input of nutrients from the river and adjacent land. One of the important



roles of the estuaries is to provide a nursery ground for the young ones
of many aquatic organisms. A significant contribution has been made on
the studies of physico-chemical and biological characteristics of
Estuarine eéosystem of Goa, particularly Zuari estuary (Dehadrai, 1970;
Bhargava et al.,, 1973, Parulekar et al., 1973; Parulekar and Dwivedi,
1974; Gangadhara Rao et al., 1976; Rao 1977, Parulekar et al., 1980;
De Souza ef al, 1981, Qasim and Gupta, 1981; Devassy, 1983; De
Souza and Gupta, 1986; Ansari, 1988; Ingole and Parulekar, 1998,
Sarma ef al., 2001). The Seasonal variability in the physico-chemical
features, zooplankton standing stock and faunal composition-in the
Mandovi-Zuari estuarine system were studied by Padmavati and
Goswami (1996). An attempt to evaluate the interrelationship between
various parameters and fole of salinity and mixing on phytoplank'ton.
biomass and diversity, have been made by Krishna Kumari and John

(2003).

The earliest attempts on the biology of Indian sandwhiting S. sihama
around Mandapam and Rameswaram lIsland in the Gulf of Mannar and
Palk Bay have been made by Radhakrishnan (1957). In this study
various biological aspects such as relationship of body measurements to
total length, age and rate of growth, food and feeding habits,
reproduction and fishery and fishing methods were discussed.
Krishnamurthy énd Kaliyamurthy (1978) have studied the age and

growth of S. sihama from Pulicat Lake with observations on its biology

and fisheries.
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Poor information available on the morphometry and interrelationship
between various body measurements in S. sihama. The available
references in this aspect were reported by Radhakrishnan (1957);

Jayasankar (1991b) and Reddy (1991).

The importance of the study of food and fleeding habits, to evaluate the
ecological role of the fish species has been emphasized by many
workers. A few scientists have dealt with the aspect of food composition
and feeding habits of Sillaginids in India. Chacko et al. (1953) studied
the food and feeding habits of S. sihama in Pulicét Lake; Chacko and
Srinivasan (1954) reported the feeding habits of S. sihama inhibiting the
Vansanthara Estuary. Chacko (1949) gave a de‘tailed account of the
food of S. sihama in Korapusha Estuary, Kerela. Palekar and Bal (1959)
recorded the food and feeding habits of S. sihama inhibiting Karwar
coast. Krishnamurthy (1969) reported that the polychaete formed the
dominant items of the food of S. sihama from Pulicat Lake. A study on
- the food and feeding habits of the sandwhiting S. sihama from
Nethravati Estuary, by Gowda ef al. (1988a) revealed that the main food

of this fish consists of crustacean and polychaete.

The study of reproductive biology is essential and needed for the
conservation and propagation of a particular fish species. There has
been very little work carried out on the reproduction of S. sihama.
Palekar and Bal (1961) studied the maturation, spawning season,
fchndity and age at first maturity of the Indian whiting S. sihama from

Karwar waters. James ef al. (1976) made an attempt on the induced
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breeding and cultural possibilities of S. sihama in brackish water of south
Kanara. Gowda et al. (1988b) has been worked on growth, and condition
factor and sexuality of S. siharha. Studies of the eggs and early larvae of
the sandwhiting’S. sihama from Mandapam waters were carried out by
Bensam (1990). Fecundity of sandwhiting S. sihama from Karwar waters
related to total length, body weight of fish and weight of ovary was
recorded by Reddy, (1991). Jayasankar (1991b) reported the Sillaginid

fishes of Palk Bay and Guif of Mannar with an account on the maturation

and spawning.

There are only few attempts made on the determination of the age and
growth rate of the species S. sihama in India. Radhakrishnan (1954;
1957) attempted to study the possibility of age determination by the
study of otolith of tropical fish. Reddy and Neelakantan (1992.) used the
length frequency distribution to.ascertain the age and growth of this
species from Karwar waters. Gowda ef al. (1988b) studied the growth,

condition factor and sexuality of Indian sandwhiting S. sihama.

Information available on the length-weight relationship and condition
~ factor of S. sihama was limited to Gowda et al. (1988b), Jayésankar
(1991a), and Reddy (1991). Recently, Annappaswamy et al. (2004) have
studied the length—weight relationship of the sandwhiting S. sihama in

Mulki estuary, Mangalore.
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Studies qn the biochemical composition and nutritional values of fishes
from Indian waters have been carried out by many workers. The earlier
studies dealt with the proximate biochemical composition of several
teleost fishes were by Basu and De (1938); Chari (1948); Nair (1965);
Parulekar and Pal (1969); Raja (1969). The study was also carried out
during recent years (Bumb, 1992; Rattan, 1994; Antony and Antony,
2001; Kosygin et al., 2001; Das and sahu, 2001; Shekhar et al. 2004).
There is no infbrmation available on the biochemical composition of S.

sihama from: Indian coast.

study of the seed resource of the Indian sandwhiting S. sihama in Indian
waters was made by Mohan (1980); Sudarshan and Neelakantan
(1980); James ef al. (1984a; 1984b); Kaliyamurthy (1984);
Ramamohana et al. (1984); Bensam (1987) and Reddy and Shanbhogu

(1990).

The suitability of S. sihama for culture in both brackish and fresh waters
was recorded by Ramamurthy and Dhulkhed (1975), James et al.
(1976), Dhulkhed and Ramamurthy (1977), Kaliyamurthy et al. (1977)

and Joseph (1980).

Salient features of taxonomic value are mentioned, along with
comparison and contrast with similar stages of allied species described.
The nature of the seed ground and availability and abundances around
Calicut area (Kerela) have been described qualitatively and

quantitativély by Lazarus .and Nandakumaran (1988). Of cultivable
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Planktonic eggs and early larvae of S. sihama have been-identified from
Mandapam, based on similarities in the ripe ovarian eggs as well as

other characters; by Bensam (1990).

From the foregoing accounts it is very clear that there is a paucity of
detailed information on the fishery biology of S. sihama in general and
Goa in particular. Considering its food value and preference by the local
people a problem on the ecobiology and fisheries of S. sihama of Goa
coast was selected for the present sfudy. The study was aimed to
improve our understanding of different aspects of biological featu'res in
relation to ecobiological parameters. Additional information on edibility
and nutritional value and culture possibilities of S. sihama in the brackish

waters of Goa has been discussed.
Objectives:

1. To study the morphometrics relations of an economically

important species S. sihama.

2. To study the ecobiology of this species, for the fishery

management and culture possibilities.

3. To study the dynamics of proximate biochemical

constituent to elucidate its nutritional status.
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1.3. Systematic Position

Perch- like fishes are all thé more typical or less specialized bony'ﬁshes. '
Most have two dorsal fins, which may or may not be united at least
basally. The ventral have not more than six rays and are usually,
although not always, thoracic. There is no weberian apparatus. All these

characters place this fish .....................................order perciformes

Fins with spines. Ventral thoracic with 1 spine and not more than 5 rays.
Caudal rays do not overlap hyporal. Second infréorbital not united with

preopercula ... SETURRTRTUUIRTI suborder percoidei

Body elongate, slightly compressed, tapering from middle of spinous
dorsal fin to head and tail. Head conical, pointed, tapering with small
terminal or slightly inferior mouth. Percle with a small, sharp spine; small
villiform teeth on roof of mouth restricted to anterior part of vomer, none

on palatines. end of upper jaw slides below preorbital bone.

Two separat‘e dorsal fins; the first with 9 to 12 slender spines, its origin
above middle of pectoral fin; the second with 1 spine and 16 to 26 rays,
its base about twice that of fist dorsal fin. Pelvic fin origin slightly behind
origin of pectoral fin; anal fin with two weak spines; caudal emerginate. ‘
Lateral line slightly arched; small ctenoid scales covering the body,
cheek and top of the head. Swim bladder absent, poorly developed or
highly complex, with anterior and lateral extensions and tapered

posteriorly to form 1 or 2 slender extensions that project well into the
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caudal regiqn. Colour is silvery grey or green, sometime with black spots

vveeennn.. .. family Siliaginidae
1.3.1 Key to genera of Sillaginidae

Snout and head not depressed; second dorsal spine not elongate; eyes -
normal, 17 to 22 % of head length; swim bladder present.

e Slllago

Snout and head greatly depressed; second dorsal spine very elongate;
eyes small, 3 to 11 of head length, and almost covered by adipose

tissue; swim bladder vestigial or absent. ..........................Sillaginopsis

Snout and head not depressed; second dorsal spine not elongate; eyes
normal; swim bladder present, lateral line scales 129-147

veveen.....Sillaginodes

1.3.2 Distinctive characters of species Sillago sihama

Body elongated, snout pointed, upper head profile slightly convex;
mouth small, terminal, villiform teeth present in jaws and on vomer; 2 or
3 (usually 2) series of scales; on cheeks; a small, sharp spines on
opercle; gill rakers on lower limb of first arch 7 to 9. First dorsal fin higher
‘than second and with 11 weak spines; second dorsal fin with 1spine and
20 to 23 soft rays; anal fin with 2 spines and 21 to 23 soft rays. Lateral
line with 50 to 84 scales; 5 to 6 scale rows above lateral line and 9 to 10

below the lateral line. Swim bladder with 2 postcoelomic extensions.
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Colour: back light brown, lower ventral flanks and belly whitish to silvery,

without dark blotches. Both dorsal and caudal fins dusky, other fins pale.
1.3.3. Synonyms

Ather‘ina sihama Forsskal, 1775

Pltycephalus sihama Bloch and Schneide, 1801
Sillago ac&ta, Cuvier, 1817

Sillago sihama, Ruppell, 1827

Sillago erythraea, Cuvier, 1829

Sillago malabarica, Cantor, 1849

Sillago sihama, Day, 1889
1.3.4. Name

English: Sandwhiting or ladyfish.

Local (Konkani): Muddosi

The name of the species "sihama" was given by the Swedish scientist
Reter Forsskal, who did the taxonomical classification of animals of
Arabia Felix (Happy Arabia, today’s Yemen, Red Sea region) and used
the Arabic names as a species names. This name was taken from the

Arabic word “sahma", which means arrow.
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1.3.5. Classification
Kingdom: Animalia
Phylum: éhordata
Subphylum: Vertebrata
Superphylum: Osteichthyes
Class: Actinopterygii
Subc}ass: Neopterygii
Superorder: Acanthopterygii
Order: Perciformes
Suborder: Percoidei
Family: Sillaginidae
Genus: Sillago

Sepices: sihama
1.4. Geographical Distribution

Most of the species are tropical, but some species occur in the
temperate water of southern Australia and northeastern Aéia (Hayward,
1997). The family Sillaginidae has a wide distribution in the Indo-Pacific
region, (Day, 1889; Weber and Beaufort, 1931; McKay, 1992) reported
occurrence of Sillaginids in the western part of the Indo-pacific region
from Red sea, to coast of Africa, Madagascar through India to coasts of

China, Japan, Philippines, Indo-Australian Archipelago and Australia to

18



‘Bougainville islénds. Cleland (1947) reported S. ciliata from the

Australian waters.

S. sihama reported as a new species for Mediterranean, Labenon coast
(M_o_uneimne, 1977) and Turkish water (Quncu et al., 1994). S. sihama
has also reported in coast of Africa (Ntiba et al., 1993), coasts of China
(Jiang et al., 1988), Japan (Koike and Inadé, 1995) and Philippines
(Kohno et al., 1999). In India all along the west coast and the east coast |

(Bal and Rao, 1984).

The first report of the family Sillaginidae in Indian waters was by Day
(1_876). He recorded 3 specie of the genus Sillago: S. domina, S. sihama
and S. maculata. Devanesan and Chidambaram (1948) reported the
occurrence and distribution of S. sihama in Ganjam District, Pukkilipeta,}
Bimilipatnam, Uppada, Madras, Tranquebar and Sethubavachathram,
Mukkur, Pamban and Tuticorin on the east coast and Hosdurg,

Cannanore, Valapad, Calicut and Tannur on the west coast of India.

Palekar and Bal (1955) identified 1 more species S. chandropus from
Karwar waters. Anther species S. panijus was recorded from Chilka
Lake 'by Rajan et al. (1968). Mckay (1976) reported two genera and five
species of the family Sillaginidae from Indian waters with description of a
new species S. vencenti. Later Dutt and Sujatha (1980) recorded seven
species of Sillago from indian waters. S. ‘sihama, S. parvisouamis, S.-

macrolepis, S. argentifasciata, S. maculata, Sillaginopodys chandropus
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and Sillaginopsis panijus. Dutt and Sujatha (1982; 1984) described two

more species of sandwhitings: S. soringa and S. intermedius.

There are a number of characters involved in the differentiation of
species of Sillaginidae. The shape of the swim bladder in the family
Sillaginidae is of taxonomic value and help to distinguish between
species. As a continuation of occurrence and description reports of
family Sillaginidae, Jayasankar (1991) has been reported 6 species of
Sillagos:. S. sihama, S. indica, S. vincenti, S. argentifaciata, S. soringa
and Sillaginopqdys chandropus from Palk Bay and Guif of Mannar.
Recently Antony et al. (2005) prepared an inventory of the ichthyofauna
of mangrove ecosystems. They noted down the guidelines for
identification of the families using mangrove ecosystem as breeding,
nursery, feeding and hiding grounds. S. sihama (family Sillaginidae) was

included.

1.5. Habitat

The family Sillaginidae inhabits shallow sandy bottoms of shores and
bays, creeks, and estuaries. It is notably absent in oceanic islands and
coral reef environments, although at least two species visit sandy reef

flats: S. sihama and S. ciliata (Woodland and Slack Smith, 1963).
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Chapter 2




Environmental Parameters

2.1. Introduction

The information on environmental variables that affect the living organisms
is vital. Hydrographical studies play an important role in understanding the
various biological processes (growth, physiology, reproduction, etc.) and
the general productivity of aquatic ecosystem. The physico-chemical
parameters such as temperature, salinity, dissolved oxygen and nutrients
are of profound biological significance and are used as population
indicators (Head, 1985). Temperature and light play an important role in
the gonadal gametogenesis, spawning and initiation of gonadal
development (Pandey and Shukla, 2005). It is believed that the
morphology of fish is determined by genetic and environmental factors,
with these being particularly important during the early developmental
stages when individuals are influenced by the environment (lhssen et al.,

1981).

Estuaries may have the highest economic values per hectare of many
aquatic environments (Costanza et al, 1997). Estuarine ecosystem is
characterized by a variable salinity and temperature range of greater than
Sea. In tropical estuaries seasonal changes in salinity is obviously greater

than in temperature (Blaber, 2000). Tropical and subtropical estuaries
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represent one of the most exploited ecosystems in the world. In India the
estuaries vary from near 30 - 37 psu in salinity of the dry season (Qasim,
2004).The Mandovi - Zuari estuarine systems are tropical estuarine

systems and play major role in the economy of Goa.

Some of the early hydrographical and ecobiological work carried out on
Goa estuaries are those of Dehad_rai (1970); Cherian et al. (1975);
Gangadhara Rao et al. (1976); Rao (1977); De Souza (1977); Qasim and
Sen Gupta (1981); .De Souza and Sen Gupta (1986); Ansari (1988);
Padmavati and Goswami (1996); Ingole and Parulekar (1998). In the view
of the importance of environmental condition and hydrographic
parameters in fishery biology, it was felt necessary to study the
environmental parameters such as temperature, salinity, dissolved oxygen

~ and pH of the study area (Dona Paula in Zuari estuary).
2.2, Study area

Goa is located between 14° 54’ -15° 48' N latitudes and 73° 41' - 74° 21'VE
longitudes. The two rivers Mandovi and Zuari are joined by Cumbarjua
canal, forming major estuarine system in Goa. Mandovi - Zuari estuarine
systems are called the lifeline due to their major importance among the
seven rivers flowing through the hills and plains of Goa. Geographically,
the Mandovi - Zuari River estuaries could be classified as drowned river
valley estuaries formed due to the Holocene rise in the sea level (Anon,

1978) .They ére rich in living resources such as finfish and shellfish and
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are used for fishing activity round the year particularly during the monsoon
season when the marine fishing is suspended. The minimum wave action
in the estuary during monsoon makes it ideal for fishing during this

season.

River Zuari originates in the Dighi Ghat in Karnataka. It joins Arabian Sea
at its eastern end forming a bay called Mormugao - Dona Paula point after
flowing about 67 km (Qasim, 2004). The mouth region of the estuary is
rocky and subjected to heavy wave’s action whilé the upstream region is
‘quite narrow (Untawale et al., 1982). Its width at the mouth of the estuary
is about 5.9 km While at the upper reaches the width is less than 1 km
(Ansari, 1988). The study site was selected at Dona Paula Bay, which is
less than two km upstream of the opening of Zuari River in the Arabian

Sea (Fig. 2.1.).
2.3. Materiéland Methods

Water samples were collected from a fixed station at monthly intervails and
analyzed for temperature, salinity, dissolved oxygen and pH. The study

was carried out during January 2004 - April 2005.

. Surface water temperature was measured on the site with a mercury

thermometer and the values are expressed as degree centigrade (°C).
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Salinity was e‘stimated using Guildline “Autosal” model 8400A salinometer
(measurement range: 0.005-42 psu), which measure the electrical
conductivity ratio of the samples. The readings of the instrument, then
converted from conductivity ratio to salinity, which its values are

expressed in practical salinity unit (psu).

Dissolved oxygen (DO) was estimated following standard Winkler's

method and the values are expressed in mg/ .

pH was measured immediately in the field using a portable pH meter.

The rainfall and atmospheric temperature data for the period of the study

was obtained from the meteorological station, located at NiO.
2.4, Results

Seasonal variability of different environmental features in the estuarine
system is chiefly controlled by the regime of the rainfall dividing the year
into three distinct seasons: Pre-monsoon (February - May), Monsoon
(June - September) and Post-monsoon (October - January). Monthly
variations in hydrbgraphical parameters of Zuari estuary (off Dona Paula)

are given in Table (2.1.).
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Table 2.1. Seasonal variation of different hydrographical and climate parameters during January 2004 — April 2005.

é‘@) Salinity(RSD) b Rainfall
Jan 28.2 32.9 3.21 8.34 0 26.1
Feb 29 33 3.52 8.39 0 26.8
Mar 30 34.21 3.91 8.22 0 29.1
Apr 30 34.67 3.98 8.26 0 29.5

- May 32.7 34.72 3.91 8.13 164.7 20.5
Jun 26 23.5 4 7.86 601.9 27.8
Jul 24.5 19.01 48 7.66 617.3 26.9
Aug 28 26.02 454 7.78 476.1 26.8
Sep 29 32.61 3.74 7.8 149.8 26.9
Oct 29 33.1 3.71 8.09 86.2 28.4
Nov 305 34.54 3.7 8.09 60 26.7
Dec 26.5 34.64 3.74 8.13 0 26.6
Jan 27 34.63 3.62 7.97 0 25.7
Feb 28 34.76 3.53 7.96 2 26.1
Mar 29.5 35.57 3.45 7.92 0 27.1

Apr 32 35.68 3.92 8.06 45 29.2
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2.4.1 Temperature

The surface water temperature fluctuated between 24.5 and 32.7 °C, with
an average of 28.8 + 2.20°C for the whole period. There was a
progressive increase in the water temperature from January.to May with
peak value of 32.7°C in May (Fig. 2.2.). With the onset of monsoon, a
sudden fall in temperature (26°C) was observed in June. The temperature
remained low during monsoon with minimum va[ue 6f 24.5 °C in July. A
gradual increase in the water temperature noticed at the end of monsobn.

The temperature remained high during the rest of the period.
2.4.2 Salinity

Seasonal variation in the salinity of the estﬁary was very large (Fig. 2.3.).
It ranged frorh 19.01 to 35.7 psu with an average value of 32.09 + 5.02
psu during the period of observation. In general salinity was high during
Pre—mo.‘nsoon (February - May) reaching 34.7 psu in May. With the onset
of monsoon in June the salinity dropped sharply and remained low until
August with minimum value of 19.01 psu in July. Salinity began to

increase from September onwards.

2.43 DO

Seasonal variation in dissolved oxygen concentration during the study

period ranged from 3.21 to 4.8 mg/l with an average of 3.83 £ 0.39 mg/l.
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Fig. 2.3. Monthly variation in water dissolved oxygen of Zuari
Estuary during January 2004 — April 2005.
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The dissolved oxygen values were almost stable (3.21 mg/l - 3.91 mg/l)
from January to May (Fig. 2.4.). The values increased during June -
August with a maximum value of 4.80 mg/l in July. After September the
dissolved oxygen value droppedv sharply, reaching to a minimum -of 3.74
mg/l. It remained almost stable until December. It is interesting to mention |
that the annual variation of dissolved oxygen was in contrast with the

variation in salinity.
2.4.4 pH

The value varied within a narrow range of 7.66 in July to 8.39 in February
with an average value of 8.04 + 0.21. Comparatively higher pH values
were recorded during pre-monsoon (8.13 - 8.39) when the water salinity
was high (Fig. 2.5.). During monsoon pH decreased to 7.66 in July
coinciding with heaviest rainfall and lowest salinity value. pH began to

increase from October onward.

An attempt was made to determine a correlation matrix of the
environmental parameters. Positive correlation was observed between
temperature and saiinity (r = 0.69, P<0.05) and between pH and salinity
(r = 0.62, P<0.05), while negative correlation was found between
~ dissolved oxygen and salinity (r = - 0.75, P<0.05) and pH and dissolved

oxygen (r = - 0.60, P<0.095).

29




(3,1 [¢2]
1 J

H
L

N
L

Dissolved oxygen(mg/l)
- w

o

J FMAMUJJ A S ONIDJIFMA
Month

Fig. 2.4. Monthly variation in water dissolved oxygen of Zuari
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Annual var‘iation in atmospheric temperature during the study period is
given ini Fig. 2.6. The minimum and maximum atmospheric temperature
observed during the study period was 25.8 °C and 29.5 °C, in January and
April- - May, respectively. Goa has an annual rainfall of about 3453 mm,
out of which the maximum is recorded during south - west monsoon (June
- September). During the present study, the maximum rainfall was
received in June - July (Fig. 2.7.). However, some rain showers were
observed in May and October - November durihg the study period. The
total average rainfall during January - December 2004 was 2156 mm with
an average of 165.85 mm/month, which is below the average. This
happened because Goa received less rain in the year 2004 (2156 mm).
Effect of rainfall on the water temperature and salinity is shown in Fig. 2.8.
The low values of temperature and salinity recorded during monsoon
months coincided with heaviest rainfall. This indicates the direct effecf of

rainfall on the temperature and salinity.
2.5. Discussion

An extensive work on hydrographical pafameters of Mandovi - Zuari
estuarine system revealed that the physical, chemical and biological
features are adapted to a seasonal rhythm, and the changes are
dependent upon the monsoon cycle and the amount of freshwater

received in this season. Precipitation and land runoff during monsoon
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bring about dynamic changes from typically marine to typically brackish
water conditioh in the estuaries (Qasim and Sen Gupta, 1981). That leads
to large changes in temperature, salinity, flow pattern, dissolved oxygen
and nutrients. The variation in these parameters is known to be lesser in
Zuari compared to Mandovi (Padmavati and Goswami, 1996). The
changes are however, not significant except in monsoon. Diurnal
variations in the bhysio - chehical conditions in béth the Mandovi énd
Zuari estuaries (Singbal, 1973; 1976) are reported to be controlled by the
- tides. The water remains well mixed during the pre-monsoon season and
gets stratified during monsoon (Qasim and Sen Gupta, 1981). The lighter
and less saline water floats at the surface while heavier water remains at

the bottom.

In the present study, there was a gradual increase in temperature from
January to May and the temperature declined during the mdnsqon
followed by increase in the later months. Similar observations were
reported by Dehadrai (1970); Qasim and Sen Gupta (1981) and Rivonker
(1991). Temperature was higher during pre-monsoon with"peak value in
the month of May. This can be attributed to higher atmospheric
temperature prevailing at that time. During hwonsoon the high precipitation
and freshwater influx bﬁngs cooler water from the upper reaches of the

river due to which the water temperature was low at that time.
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Salinity is the only factor, which undergoes spectacular change during the
yéar (Qasim, 2004). During the study period, salinity was high and uniform
with minute variations except in monsoon. Higher salinity values during
major period of study can be attributed to higher temperature. High
atmospheric temperature particulafly during March - May leads to
increasing the rate of evaporation, which in turn increase the salinity
values. Heavy clouds reduce the solar radiation - decreasing the
temperature and rate of evaporation during monsoon. The decrease in
salinity can be attributed to heavy precipitation and influx of freshwater
from upper reaches of Zuari River during monsoon. Dehadrai and
Bhargava (1972)_reported similar observations. With the cessation of
monsoon, the fresh watér flow decreased and the salinity started
increasing gradually in the post-monsoon. However, fall in salinity in this
estuary during monsoon was not significant. This could be attributed to the
thorough mixing of water resulting from intense tidal action and negligible
influx of fresh ' water from the river, which contributes to more saline nature
of this area (Cherian et al., 1975). The direct effect of the onset bf
monsoon can be observed in the rapid decline in salinity of the estuary
(Padmavati and Goswami, 1996; Ingole and Parulekar, 1998). Similar

trend was reported from Kali estuary in Karwar (Reddy, 1991).

The dissolved oxygen content in the water showed a high level with
maximum values in monsoon months. Inverse relationship between

dissolved oxygen and salinity was observed from the variation pattern of
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dissolved oxygeﬁ during the study period. Decrease salinity increases the
solubility of oxygen in the water, which probably appears to be the main |
cause for the increase in the concentration of dissolved oxygen during
monsoon. This corroborates the earlier findings by Singbal (1976) Qasim
and Sen Gupta (1981) and De souza aﬁd Sen Gupta (1986). The high.
values during monsoon are mainly due to precipitation and influx of

oxygen rich fresh water from the river runoff.

The pH of the river water is strongly influenced by the terrain through
which it flows. The pH of water was slightly alkaline during pre-monsoon
and post—rhonsoon coincided with high values of salinity. Decrease of pH
during monsoon can be attributed to decrease in the level of salinity.. A
positive correlatioh between the two parameters (r = 0.62, P<0.05)
indicates that pH in brackish water is influenced by the tidal salinity. Low
pH values during monsoon have been reported by various workers
(Srinivasan and Pillai, 1973; Singbal, 1985; James and Najmuddin, 1986)..

Low values of pH coincided with high values of dissolved oxygen

indicating inverse relationship between pH and dissolved oxygen (r =
-0.060, P<0.05). Such relationship has been observed by Ingole and
Paruiekar (1998). Nagarajaiah and Gupta (1983) reported similar trend in
brackish water pond along Nethravati estuary, Mangalore. pH regulation
by soil water interaction besides biological processes in rivers and

estuaries was suggested by Sarma et al. (2001).
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From the above environmental features, the Mandovi-Zuari estuarine
system can be classified as a tide-dominated coastal plain estuary (Qasim
and Sen Gupta, 1981). During the southwest monsoon the river Zuari géts
less diluted than that in Mandovi although the distance of penetration of
the salt front during the summer months is almost similar in both rivers.
The water is well aerated. The high temperature leads to evaporation and

high salinity in summer season.
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Chapter 3 '




Morphometrics

3.1. Introduction

Morphological characters that can be seen externally are the ones used to
separate the species. Two types of characters e.g.; morphometrics and
meristics have been frequently used to delineate stock of fish species
(Haddon and Willis, 1995; Murta, 2000; Silva, 2003). Knowledge of fish stock
structure is essential for effective fishery management (Grimes et al., 1987,
Carvalho and Hauser, 1994; Begg et al., 1999). Despite the advent of
biochemical and molecular genetics techniques, studies of morphological
variations among populations continue to play an important role in stock

identification (Swain and Foote, 1999).

Different populations of the same species living in different geographical
areas are known to differ morphologically. Furthermore, the morphometric
and meristic characters are highly variables even in the same population
depending upon their macro and micro geographical distribution.
Morphometric characters have been used to distinguish between stocks of
various marine fish population and differentiate intra-specific variations

(Ihssen et al., 1981; Winans, 1984).

In early studies (Heincke, 1898), the variation in morphometric characters

was assumed to be entirély controlled by genetic factors. However, in recent
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years the morphology of fish is believed to be determined by genetic and
~environmental factors (Clayton, 1981; Foote et al., 1989; Robinson and
Wilson, 1996; Cabral et al., 2003). Morphometric studies are also commonly
used in fishery biology in determining discreteness and relationship ambng

various taxonomic categories.

Some of the earlier studies on the biometrics, morphometrics and racial
analyses of the populations oflcommer'cially important fishes from Indian
waters are those of Pillay (1952; 1957); Radhakrishnan (1957); Rao (1965;

1966) and Vijaya Gupta (1970); Das (1978); Srivastava and Seth (1981) |

among others.

in spite of the wide distribution of S. sihama in Indian waters, the Published
work on its morphometry particularly from Goa waters is scanty. Thus, the
present investigation on S. sihama was made to study the inter relationships
of various morphometric characters, their growth rates in relation to total

length.
3.2. Material and methods

Sample for the present study were collected during January - April 2005 from
Zuari estuary (Dona Paula Bay).Three hundred and' fifty specimens of
S. sihama in the size range 98 - 212 mm total length were examined for body
measurements. Specimens with damaged dimension and body parts were

left out. Body measurements were recorded™ carefulty-in- millirmeter-using
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a pair of fine divi.ders. Fifteen morphometric characters have been selected

for the study and are shown in Fig. 3.1. They are:

Total length (T.L): The distance from tip of the snout to the tip of longest ray

of caudal fin.

Standard length (Std.L): The distance from the tip of the snout to the end of

hypural plate.

Head length (H.L): The distance from tip of the snout to the posterior point

of opercular membrane.

Snout length (S.L): The distance from the tip of upper jaw to the front

margin of the orbit.

Post-orbital length (P.O.L): The distance from hind margin of orbit to the tip

of opercular membrane.

Inter-orbital length (1.0.L): The distance between the dorsal margins of the

eyes.

Eye diameter (E.D): The greatest horizontal distance between the free

orbital rims.

Pre-first dorsal fin (P.ID): The distance from the tip of the snout to the

anterior end of the first dorsal fin base.
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Various morphometric measurement considered in the study:

T.L total length, Sd.L standard length, P.IID Pre-second dorsal length P.ID pre-first dorsal length,
E.D eye diameter, P.O.L post orbital length, S.L snout length, P.Pc.L pre-pectoral length, H.L head
length, P.Pv.L pre-pelvic length, P.A.L pre-anal length, 1.O.L inter-orbital length, B.Dep body
depth, Dep. A depth through anal, Cd.Dep caudal peduncle depth.
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Pre-second dorsal fin (P.lID): The distance from the tip of the snout to the

anterior end of the second dorsal fin base.

Pre-pectoral length (P.Pc.L): The distance from the tip of the snout to the

insertion of the pectoral fin.

Pre-pelvic length (P.Pv.L): The distance from the tip of the snout to the

insertion of the pelvic fin.

Pre-anal length (P.A.L): The distance from the tip of the snout to the

insertion of the anal fin.

- Body depth (B.Dep): The distance from the anterior end of first dorsal fin to

the ventral surface of the fish at deepest part.

Depth through anal fin (Dep.A): The distance from the anterior end of

second dorsal fin to the anterior end of the anal fin.

Caudal peduncle depth (Cd.Dep): The minimum distance between the

dorsal and ventral edges of the caudal pedunclé.

In order to determine the degree of association between various variables
(measurements) correlation coefficient (r) between these morphometric

measurements were calculated. Since there was a significant correlation
between total length and the other measurements, all the measurements

were taken into consideration to analyze their relationships with total length.
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Tﬁese relationships were estimated on the basis of that “the relationship
between two variables may be one of functional dependence of one variable
on the other” (Zar, 2006). That is the magnitude of the dependent variable is
assumed to be ‘determined by the magnitude of the indepéndent variable. For
this purpose, linear regression analysis was applied in case of male and
female separately. The statistical relationships between total length and

various body characters were derived through the regression equation
Y=a+bX

Where ‘X’ denotes total length as independent variable and ‘Y’ the other

-—dependent variables ‘a’ and ‘b’ are constants.

Differences between slopes of various regression lines of male and female

were tested using student’s t test. The test statistic is:

. bl-b2
Sb1-b2

Where ‘b’ is the slope of the regression line, and ‘Sb’ is the standard error

of 'b’.
3.3. Results

The mean with standard error, minimum and maximum values of each

measurement were calculated against each character as presented in Table
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3.1. The correlation matrix between various measurements is presehted in
Table 3.2. for male and Table 3.3. for female. Established correlation
coefficients (r) showed high positive significant correlation (P<0.001) in both
the sexes. The highest correlation coefficient was observed between total
length and standard length (r = 0.998) in male and (r = 0.999) in female. The
lowest was between postorbital length and eye diameter (r = 0.889) in male

and (r = 0.836) in female.

The results of statistical analysis on morphometric characters are
summarized in Table 3.4. Scatter plots of various regression lines are

illustrated in Fig. 3.2a-d for male and Fig. 3.3a-d for female. it was found that

all the body measurements showed a linear relationship against total length.
Standard length on Total length

The equation derived for standard length and total length was
Y = -6.3971 + 0.9067 X for male and Y = -5.3507 + 0.8974 X for female. The
regression coefficient ‘b’ wés significant (P<0.001) with an average rate of
0.91 mm increase standard length in male and 0.90 mm in female per 1 mm
| of total length. There is a high degree of positive correlation between
standard length and total length with ‘r’ value being 0.998 in male and 0.999

in female.
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Table 3.1. Various examined measurements in male and female of S. sihama.

Male Female

Morophometric .-
Measuremehts Mean + SE Minimum  Maximum | = Mean + §E Minimum Maximum
T.L 132.75 + 2.28 98 187 133.45 ¢ 2.‘1’05 101 212
Std.L | 113.96 £ 2.07 83 165 114.41 £ 1.89 85 188
H.L 31.39+0.48 24 45 32.22+048 25 50
S.L 14.25+0.23 10 21 14.74 + 0.256 11 24
P.O.L 13.04 £ 0.22 -9 18.5 13.46+£0.23 10 20
.O.L 7.21+0.15 5 12 7.26+0.13 55 11
E.D 7.50 0.1 6 10 7.63 £ 0.097 6.5 11
P.ID.L 40.30 £ 0,65 28 59 41.31x0.70 29 69
P.IID.L 64.281£1.19 46 92 65.02+1.12 49 107
P.Pc.L 35.84+0.64 26 56 36.59+0.58 27 57
P.Pv.L 37.430.62 27 53 38.44+0.62 28 61
PAL 63.69¢1.17 45 95 64.68£1.16 47 110
Dep.ID 20.30£0.44 13 33 20.6110.397 16 34
Dep.IID 18.9610.46 1.5 33 19.201£0.44 13 35

8.71£0.15 6 13 8.82+0.14 7 13

C.PdDep
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Table 3.2. Correlation matrix between various morphometric measurements in male of S. sihama.

TL StdL HL SL POL [OL ED PIDI PID.L P.PcL P.Pvi PAL DeplD DepliD C.PdDep|
T.L 1 | ’
StdL | 0.9984 1
H.L 0.9571 0.9492 1
S.L 0.9377 0.9277 0.9636 1
POL |09370 09275 09708 09740 . 1
1O.L 0.9589 0.9585 0.9425 0.9296 0.9326 1
ED 09250 0.9176 0.8999 0.8962 0.8890 0.9140 1
PID.I | 09562 09482 09481 09431 0.9400 0.9240 0.9131 1
PAID.L {09940 09927 0.9604 09489 0.9486 0.9583 0.9274 0.9631 1
P.PcL |09629 09593 0.9650 09552 0.9531 09522 09049 0.9172 0.9643 1
P.Pv.L |09783 09722 09734 09710 0.9626 09521 09262 09667 0.9809 0.9770 1
PAL [09903 09892 09591 09401 09423 09527 09194 09526 0.9880 0.9665 0.9765 1
Dep.ID | 09583 09532 09320 09366 0.9218 09324 0.9236 0.9477 -0.9644 09242 0.9546 09515 1
Dep.liD | 0.9482 09406 09127 09244 09139 09040 0.9280 09370 0.9525 0.9063 0.9453 09383 0.9650 1
C.PdDep | 0.9502 0.9462 0.8968 09006 0.8953 0.9006 09083 0.9059 0.9468 0.9130 09308 0.9353 0.9259 09380 1

r=0.314, 105 DF, P < 0.001
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Table 3.3. Correlation matrix between various morphometric measurements in femate of S. sihama.

T.L StdL H.L SL POL IOL ED PIDI PUD.L P.PcL P.PvL PA.L DeplD DepliD C.PdDep
T.L 1 '
Std.L 0.9988 1
HL  |09651 0.9600 1
S.L 09555 09492 09679 1
P.O.L |09338 -0.9265 0.9624 0.9666 1
Lo.L 0.9435 0.9452 0.9233 0.9143 0.9155 1
ED 0.9198 0.9229 0.8708 0.8735 0.8358 0.8895 1
P.ID.I 0.9815 0.9793 0.9703 0.9735 09521 0.9439 0.9053 1
PID.L |0.9933 09921 0.9672 0.9653 0.9486 0.9481 09233 0.9878 1
P.PcL |09663 09604 09798 0.9750 0.9673 0.9373 08840 09777 0.9718 1
P.Pv.L |09730 09694 09782 09719 09652 0.9310 0.8907 0.9742 0.9759 0.9890 1
PAL 09888 09893 0.9570 09558 09323 0.9426 09234 09799 09869 09685 09741 1
Dep.ID |0.9605 0.9576 09154 09233 0.8974 0.9276 09247 0.9514 09620 09400 0.9406 0.9531 1
DepliD | 09601 09571 09180 0.9266 08903 0.8916 0.9167 0.9492 0.9591 09360 0.9415 09530 0.9697 1
C.PdDep | 0.9270 09250 0.8816 0.8749 08666 0.8552 0.8799 08954 0.9202 0.8851 0.9068 0.9040 0.8963 0.9098 1

r=0.324, 96 DF, P <0.001
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Table 3.4. Summery of statistical analysis of male and female of S. sihama.

Morphometric Male No= 107 Female No= 98
measurements
(mm) a b r a b r
-Std.L - -6.3971 0.9067 0.9984 -5.3507 0.8974 0.9988
H.L 46721 0.2013 0.9571 2.9188 0.2196 0.9651
SL 1.6364 0.095 0.9377 -0.7322 0.1160 0.9555
P.O.L 1.272 0.0887 0.937 0.1737 0.0996 0.9338
1L.O.L -1.3067 0.0642 0.9589 -0.4908 0.0581 0.9435
E.D 1.6411 0.0441 0.925 1.9332 0.0427 0.9198
P.ID.L 3.8917 0.2743 0.9562 -2.1307 0.3255 0.9815
P.IID.L -4.5639 0.5186 0.994 -5.4519 0.5281 0.9933
P.PcL -5.4735 0.2741 0.9629 0.8617 0.2677 0.9663
PPvL 1.8355 0.2681 0.9783 0.0166 0.2879 0.9730
PAL -3.8179 0.5086 0.9903 -7.7459 0.5428 0.9888
Dep.ID -4.4198 0.1862 0.9583 -3.6020 0.1815 0.9605
Dep.IID -6.4499 0.1915 0.9482 -7.6755 0.2014 0.9601
C.PdDep 0.5395 0.0616 0.9502 0.6470 0.0612 0.9270
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Head length on Total length

The estimated equation derived was Y = 4.6721 + 0.2013 X for malé and'
Y = 2.9188 + 0.2196 X for female. The regression coefficient ‘b’ was
significant (P <0.001): in both thé sexes \&ith an average rate of 0.20 mm
increase head length in male and 0.22 mm in female per 1 mm of total
length. The degree of association between the two is high and positive with

‘r' value being 0.957 in male and 0.965 in female.

Snout length on Total length

The relationship betweén snout length and total length can be expressed by
the equation Y = 1.6364 + 0.095 X and Y = -0.7322 + 0.1160 X for male and
female, respectively. From the equation, it is cleaf that for each 1 mm
increase in total léngth there will be an increase of 0.10 mm and 0.12 mm in
snout length in male and female, respectively. The regression coefficient ‘b’
was significant (P <0.001). There was a high positive correlation between the
two variables with ‘r' value being 0.938 and 0.956 for male and ferﬁale,

respectively.
Post-orbital length on Total length

The estimated equation was Y = 1272 + 0.0887 X for male and
Y = 0.1737 + 0.0996 X for female. The regression coefficient ‘b’ was

significant (P <0.001) in both the sexes with an average rate of 0.09 mm
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increase in,postorbital length per 1mm of total length in male and 0.10 mm in
female. The degree of association between the two is high and positive with

‘r' value being 0.937 in male and 0.934 in female.

Inter-orbital length on Total length

The relationship was found to be linear as is clear from the regression
equation

Y =-1.3067 + 0.0642 X for male and Y = -0.4908 + 0.0851 X for female, with
significant ‘b’ value (P <0.001) with an average raté of 0.06 mm increase in
interorbital length for every 1 mm increase in total length and 0.09 mm in
female. Correlation coefficients "r’. was calculated to be 0.959 and 0.944 in

male and female, respectively.

Eye diameter on. Total length

The linear relationship between the eye diameter and total length may be
expressed as Y = 1.6411 + 0.0441 X and Y = 1.9332 + 0.0427 X for male
and female, respectively. The ‘b’ values were found to be significant
(P <0.001) in both the male and female w'ith an average rate of 0.04 mm and
0.04 mm increase in eye diameter with 1 mm increase in total length for male
and female respectively. High positive correlation was calculated with

‘r' values of 0.925 and 0.920 in male and female, respectively.
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Pre-first dorsal length on Total length

The ‘estimated equation were Y = 3.8917 + 0.2743 X for male and
Y = -2.1307 + 0.32585 X for female. The ‘b’ values were found to be
significant (P‘<0.001) in both the male and female with an average rate of
0.27 mm and 0.33 mm increase in pre-first dorsal length with 1 mm increase
in totél length for male and female respectively. The degree of aséociation
between the two is high and positive with ‘r' value being 0.956 in male and

0.982 in female.

Pre-second dorsal length on Total length

The regression of pre-second d'orsal fin on Tofal length can be written as
Y = -4.5639 + 0.5186 X and Y = -5.4519 +0.5281 X with ‘r' values of 0.994
and 0.993 for male and female respectively. Significant ‘b’ values (P <0.001)
were found in both the sexes with an average rate of 0.52 mm and increase
in pre-second dorsal fin length for every 1 mm increasel in total length in

male and 0.53 mm in feméle.
Pre-pectoral length on Total length

The relationship between pre-pectoral fin length and total length was linear
with correlation coefficients ‘r 0.963 in male and 0.966 in female. The
regression equation can be written as Y = -5.4735 + 0.2741 X and

Y = 0.8617 + 0.2677 X in male and female respectively. The regression
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coefficient b’ values were found to be significant (P<0.001) with an average
rate in both sexes of 0.27 mm increase in pre-pectoral length with 1 mm

increase in total length.
Pre-pelvic length on Total length

The estimated equation were Y = 1.8355 + 0.2681 X for male and
Y =0.0166 + 0.2879 X for female. The ‘b’ values were found to be significant
((P <0.001) in both the male and female with an average rate of 0.27 mm’
and 0.29 mm increase in pre-pelvic length with 1 mm increase in total length
for male and female respectively. The degree of association between tHe two

is high and positive with ‘r' value being 0.978 in male and 0.973 in female.
Pre-anal length on Total length

The relationship between pre-anal fin Ien‘gth and total length was linear with
correlation coefficients ‘r' 0.990 in male and 0.989 in female. The regression
equation can be written as Y = -3.8179 + 05086 X "and
Y = -7.7459 + 0.5428 X in male and female, respectively. The regression
coefficient ‘b' values were found to be significant (P<0'.001) with an average

rate of 0.51 mm and 0.54 mm increase in pre-anal fin length with 1mm

o B ‘wi!-dm.:-,,.\'\
increase in total length. /"/‘/g N? V;\
o .



Depth through first dorsal length on Total length

Depth through first dorsal fin showed a linear relationship with total length,
and the estimated equation derived was Y = -4.4198 + 0.1862 X in male and |
Y = -3.6020 + 0.1815 X in female. The estimated ‘b’ value was significant
(P<0.001) in both the sexes. The average rate of the increment of depth
through first dorsal length was 0.19 mm and 0.18 mm for every 1 mm
increase in total length in male and female respectively. The degree of
association between the two is high and positive With ‘r value being 0.958 in

male and 0.961 in female.

Depth through second dorsal length on Total length

The linear relationship of depth through second dorsal length with total
length is derived by regression equatidn Y = -6.4499 + 0.1915 X and
| Y = -7.6755 + 0.2014 X for male and female, respectively. The equation
infers that the depth through second dorsal length increases by 0.19 mm in
male and 0.20 mm in female for every 1 mm increase in total length. This
character showed high positive correlation with total length, with ‘r’ value

0.948 in male and 0.960 in female.
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Fig. 3.1a. Relationship between various morphometric measurements and

total length in male of S. sihama.
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Fig. 3.2a. Relationship between various morphometric measurements and

total length in female of S. sihama.
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Fig. 3.2b. Relationship between various morphometric measurements and

total length in female of S. sihama.
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Fig. 3.2c. Relationship between various morphometric measurements and
total length in female of S. sihama.
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Fig. 3.2d. Relationship between various morphometric measurements and

total length in female of S. sihama.
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Caudal peduncle length on Total length

The regression equation of Caudal peduncie length on total length can be
written as Y = 0.5395 + 0.0616 X and Y = 0.6470 + 0.0612 X, for male and
female, respectively. The equation suggests linear relationship between thel
two variables. The significant ‘b’ value (P<0.001) infers that this character
increases by 0.06 mm and 0.06 mm per 1 mm increase ih total length in male
and female, respectively. Like other chéracter's, caudal peduncle length
showed high positive correlation with ‘r' value 0.950 in male and 00.927 in

female.

Difference between slopes of various regression lines of male and female is
shown in Table 3.5. Comparisons of slopes estimated in above relationships
showed a significant difference between male and female (P<0.001) except
for the relétionship between caudal peduncle depth and total length, which

did not show a significant difference between maie and female (P>0.05).
3.4. Discussion -

Analysis of morphometric characters of S. sihama in the present study
revealed that all the fourteen measure of the external parts of the fish have a
linear association with total length. This finding was drawn from the value of

correlation coefficient ‘r which was highly significant (P<0.001) in all the
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Table 3.5. Comparison between regression coefficient in male and female

of S. sihama.

Morphometric

Male Female
measurements t Significance
(mm)
b1 Sb1 b2 Sb2
Std.L 0.9067 0.0051 | 0.8974 0.0046 | 18.574 e
1 HL | 02013 0.0059 | 0.2196 0.0061 | 91.509 e
S.L 0.095 0.0034 | 0.1160 0.0036 | 104.887 e
PO.L 0.0887 0.0032 | 0.0996 0.0039 | 15.561 bl
l.O.L 0.0642 0.0019 | 0.0581 0.0021 | -30.589 i
ED 0.0441 0.0018 | 0.0427 0.0012 | -14.000 il
P.ID.L 0.2743  0.0082 | 0.3255 0.0065 | -30.118 e
P.IID.L ' 0.5186  0.0056 | 0.5281 0.0083 | 13.571 e
P.Pc.L 02741  0.0075 | 0.2677 0.0073 | 32.000 o
P.PvL 0.2681  0.0056 | 0.2879 0.0069 | 15.231 i
P.AL 0.5086  0.0069 | 0.5428 0.0084 | 22.800 e
Dep.ID 0.1862  0.0054 | 0.1815 0.0053 | 47.000 i
Dep.lID 0.1915 0.0063 | 0.2014 0.006 | -33.000 b
C.PdDep 0.0616 0.002 | 0.0612 0.0025 | -0.800 NS

(t, 2,201 DF)=3.340 ***P<0.001
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relationships in male as well as in female. Although the measure related to
eye diameter followed by caudal peduncle showed the lower values of
correlation coefficient with all the other characters, still their correlation were

significant at the same significance level in both the sexes.

Pillay (1952; 1957) has referred to the usefulness of regression analysis and
analysis of covariance as employed by Godsil (1948) in racial studied of
fishes. The regression analysis in the present study revealed that the growth
is taking very similar pattern in both the male and femalne with slight but
significant differences in the values of growth rate of different characters in
relation to total length. The highest growth rate is that of standard length
0.9067 mm and 0.8974 mm forvmale and female_respectively, indicating that
this character is the fastest growing part of the body. The next faster growing
parts are pre-second dorsal length (0.5186 mm), and pre-anal fin length
(0.5086 mm). In female the pre-anal fin length is the next most important
character (0.5428 mm) followed by pre-second dorsal length (0.5281 mm).
Eye diameter was the slowest growing character with growth rate of 0.0441

and 0.0427 in male and female, respectively.

The results of the present study corroborate the findings by Radhakrishnan
(1957). He found maximum rate of growth in standard length followed by the
body length. The depth of the body through pectoral fin base has the
minimum rate of growth in S. sihama from Gulf of Mannar and Palk Bay.

Similarly, Reddy (1991) studied the relationship between total length and
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fourteen morphometric charactefs in S. sihama from Karwar waters. He
reported that all the morphometric measurement showed a significant
association with total length. Moréover, of the fourteen selected characters
the maximum rate of growth was noticed in standard length, followed by pre-
a“ﬁal length and snout to second (pre-second dorsal length). The slowest
growth was seen in eye diameter followed by, Iinterorbital and postorbital

length. These findings are in agreement with the results of the present study.

The most variables ratios are those connected With the eye, and the least
variable was the value of body length on total length in five common species
of Cynoglossus (Seshappa, 1970). Ramanthan et al. (1977) studied the
relationship between various body measurements using standard length és a
basic character against which regression curves'of other variables were
drawn. They reported that the total length was the fastest growing character,
next to it is the head length and the lowest rate of growth was of the eye
diameter cohparing to all others. Sharp et al. (1978) reported that eye
diafneter and snout length were the two most important variables, and body
length contributed the fourth most important variable. Misra and Carscadden

(1978) found that body depth and snout length were the most important

variables.

In the present study, linear relationships observed among various parts of
body measurements suggest that the growth in length of the fish was

isometric. This agrees with fin‘dings of Radhakrishnan (1957); Misra and
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Choudary (1982); Reddy (1991) and Bumb (1992). On the other hand, Marr
(1955) reported non-linear relationship between various body measurements
in teleost fishes. Such differences in ratio or proportional growth of body
parts may be due to environmental conditions or due to genetic differences

(Krumholz and Cavanah, 1968; Das Gupta, 1991).

The simple method for testing hypotheses about equality of two population’s
regression coefficient ‘b’ involves the use of student's t test. This test was
applied for find.ing the differences between growth rate of various
mprphometric characters of male and female. The test showed significant
differences between male and female in all the characters except in caudal

peduncle depth (Table 3.5).

This study suggests that male and female of S. sihama have similar values of
growth rate of the examined measurements. Nevertheless, they followed

different pattern of growth/.

66




Chapter 4




Food and Feeding

4.1. Introduction

Fish like any other organisms depends on the energy received from its
food to perform its biological processes such as growth, development,
reproduction and other metabolic activities. Hence, food is the basis to all
function of an individual fish as well as the popdlation. Feeding is one of
the main concerns of daily living in fishes, in which fish devotes large
portion of its ene‘rgy searching for food. Detailed data on the diet, feeding
ecology and trophic inter-relationship of fishes is fundamental for better
understanding of fish life history including growth, breeding, migration (Bal
and Rao, 1984) and the functional role of the different fishes within aquatic

ecosystem (Blaber,v 1997; Wootton, 1998; Hajisamae et al., 2003).

Study- of the diet and trophic ecology of the commercially impo&ant
estuarine fish is also greatly beneficial for fisheries management and
conservation (Blaber, 2000). Without knowledge of the food requirements,
feeding behaviour pattern, and predator - prey relationships, it is not
poséible to understand the predicted changes that might resuit from any

natural or anthropogenic intervention.

The same species occupy different habitat may feed on different types of

food (Hyndes et al., 1997) or even in the same habitat the diet may vary at
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different times. The diets of most fish species changes with age and
growth. The time and extent of changes in food and feeding habits varies
from species to species and often with changes in the life style or habitat

(Blaber, 2000).

An extensive work has been done on the food and feeding ecology of
many fish species all over the world. Some of the outstanding works in this
field are those of Hynes (1950); Maclean (1971); Hyslop (1980); Gunn and
Milward (1985); Motta (1988; 1995); Hyndes et al. (1997); Shaheen et al.

(2001) and Hajisamae et al. (2003; 2004; 2006).

A number of scientisis have also studied various aspects of food and
‘feeding habits of several fish species from Indian waters (Chacko, 1949;
Qasim, 1957a; 1957b; Qasim, 1972; Gowda et al., 1988a; Chandru et al.,
1988; Reddy, 1991;_ Serajuddin and Mustafa, 1994; Serajuddin et al.,
1998; Rao and Rao, 2002; Serajuddin ahd Ali, 2005). The present chapter

deals with food and feeding of S. sihama.
4. 2. Material and methods

Fish samples for the present study were obtained by regular fortnightly
sampling from Zuari Estuary during January 2004 to April 2005. The
specimens were properly cleaned in the laboratory and the total length,

total weight, sex stage of maturity and degree of stomach fullness were
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recorded. The stomachs were visually classified as gorged, full, % full, %
full, % full, trace and empty depending upon the degree of fuliness and the
amount of food contained in them. The stomachs were dissected out and
the food was preserved in 5% formaldehyde for. further study. The average
intensity of feeding was evaluated by points method. Points were assigned
as 1.25, 1.0, 0.75, 0.5, 0.25, 0.10 and 0 for gorged, full, % full, ¥ full, %
full, trace and empty stomachs, respectively (Bapal and Bal, 1950). Fishes
with stomachs gorged, full, % full were considered as active feeders, ¥ full
as moderate feeders and ¥ full and trace full stomachs as poor feeders

following the method used by Rao and Rao (2002).

Generally, the stomach is considered for evaluating the food and feeding,
however in case of herbivorous fish the alimentary canal is very long and
retain most of the food for prolonged period. In the present species the
alimentary canal is short; hence the stomach was only considered in this

study.

The methods employed for the quantitativé and qualitative analysis of
stomach contents do not give a complete picture of dietary importance
when they éingly used. However, when used in combination, such as
nurﬁerical or frequency occurrence and volumetric or gravimetric, better

results are achieved (Srivastava, 1999).
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The preliminary analysis of samples revealed that the organisms
contained in the stomach reached advanced stage of digestion and was
difficult to segregate of different categories of food items, thus it was not
possible to -adopt any of numerical, gravimetric énd volumetric methods
separately. Hence, the subjective method of point system (Swynnerton
and Worthington, 1940; Hynes, 1950) was followed. The different food
categories were assessed by eye and awarded points proportional to its
estimated contribution to stomach content and listed under very common,
common, frequent, rare and absent. Here consideration was given to the
sfze of the organism. The sum of the points obtained by each food item,
for each month, was then ‘converted to percentages, to show.the

percentage composition of the items, for different months.

Food in relation to size of the fish was also studied by tabulating
percentage composition of varying food.items against the size groups.
Feeding habits were inferred from the nature of food organisms consumed

by the fish of various sizes in different months.

Gastro somatic index (Ga.S.1.) was calculated using the method adopted

by Desai (1970). For this purpose, the following formula was employed:

weight of the stomach contents
weight of the fish

GalS.l.= x 100
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4.3. Results

The various food items recorded from the stomach of S. sihama during the
study period are presented in Fig. 4.1. Generally, the food items found in
the examined stomachs were grouped into eight categories namely
Crustacean, ‘polychaetes, fish, nematodes, mollusca, sand grains,
digested matter, and miscellaneous. The first two groups e.g. Crustacean
and polychaetes form the major food items in the stomach, constituting
28.07 % and 22.33 %, respectively of total food composition. However,
digested matter was also found in large quantities (19.91 %) followed' by
sand grains (11.83 %), fish (5.63%), mollusca (3.59 %) and nematodes
(2.49 %). The food items found in hegligible quantities were- collectively
‘put in miscellaneous items. This group included Sipun‘culid, phytoplankton,
filamentous algae, foraminifera, and unidentified matter and occupied

about 6.15 % of the food contents.

4.3.1. Monthly variation of food composition

The variation in percentage composition and percentage occurrence of
food items in S. sihama during different months are shown in Table 4.1.,
Fig. 4.2. and Table 4.2, respectively. It revealed that percentage
composition of different food items varied in different months according to

their availability and preference of fish.
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Plate 4.1. Digestive system and Gonads in female of S. sihama.

L: Liver; S: Stomach; I: Intestine; O: Ovary.
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Food composition (%)
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O 1.Crastacean

O 2.Polychaets

a 3.Fish

O 4.Nematodes

0 5.Molluscan
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D 7.Digested mater
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Fig. 4.1. The average percentage of main food items in the stomach of S.

sihama.
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Table 4.1. Various food items in the stomach of S.sihama during January 2004 - April2005.

Food item/size group

1.Crustacean

Crab

Tannaids

Isopods
Amphipods

Small prawn(Penaeid)
Shrimps

Mysids

Copepods

Lucifer

Egg and Larva
Unident. crustacean
2.Polychaetes
Glycera spp
Scoloplus spp
Eunicidae family
Spionidae
Poecilochaetus
Nereid
Unidentifiedpolychaets
3. Fish

Fish larvae

Fish scales

Fish eggs

4. Nematodes
5.Molluscan
6.Sand

7. Digested matter
8.Miscellaneous
Sipunculid
hytoplankton

Algae

Foraminifera
Unidentified items

Jan

512
16.17
13.07

1.63

0.00
10.58

8.96

0.00

0.00

0.33

1.06

0.00
0.00
0.00
0.00
5.55
1049
2.57

0.00
1.16
0.98
3.20
0.00
8.05
11.03

0.00
0.06
0.00
0.00
0.00

Feb

5.41
1.16
3.11
0.00
0.00
0.00
0.00
0.00
0.00
1.21
3.91

0.00
7.27
0.00
0.00
11.76
0.00
17.07

11.32
0.00
0.00
0.49
2.50

15.71

19.00

0.00
0.08
0.00
0.00
0.00

Mar

3.08
10.68
0.00
0.00
13.16
0.00
1.93
0.00
0.90
4.99

2.48
3.31
3.64
0.00
0.00
0.00

21.19

0.00
1.89
2.49
0.00
0.76
9.23
10.00

0.00
0.18
5.98
0.30
3.83

Apr

3.42
0.00
0.77
0.31
0.00
15.19
0.00
0.00
0.00
0.00
21.28

0.70
6.32
1.86
0.46
0.00
8.40
12.85

0.17
540
1.83
0.00
1.93
3.00
10.77

0.00
0.85
0.00
0.80
3.68

May

12.50
0.00
0.76
0.00
0.00

35.01
0.00
1.50
0.00
1.87
0.00

0.00
0.00
0.00
0.00
0.00
0.00
10.27

0.00
2.49
1.66
1.88
3.89
7.90
10.40

0.00
1.21
3.57
0.00
5.09

Jun

0.00
0.00
0.00
2.56
1.67
0.00
242
0.00
0.51
0.20

0.00
267
0.00
6.00
0.00
0.00
20.27

0.00
0.07
0.00
3.76
2.36
14.90
34.64

0.00
0.13
0.00
0.00
7.83

Jul

6.67
0.00
0.00
0.00
1.33
3.33
0.00
0.00
0.00
0.50
4.67

4.67
0.00
0.00
0.00
0.00
0.00
12.61

9.33
1.00
0.00
1.33
6.72
13.95
18.65

0.00
0.00
1.90
0.13
13.19

Aug

4.45
0.00
0.00
0.00
0.00
1.67
0.00
4.76
0.00
2.72
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
8.01
0.00
0.60
0.00
23.83
41.19

0.00
0.76
0.00
0.00
12.02

Sep

8.77
0.00
5.00
2.86
0.00
0.00
2.52
0.00
0.00
2.50
6.43

0.00
0.00
0.00
0.00
0.00
0.00
13.52

3.13
5.59
224
0.00
2.01
16.86
25.04

0.00
1.94
0.00
0.00
1.60

Oct

0.00
0.00
4.72
0.00
0.00
0.00
0.83
0.00
6.72
0.42

6.55
0.00
0.00
0.00
0.00
3.33
4.61

0.00
1.22
0.00
12.90
8.57
7.03
40.17

0.00
0.08
0.00
0.00
2.85

Nov

2.36
6.32
0.00
0.00
3.36
0.00
0.00
0.00
0.51
8.04

0.00
0.00
0.00
0.00
0.00
0.00
32.63

0.00
0.00
0.00
10.85
11.36
14.61
9.07

0.00
0.21
0.00
0.00
0.67

Dec

10.13
6.19
4.13
0.00
0.00
2.27
0.91
248
4.31

15.60
0.00

0.00
0.00
0.00
0.00
0.00
0.00
18.36

0.00
212
0.00
0.00
0.00
13.38
18.45

0.00
0.20
0.00
0.18
1.29

Jan

9.94
8.05
0.00
4.99
13.78
0.00
0.00
0.00
0.35
2.30

0.00
4.02
0.00
0.00
0.00
5.50
17.42

7.00
0.50
0.81
0.69
517
8.51
8.44

0.00
0.00
0.00
0.00
2.54

Feb

572
7.61
0.00
0.00
22.35
0.00
0.00
0.00
0.07
5.95

0.00
4.55
0.00
0.00
5.65
0.00
15.16

4.65
0.50
0.00
1.68
0.00
9.91
11.04

0.00
0.10
0.00
0.00
5.17

Mar

3.48
0.74
3.96
0.00
0.00
0.00
0.00
0.28
0.18
0.00
3.61

5.36
0.00
0.65
3.64
4.40
2.12
11.56

14.39
0.19
0.00
0.32

12.16
6.83
8.14

16.83
0.03
0.20
0.00
0.94

Apr

0.00
0.00
0.00
0.00
0.00
1.92
4.81
0.00
1.67
3.57

0.00
0.00
0.00
0.00
15.55
0.00
10.36

0.00
0.00
0.00
2.20
0.00
16.51
42.51

0.00
0.11
0.00
0.00
1.79
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Table 4.2. Monthly variation of Percentage Occurrence of food composition during January2004-April2005.

Nematode

Month Crustacean Polychaete Fish Molluscan Sand Digested Miscellaneous
matter .

Jan 100.00 85.71 85.71 42.86 0.00 71.43 85.71 14.29
Feb 66.67 44.44 11.11 11.11 22.22 87.50 66.67 0.00
Mar 91.67 66.67 58.33 0.00 8.33 90.91 72.73 16.67
Apr 100.00 76.92 69.23 0.00 30.77 61.54 69.23 15.38
May 68.75 18.75 37.50 6.25 12.50 18.75 37.50 50.00
-Jun 18.75 62.50 6.25 12.50 12.50 86.67 53.33 6.25
Jul 37.50 37.50 18.75 6.25 12.50 53.33 53.33 6.25
Aug 38.46 0.00 53.85 15.38 0.00 83.33 58.33 7.69
Sep 50.00 42.86 71.43 0.00 14.29 100.00 64.29 35.70
Oct 26.67 33.33 20.00 33.33 26.67 60.00 66.67 31.25
Nov 71.43 85.71 0.00 42.86 50.00 71.43 42.86 14.29
Dec 83.33 8.33 25.00 0.00 0.00 - 100.00 72.73 16.67
Jan 90.00 80.00 40.00 0.00 20.00 80.00 60.00 20.00
Feb 86.67 86.67 120.00 13.33 0.00 93.33 80.00 20.00
Mar 43.48 78.26 30.43 4.35 0.00 56.52 39.13 30.43
Apr 37.50 75.00 0.00 12.50 0.00 . 75.00 75.00 12.50
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Fig. 4.2. Monthly variation of food composition of S. sihama
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4.3.1.1. Crustacean

It forms the bulk of the fish diet. The highest percentage recorded was
56.91 % in January followed by 51.64 % in May and, the lowest
percentage recorded was 7.16 % in June. In general, crustacean intake
was low during June - November. They .were recorded in all the months of
the year with maximum percentage occurrence (100 %) in January and

April 2004. It was represented by the following groups.

Crabs: Juveniles of the crab formed 3.75 % of the annual average food
composition. The highest percentage was recorded in .the month of May
(12.50 %); and the lowest was in April (3.42 %). It was found in the
stomach cbntent in the months of January, February, April, May, July -

September and December 2004 and March2005.

Tannaids: They represented 2.83 % of the annual average food
composition. The percentage composition varied from 0.74 % in March to
16.17 % in January. They were also recorded during November 2004 to

March 2005."

Isopods: Isopods contributed 3.97 % to the annual average food
composition. They were absent in June - August and October. The
maximum percenfage of isopods was 13.07 recorded in January and the

minimum 0.76 in May.
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Amphipod§: Amphipods were present in the stomach content in January,
April, and September - October with maximum value of 4.72 % in October
and minimum 0.31 % in April. They form only 0.59 % of the annual

average food composition.

Penaeids: They contributed a small percentage of 0.56 to the annual
average food composition. Penaeids were reported in June - July and
January. The maximum abundance was 4.99 % in January and the

minimum of 1.33 % occurred in July.

Shrimps: Shrimps formed 7.64 % of the crustacean food items. They
were absent in January, September - October 2004 and March - April
2005. The maximum percentage (35.01 %) was recorded in May and the

minimum (1.47 %) in June.

Mysids: They contributed 0.89 % to the annual average food composition.
They were present in January, September, December 2004 and April
2005. The maximum percentage (8.96) was recorded in January and the

minimum (0.91 %) in December.

Copepads: They formed 1.19 % of the annual average food composition,
The highest percentage was recorded in April 2005 (4.81 %) and the
lowest was in March 2005 (0.28 %). They were recorded in March - June,

August, October and December 2004 and March - April 2005.
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~ Lucifers: They formed a minute percentage of 0.28 of the annual average

food composition. They were recorded in December 2004 and-March 2005

forming 4.31 % and 0.18 %, respectively.

Egg and larvae: They contributed 2.22 % to the annual average food
composition. They were present in all the months of the year except in
April 2004 and March 2005. The maximum percentage 15.60 was

recorded in December and the minimum of 0.07 in February.

Unidentified crustacean: Body parts of crustacean of 4.15 % formed the
unidentified crustaceans. The highest percentage of this group was

recorded in April (21.28) and the lowest in June (0.20).
4.3.1.2. Polychaetes

Polychaetes formed the second most abundant item in the food of S.
sihama. They occur in high quantities throughout the year except in
‘August. The maximum percentage occurrence of polychaetes recorded
__‘;"yvas 85.71 and 86.67 in January 2004 and February 2005, res}pectively.

Different taxa identified belonged to the following groups and families.

Glycera spp: It was varying from 6.55 % in October to 070 Yo jrw Apriks: s,
was present in March - April, July and October'2004 with. an average

percentage of 1.23.
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Scoloplus. spp: _This species constituted from 7.27 % to 2.67 % in
February and June, respectively.‘ It occurred during February - April and
June 2004 and January - February 2005. It formed 1.76 % of the annual

average of food composition.

. Eunicidae: Members of this family were found in the stomach of S.
sihama during March — April 2004 and March 2005, forming only 0.38 % of

the annual average of food composition.

Spionidae: Members of this family were found in the stomach of S.
sihama during March, June 2004 and March 2005, forming only 0.63 % of

the annual average of food composition.

Poecilochaetus: Its composition varied from 15.55 % in April to 4.40 % in
July 2004. it was consumed in January - February 2004 and February -

April 2005 with an average percentage of 2.68.

Nereid : Nereid formed 1.87 % of the annual average of food compaosition.
Nereid worms were recorded during January, April, October 2004,

January, and March 2005.

The largest portion of polychaetes forming 13.78 % of the annual food
constituents could not be identified. They were recorded round the year
except in August and December. The maximum and minimum

percentages were 32.63 and 1.57, respectively.
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4.3.1.3. Fish

Fish Larvae: Fish larvae were encountered in January - April, July and
September. They formed 3.12 % of annual average food composition with
maximum percentage of 14.39 recorded 'in March 2005 and minimum

percentage of 0.17 in April 2004.

Fish eggs: This group formed a small portion of the food of S. sihama,
contributing 0.63 % of total food composiiion. Its maximum percentage of
2.49 was recorded in March 2004 and the minimum percentagé 0.81 in

January 2005.

Fish scales: Different types of fish scales wére observed in the stomach
content of S. sihama in most of months except in February and November
2004 and April 2005. The highest percentage was recorded”’in August
(8.01) and the lowest in June (0.07). Fish scales constituted 1.88 % of

total food composition.
4.3.1.4. Nematodes

Nematodes were encountered in smail quantities in the diet of S. sihama
(2.49 %). The percentage fluctuated between 12.90 in October 2004 and
0.32 in March 2005. The percentage occurrence of this group was found

to be high in January and November 2004 (42.86 %) and low in March
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2005 (4.35%). They were absent in March, April and December 2004 and
January 2005.

4.3.1.5. Mollusca

Molluscan shells and larvae were found in the stomach. content of S.
sihama. The aver’agé contribution Waé 3.58 % of the food composition.
The minimum of 0.76 % in March 2005 and maximum value of 11.36 %
was recorded in November 2004. The percentage occurrence analysis
revealed that Molluscs were present in most of fhe months exce;;t
January, August and December 2004 and February and April 2005. They

were recorded in 13.11 % of the total stomach examined.
4.3.1.6. Sand grains

Sand grains were abundant throughout the year. The percentage
fluctuated between 3.00 % in April 2004 and 23.83 % in August, with an
average of 11.83 % of food composition. Percentage occurrence of sand
in the diet of S. sihama was 100 % of the examined stomachs in
September and December. Sand appeared in 74.36 % of the total

examined stomachs during the study period.
4.3.1.7. Digested matter

This group was also found throughout the year. It was fluctuated between

8.14 % in March 2005 and 42.51 % in April 2005, with an average value of
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20.47 % of total food composition. Digested matter was present in 62.34
% of total number of stomachs examined. The lowest abundance of 37.50

% noticed in May 2004 and the highest of 85.71 % in January 2004.

4.3.1.8. Miscellaneous

The food items, which form a minute percentage of total food composition
or accidentally taken by fish were group under this category. It included
Sipunculids, phytoplankton, Algal filaments and Foraminifera contributing
1.75 %, 0.37 %, 0.73 % and 0.09 %, respectively. These items were not
present in the stomach regularly. In addition to these items a percentage
of 3.91 of food items could not. be identified due to advanced state of

digestion.
4.3.2. Food composition in relation to size group

The percentage composition and percentage occurrence of various food
items in the stomach of S. sihama belonging to various size groups are

presented in Table 4.3., Fig. 4.3. and Table 4.4.
4.3.2.1. Crustacean

Generally, there was gradual decrease in the occurrence of crustacean in
the diet of various size groups of S. sihama. The percentage composition

ranged from 56.30 % in the size group 75 - 84 mm to 3.38 % in the size
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Table 4.3. Food composition in different size groups in S. sihama.

Food item/size groupr 75- 85-  95- 105- 115- 125- 135- 145- 155- 165- 175- 185- 195- 205- 215- 225.
84 94 104 114 124 134 144 154 164 174 184 194 204 214 224 234

1.Crustacean : .
Crab 000 000 000 276 1286 200 130 214 479 000 533 178 000 000 000 0.00
Tannaids 000 000 000 337 243 232 18 233 505 151 230 000 000 000 000 000
Isopods 000 000 000 520 363 713 559 261 38 165 235 125 000 000 000 000
Amphipods 010 035 000 000 050 000 012 000 15 174 000 000 000 000 000 65238
Small prawn(Penaeid) 870 7.90 000 000 000 124 007 168 000 000 0.00 250 000 000 0.00 0.00
Shrimps 10.25 10.05 2500 2130 1794 993 1487 065 .632 217 471 000 000 000 0.00 0.00
Mysids 652 475 400 483 100 -000 047 104 078 000 000 000 000 000 000 0.00
Copepods 15648 1250 000 000 000 017 168 087 0.31 134 000 950 000 000 000 0.0
Lucifer 6.38 390 000 000 000 000 000 000 08 000 041 000 000 000 000 000
Egg and Larva 650 725 000 000 017 459 024 048 051 359 100 089 000 000 1667 0.00
Unidentified crus. 240 775 2685 1085 061 274 533 1018 208 309 230 063 000 000 000 000
2.Polychaetes : '
Glycera spp 000 000 000 000 714 093 212 127 000 355 000 781 0.00 000 000 0.00
Scoloplus spp 000 000 1056 000 000 000 121 212 156 386 402 000 000 000 000 0.00
Eunicidae family 000 000 000 000 000 187 000 055 000 000 000 OO0 000 000 000 000
Spionidae 000 000 000 000 08 207 200 000 000 000 000 625 000 000 000 0.00
Poecilochaetus ‘000 000 000 1092 100 106 385 242 491 000 000 000 000 000 000 0.00
Nereid 000 1599 1565 518 000 145 384 000 172 000 000 000 000 000 000 0.00
Unidentifiedpolychaets 17.00 2.35 746 1510 1220 1342 1197 1351 16.34 17.03 646 000 3.08 30.77 33.78
3.Fish '

- Fish Larvae 000 000 056 000 28 000 754 7.02 000 507 896 000 5000 000 1385 3.30
Fish scales 000 000 240 063 122 341 087 241 379 167 333 098 000 167 333 189
Fish eggs 453 427 000 053 090 101 048 113 083 000 000 000 000 000 000 - 000
4 Nematodes 000 000 000 098 341 000 063 160 252 434 138 839 000 3250 1000 0.00
5.Molluscan 000 287 000 150 105 024 122 341 290 110 000 1125 0.00 000 769 5281
6.Sand 755 711 384 637 1010 1587 590 1862 1217 2601 1871 834 000 410 1019 0234
7.Digested matter 712 7.10 10.15 1094 850 27.47 2038 1873 2398 699 2017 1396 000 3250 750 250
8.Miscellaneous ' : :

Sipunculid 000 000 000 000 000 000 000 000 000 1205 800 19.97 50.00 2564 000 0.00
phytoplankton 040 000 000 038 056 036 000 109 079 082 000 003 000 015 000 0.00
Algae - 000 000 9000 461 000 000 000 084 206 012 000 000 000 000 000 000
Foraminifera 000 000 100 000 000 013 036 015 000 000 000 000 000 000 0.00 0.00
Unidentified items 707 58 000 220 811 246 464 468 315 288 000 000 000 035 000 000
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Table 4.4. Percentage Occurrence of food composition in different size groups.

Digested Miscellaneous

" Month Crustacean Polychaete Fish Nematode Molluscan Sand matter

75- 84 100.00 66.67 33.33 0.00 0.00 . 33.33 33.33 33.33
85-94 100.00 50 ~50.00 0.00 50 50 50 0.00
95-104 | 100.00 75.00 50.00 0.00 0.00 50.00 50.00 0.00
105-114 76.92 46.15 46.15 7.69 15.38 61.54 53.85 16.38
115-124 71.43 57.14 35.71 14.29 14.29 50.00 35.71 21.43
125-134 68.00 68.00 32.00 0.00 4.00 88.00 - 72.00 20.00
135-144 57.58 54.55 21.21 3.03 6.06 63.64 66.67 18.18
145-154 67.65 50.00 50.00 11.76 17.65 79.41 61.76 20.59
155-164 65.63 59.38 40.63 12.50 15.63 81.25 62.50 15.63
165-174 47.83 52.17 17.39 17.39 21.74 91.30 34.78 17.39
175-184 50.00 50.00 20.00 30.00 0.00 80.00 40.00 20.00
185-194 © 75.00 100.00 25.00 25.00 25.00 75.00 50.00 32.00
195-204 0.00 0.00 50.00 0.00 0.00 0.00 0.00 50.00
205-214 0.00 33.33 33.33 100.00 0.00 33.33 66.67 33.33
215-224 50.00 50.00 50.00 50.00 50.00 100.00 50.00 50.00
225-234 50.00 50.00 50.00 0.00 100.00 50.00 50.00 50.00
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group 225 - 234 mm. The percentage occurrence of crustacean was
100 % in the size groups 75 - 84 and 95 - 104 mm followed by gradual

decrease in the next higher size groups.

Crabs: Crab juveniles were observed in the diet of fish of size groups

105 - 114 mm to 185 - 194 mm. Their percentage fluctuated between 1.30

in size group 135 - 144 mm to 12.86 in 115 - 124 mm.

Tannaids: Tannaids were present in the fish of size group 105 - 114 mm
to 175 - 184 mm. Their abundance varied from 1.51 % in size group

165 - 174 mm to 5.05 % in 155 — 164 mm.

Isopods: This food item was abundant in the diet of fish of size groups
105 - 114 mm to 185 - 194 mm. Its percentage ranged between 1.25 in

size group 185 - 194 mm and 7.13 in size group 125 - 134 mm.

Amphipods: Amphipods were recorded in size groups 75 — 84 mm,
85 -94 mm, 115 - 124 mm, 135 - 144 mm, 155 - 164 mm, and 165 - 174
mm and again in the size group 225 — 234 mm. Its percentage varied from

0.10 in size groups 75 - 84 mm to 5.38 in size group 225 - 234 mm.

Penaeids: Small prawns like Penaeids were found in the fish of size
groups 125 — 134 mm, 145 — 154 mm and 185 — 194 mm. The juveniles

made their appearance in size groups 75 - 84 to 95 - 104 mm. Penaeids

87



formed 0.07 % of total food composition of size group 135 - 144 mm and

8.70 % in size group 75 - 84 mm.

Shrimps: They were present in the fish of size groups 75 - 84 mm to
175 - 184 mm. They formed 0.65 % - 25.0 % of total food composition in

size group 145 - 154 mm and 95 - 104 mm, respectively.

Mysids: They were not recorded with regularity in the sample and
therefore did not form the regular food item of the fish. They appeared in
the size groups 75 - 84 to 85 - 94 mm, 105 - 114 to 115 - 124 mm and
135 - 144 10155 - 164 mm. The lowest percentage was 0.47 in the size

group 135 - 144 mm and highest was 6.52 in size group 75 - 84 mm.

Copepods: Copepods were present .in the fish of size groups 75 - 84 to
85 -94 mm, 125 - 134 mm to 185 - 194 mm and in 175 - 184 mm. lts
percentage fluctuated between 0.17 in size group 125 - 134 mm and

1548 in 75 - 84 mm.

Lucifers: Lucifers formed a very small percentage (0.09 %) of total food,
and were observed in the small individuals of size groups 75 - 84 to
85 - 94 mm and in adults of size groups 155 - 164 mm and 175 - 184 mm

only.

Eggs and larvae: Different quantities of crustacean eggs and larvae

recorded in the stomach of fishes of various size groups from juveniles to
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adults. The percentage composition of crustacean eggs and larvae
fluctuated in different size groups and ranged between 0.17 % in the size

group 1156 - 124 mm and.16.67 % in the size group 215 - 224 mm.

Unidentified crustacean: There was a good quantity of unidentified
crustacean in the fish from size group 95 - 104 mm to 185 - 194 mm. They
ranged between 0.61 % in size group 115 — 124 mm and 26.85 % in

95 — 104 mm.
4.3.2.2. Polychaetes:

The percentage of polychaetes as food of fish fluctuated in various size
group. It was high (30.77 % & 33.78 %) in the size groups 215 - 224 and
225 - 234 mm, respectively. In the other size group percentage of
polychaefes ranged between 3.08 in the size group 205 - 214 mm and
- 26.44 in the size group 135 - 144 mm. This food item showed maximum
percentage occurrence (100 %) in the size group 185 - 194 mm and
minimum (33.33 %) in the size group 205 - 214 mm, while the percentage
occurrence was 50 % in the size group 175 - 184, 215 - 224, and
225 - 234 mm. Absence of p_olychaetes in the size group 195 - 204 mm

may be due to insufficient number of fish specimens.

Glycera spp: The percentage composition of this species ranged from
0.93 % in the size group 125 - 134 mm to 7.81 % in the size group 185 -

194 mm. Fish of the size group 115 - 124 to 145 - 154 mm recorded this
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food regularly in the stomach. Glycera spp appeared again in the diet of

size groups 165 - 174 mm and 185 - 194 mm.

Scoloplus spp: Scoloplus spp started appearing in the small fish of size
group 95 - 104 mm; it disappeared in the next three groups-and again

occurred in the size groups 135 - 144 mm to 175 - 184 mm.

Eunicidae: Worms belonging to the family Eunicidae occurred in the size
groups 125 - 134 mm and 145 - 154 mm, forming 1.87 % and 0.44 % of

food composition, respectively.

Spionidae: Members of this family were present in the food of the size
groups 115 - 124 mm t0135 - 144 mm and 185 - 194 mm. The lowest
percentage recorded was 0.86 % in the size group 115 - 124 mm and the

highest 6.25 % in the size group 185 - 194 mm.

Poecilochaetus: This food item was utilized by the size group 105 - 114
mm to 155 - 164 mm as a part of their food. The lowest percentage
“recorded 1.00 % in the size group 115 - 124 mm and the highest was

4.91% in the size group 155 - 164 mm.

Nereid: Nereid was recorded in the stomach content of size groups 85 -
94 mm to size group 155 - 164 mm. It was one of the important dietary
components of small fishes upto 104 mm (17.65 %) and low in the size

group 125 - 134 mm (1.45 %).
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Unidentified polychaetes: Some body parts of polychaete were recorded
-in large quantities in all the size groups except in the size groups 95 — 104
and 195 - 204 mm. Its percentage was lowest 2.35 % in size group 85— -

94 mm and highest 33.78 % in size group 225 - 234 mm.

-

4.3.2.3. Fish: i

Fish larvae, scales and eggs were found in a considerable quantity. They

were present in high percentage (50 %) of total stomach examined in size
group 85 — 94 mm and 49.15 % in size groups 95 — 104 and 105 — 114
mm. This high percentage occurrence could be attributed to the pianktonic

A

feeding behaviour.

Fish Larvae: It was recorded in the stomach content of size groups 95 —
104 mm and in115 - 124 mm onwards. The lowest value was recorded in

size group 95 - 104 mm and the highest in195 — 204 mm.

scales: It was observed in size groups 95 — 104 mm onwards. The
lowest value was recorded in size group105 - 114 mm and the highest

in155 —164 mm.

Fish eggs: It was observed in size groups 75 — 84 mm to 155 — 164 mm.
" lts percehfége varied from 0.48 % in 135 - 144 mm to 4.53 % in 75 - 84

mm.
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4.3.2.4. Nematodes

Nematode worms were recorded in the stomachs of fish of the size groups
105 - 114 to 115 - 124 mm, 135 - 144 to 185 - 194 mm and 205 - 214 to
215 - 224 mm. They were found in small percentage except in the size
group 205 - 214 mm, where they formed 32.50 % of total food -
composition. The percentage occurrence of Nematodes fluctuated
between 3.03 % in size group 135 - 144 mm and 100 % in size group 205

-214 mm and 225 - 234 mm. They were absent in other size groups.
4.3.2.5. Mollusca

Molluscan shells formed a part of the foéd items of S. sihama during
different stages of its life. They were found in the diet of size groups 85 -
94 mm, 105 - 114 to 165 - 174 mm, 185.- 194 mm and 215 - 224 to 225 -
234 mm. The percentage ranged between 0.24 in size group 125 - 134
mmi and 11.25 in size group 185 - 194 mm. Their occurrence was 100 %

in the size group 225 - 234 mm.
4.3.2.6. Sand grains

The sand grains also formed a part of the stomach content of S. sihama.
As the fish feed on benthic organisms, it takes some quantities of sand
and mud. The lowest was 0.34 % in size group 225 — 234 mm and the

highest percentage observed was 26.01 % in size group 165 - 174 mm.
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Percentage occurrence revealed that sand grains were found in all size

groups.
4.3.2.7. Digested matter

Digested matter was also found in all size groups in compafatively good
quantities. The minimum (2.50 %) in the size group 225 - 234 mm and the
maximum value of 32.50 % foUnd in the size group 205 - 214 mm.
Percentage occurrence of digested matter ranged between 33.33 % in the

size group 75 - 84 mm and 72.00 in the size group 125 - 134 mm.
4.3.2.8. Miscellaneous

Sipunculids recorded in the size groups 165 - 174 to 205 - 214 mm. With
percentage ﬂﬁctuated between 8.00 and 50. Its percentage occurrence
was 50 % in the size group 195 - 204 mm and 13.04 % in the size group
185 - 174 mm. Av very small quantity of phytoplankton particularly diatoms
were recorded in all size group except in 85 - 94, 95 - 104, 175 - 184 and
1'95 -'204 mm. They formed 1.09 % of total food composition in the size
gfdup 145 - 154 mm aﬁd 0.03 % in the size group 185 - 194 mm. The
percentage occurrence was 33.33 % in the size groups 75-- 84 mm and

205 - 214 mm and 6.06 % in the size group 135 - 144 mm,

Presence of algae in the stomach content of S. sihama was also poor,

restricted to the size group 105 - 114 and 145 - 154 to 165 - 174 mm. The
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percentage occurrence recorded was 15.38 % in the size group 105 - 114 .
mm and 2.94 % in the size group 145 - 154 mm. Unidentified organisms
were reéorded in the size groups 75 - 84 mm, 85 - 94 mh,105 - 114 to
165 - 174 mm and in 205 - 214 mm. Their percentage occurrences varied
from 0.36 in the size groups 205 - 214 mm to 7.54 in the sizé group 115 -

124 mm.
4.3.3. Feeding intensity
4.3.3.1. Stomach condition

- Monthly fluctuation in the percentage occurrence of stomachs in different

degrees of fullness and feeding condition are given in Table 4.5. Fig. 4. 4.

Month - wise occurrence of actively feeding fishes showed that S. sihama
fed actively during pre-monsoon (February - May) with peak activity in
April. During monsoon, sudden decrease in feedi'ng activity was observed
in June. In July, feeding intensity increased followed by decrease in
Aﬁgust and remains low (poor) until October. Sharp incre'aée in feeding
activity was observed in December and January (Post-monsoon). Month -
wise occurrence of empty stomachs showed a wide range of fluctuations
from 2.94 % in January to 34.38 % in June. Generally, it was low from
January to May, high during June - October and low from December

onward coincident with the feeding intensity.
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Table 4.5. Monthly variation of stomach condition of S. sihama.

Month No. of Active feeding n::::i?;e Poor feeding
fish
Gorged Full 3/4Full 1/2Fuil 1/4Full trace Empty
Jan 34 5.88 29.41 5.88 41.18 5.88 8.82 2.94
Feb 140 8.57 12.86 16.71 24.29 156.71 17.14 5.71
Mar 128 ﬁ0,94 15.63 17.19 26.56 10.94 14.06 4.69
Apr 48 25.00 16.67 8.33 25.00 16.67 8.33 0.00
May 54 16.67 16.67 12.50 8.33 16.67 25.00 4.17
Jun ‘64 0.00 6.25 3.13 21.88 12.50 21.88 34.38
Jul 52 345 ;2414 3.45 17.24 10.34 27.59 13.79
Aug 38 5.26 15.79 5.26 21.05 16.79 10.53 26.32
Sep 94 10.64 1‘2.'7’7" 6.38 19.15 2553  14.89 | 10.64
Oct 32 0.00 6.25 12.50 37.50 25.00 6.25 12.50
Nov 34 5.88 17.65 35.29 17.65 588  11.76 5.88
Dec 28 7.14 7.14 14.29 42.86 7.14 14.29 7.’14
Jan.05 32 6.25 25.00 18.75 31.25 18.75 0.00 0.00
Feb 46 8.70 21.74 17.39 21.74 13.04 8.70 8.70
Mar 62 6.45 29.03° 29.03 20.97 3.23 6.45 4.84
Apr 14 0.00 14.29. 14.29 14.29 28.57 0.00

28.57
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Table 4.6. Stomach condition in different size groups of S. sihama

Size No. of Active feeding Mode'rate Poor feeding
group(mm) | Fish feeding
Gorged Full 3/4F ull 1/2F ull 1/4Full  trace | Empty
85-94 2 0.00 0.00 0.00 0.00 0.00  100.00 | 0.00
95-104 16 12.50 25.00 0.00 0.00 12.50 37.50 12.50
105-114 116 15.87 19.05 15.87 22.22 6.35 11.11 9.52
115-124 124 7.46 17.91 14.93 26.87 8.96 11.94 11.94
125-134 176 11.54 16.38 7.69 23.08 16.67 19.23 6.41
135-144 136 7.35 23.53 10.29 25.00 14.71 10.29 8.82
145-154 108 5.56 11.11 18.52 31.48 9.26 12.96 11.11
155-164 100 8.00 4.00 6.00 32.00 20.00 21.00 9.00
165-174 50 0.00 16.00 32.00 16.00 16.00 14.00 6.00
175-184 20 10'00 10.00 40.00 10.00 10.00 16.00 5.00
185-194 20 0.00 30.00 0.00 10.00 40.00 20.00 0.00
195-204 2 50.00 50.00 0.00 0.00 0.00 0.00 0.00
205-214 20 0.00 0.00 10.00 10.00 70.00 10.00 0.00
215-224 4 0.00 0.00 50.00 0.00 50.00 0.00 0.00
225-234 6 33.33 0.00 33.33 33.33 0.00 0.00 0.00
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The feediné intensity in relation to size group based on degree of stomach
fullness is shown in Table 4.6., Fig. 4.5. The young individuals in the size
group 75 - 84 mm appeared to have fed very actively. There was an
obvious decline ie the feeding activity in fishes of size group 85 - 94 mm.
Above this size group, feeding activity increased with the increase in size
reaching the maximum activity in the size group 195 - 204 mm. Moderate
activity was recorded in the size group 145 - 154 mm and 215 - 224 mm.
Fishes observed to be poorly fed in the eize group 155 - 164 rhm. Other
sharp decreases were observed in the size group 185 - 194 and 205 - 214
mm followed by gradual increase until 225 - 234 mm size group. The
percentage occurrence of empty stomachs fluctuated from 3 % in the siie

group 155 - 164 mm to 15 % in the size group 175 - 184 mm.
4.3.3.2. Gastro Somatic Index (Ga.S.l.)

The Gastro Somatic Index (Ga.S.l.) in different months during- the beriod
of this investigation is illustrated in Fig. 4.6. There was an agreement
between the monthly variation in gastro somatic index and feeding
intensity based on stomach fullness. Monthly average in gastro somatic
index varied between 0.89 + 0.051 in August 2004 and 3.04 + 0.19 in
February 2005. Ga.S.l. was relatively high during pre-monsoon (February
- May), low dering monsoon until October with minimum value in August.
Ga. S I lncreased in November followed by shght decrease in December.

However Ga S 1. remains high from December onwards
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Ga.S.1 in relation to size group is given in Fig. 4.7. Ga.S.l. increased as
the fish increased in length, obvious decrease was noticed in the size
group 155 - 164 and 205 - 214 mm. It varied between 0.74 % in the size

group 205 - 214 mm and 2.51 % in the size group 225 - 234 mm.
4.4. Discussion
4.4.1. Food composition

The length of the intestine of the fish depends upon the feeding habits.
Carnivores fishes normally have short and more or less straight intestine.
This is because the meat gets digested more easily (Pandey and Shukla,
2005; Serajuddin and Ali, 2005), wherein herbivores fishes the intestine is
long and highly coiled because the vegetable food items take more time
for digestion. The intermediate cohdition is found in omnivores. Since, S.
sihama possessés a relatively short and straight intestine (Plate 4.1.), it

can be classified as a carnivores fish.

The analysis of stomach content of S. sihama from Zuari estuary revealed
that this species consume a variety of food items in this region.
Crustacean .includi_ng crabs and their larvae, tannaids, isopods,
amphipods, shrimps, mysids, copepods, lucifers, eggs and larval forms
comprised the maximum part of the food of S. sfhama. Polychaetes

formed the second most important item in the food of S. sihama. This is in
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agreement,with findings by Gowda ef al. (1988a) in S. sihama and Hyndes
et al. (1997) in S. bassensis, S. vittata, S. burrus, S. schomburgkii, S.

robusta and Sillaginodes punctata.

Digested and semi digested matter including: crustacean appendages and
polychaete cilia and organism in an advanced stage of digestion were

- present and regularly recorded. This category along with sand grains
formed a high proportion of stomach content fol»lowed by fish larvae. To
lesser extents mollusca, nematodes, and pther organisms (miscellaneous)

also occurred in the stomach of S. sihama.

Similar food items were frequently reported in the stomach of S. sihama
from different regions. They were reported by Radhakrishnan (1957),
Gowda et al. (1988a), Reddy (1991), Lee (1976), Blaber (1980), Gunn and
Milward (1985), McKay (1992), Hyndes et al. (1997), Allen et al. (2002),
Weerts et al. (1997), Mohammed et al. (2003) and Hajisamae (2006) from
India, Taiwan, Australia, South Africa, Iraq and China. Differences in the
dominance of different food categories can be attributed to their availability

and the habitat where the fish lived at a particular time.

4.4.2. Monthly variation in food composition

Presence of crustacean in the stomach content in different months
showed consfderable variations with high percentage during January -

May and November - December. Among crustacean Shrimps were the

102




most dominant item (7.69 %) followed by Isopods (3.94 %). Crab and its
larvae ranked the next dominant item (3.75 %) followed by Tannaids, eggs
and larvae and Copepods with percentage values of 2.83, 2.22 and 1.19,
respectively. However, Amphipods, small prawns (Penaeid), Mysids and
Lucifers were found in small quantites. Among polychaetes
Poecilochaetus and Nereid were the most abundant items followed by
Scoloplus sp and Glycera sp with percentage of 2.68, 1.87, 1.76 and 1.23
of total food composition, respectively. The monthly variations in the
quantity of crustacean and polychaetes in the stomach may be related to
~ seasonal variation in their abundance, age, variation in feeding intensity.
The results corroborate the findings by Gowda et al. (1988a). Similarly,
Rao and Rao (2002) found the dominance of fishes in the diet of
Glossogobius giuris through out the year, while sh'rimps'and prawns were
dominant in July — August. This is perhaps due to the abundant of shrimps

and prawns during this period.

Although digested matter came next to polychaetes in their abundance in
the stomach, the bulk of this category was consisted of crustacean and
polychaetes appendages. Hence, they may not considered as an

energetic food.

Fish larvae, Molluscs and Nematodes were found in small but significant

fractions in the food of S. sihama. Occurrence of Molluscs, Nematodes
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and Sipunculids, even though in small fractions, they also indicate a

bottom feeding tendency.

Occurrence of sand grains throughout.the study period with relatively high
quantities indicates the bottom feeding habit of S. sihama (Blaber, 2000)
Sand grains could be taken while fish was burrowing the sand to prey
upon benthic animals. Foraminifera and phytoplankton (diatoms) were
found in very small fractions in the stomach of few specimens showed that
they were probably taken accidentally, along with the sand grains or other
items, respectively. Reddy (1991) reported the presence of sand in the
stomach of S. sihama from Karwar waters. He suggested that sand may

be taken accidentally.
4.4.3. Food composition in relation to size group

The ultimate objective of dietary changes is to maximize the energy
intake, enhance growth rate and minimizé the risk of -predation in
competing for food with bigger predators (Brown, 1985). The ontogenetic
dietary change was distinctive in S. sihama in the present study. The diet
of fish changed with the increase in size (Iength); Small fishes are
exclusively planktonic feeders subsisting mainly on planktonic forms of
crustacean such as Mysids, Shrimp juveniles, _calanoid. Copepods,
Lucifers, crustacean eggs and larvae. Fish eggs, Molluscs larvae and
polychaetes are aiso taken in small proportions. Similar fihdings were

obtained by Hajisamae et al. (2006).
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The feeding habit gradually changed in fishes above 94 mm total length.
Predominance of planktonic food is replaced by benthic food items
(polychaetes, . crabs, small prawns, Shrimps, Amphipods, Isopods,

Tannaids, Molluscs and fish -larvae).

In a similar study G‘owda (1988a) reported that crustacean were preferred
by fishes of total length 40 - 100 mm, while in fishes larger than 100 mm
diet mainly | consisted of polychaetes, crustacean, fishes and
miscellaneous food items. A complete dietafy shift from plariktonic
feeding in S. sihama of less than 91 mm total length to bottom feeding in
fishes of over 90 mm has been recorded in Australian waters by Gunn and
Milward (1985), Similarly Reddy (1991) observed bottom feeding in larger
fishes of S. sihama in Indian waters. Weerts ef al. (1997) noted that fishes
less than 60 mm standard length consumed primarily planktonic prey
mainly larvacean and copepods, while larger fishes feed on benthic
crustacean, polychaetes ahd bivalves in coast of Africa. Hajisamae et al.
(2006) reported that dietary ontogenetic change of S. sihama was very
distinctive .where early life stages started feeding mainly on calanoid
copepods before shifting to almost entirely benthic predator that feed

mainly on polychaetes in Chinese waters.
4.4.4. Feeding habits

While studying the food and feeding habit of S. sihama Radhakrishnan

(1957) and Gowda et al. (1988a) classified the fish as omnivores because
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of the occurrence of seaweed and phytoplankton in the stomach. In the
_ present investigation occurrence of algal filaments in the stomach of a few
of fishes, forming minute proportion of the total food has been observed.
More over, they occurred without reéularity in different months thus
suggesting that algae might have been ingested along with other material

accidentally. '

According to Moyle and Cech, Jr. (2000), fishes are classified as
deteritivores, herijores, carnivores and omnivofes based on the type of
food. Within these categories they can be further characterized as
euryphagous (eating mixed diet), stenophagous (eating limited assortment
of food types) and mohéghaqqps (consuming only one soq qf fppd) Thus,
S'.‘sih‘ama can be classified as ‘euryphagous carnivores, féediné on §;§I‘/§/id§
rangeof food of planktonic and benthic organisms. Many workers (Gunn
and milward, 1985; Reddy, 1991; Weerts et al., 1997; Mohammed et al.,
2003 and Hajisamae et al., 2006) have also reported Carnivory of S.

sihama.

While studying the food and feeding habits of other member of the family
Sillaginidae, Chandru et al, (1988) reported that S. vincenti feeds
primarily on polychaetes, small pawns, worms and mollusks. According to
him fishes of less than 100 mm length were found to feed mainly on small
pawns,‘ whereas, adults showed greater uptake of polychaetes and

Planarians. Study of the dietary composition of five Sillago species viz S.
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bassensis,. S. vittata, S. burrus, S. schomburgkii, S. robusta and
Sillaginodes punctata showed that crustacean and polychaetes were fhe
taxa most frequently ingested by each of these species (Hyndes et al.,
1997). Hajisamae_et al. (2006) while studying the feeding ecelogy of S.
sihama and S. ingenuua reported polychaete and other benthic organisms
in the gut content and placed them as .cafnivores as observed in the

present study.
4.4.5. Feeding intensity

The results of Ga.S.I. are in agreement with the stomach fuliness, in which
Ga.S.I. was high in the active feeder individuals and low in the poor
feeder. Th.e feeding activity of S. sihama was found to bé fluctuated with
season as well as maturity stages. The intensity of feeding was high
during pre-monsoon (February - May). It may be related to food
abundance during this season and to predominance of immature and

maturing fishes which feed actively.

Distinctive decline in feeding activity during monsoon can be attributed to
spawning, which lasts until November as well as to high water turbidity
and heavy silt load as reported by Das (‘1978) in Mugil cephalus. Sharp
increase in feeding intensity with the onset of post spawning season can
be ascribed to occurrence of high number of spent fishes, which feed
actively. Moderate feeding observed during post-monsoon in December

may be due to occurrence of spent fishes. High values of percentage
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occurrence of empty stomachs during June - October with peaks in June
and September indicates a period of poor feeding activity which also
coincide with appearance of more number of mature fishes about to

spawn.

In relation to size of fish, the poor feeding activity in the size group 85 - 94
mm could be attributed to the size related dietary shift from planktonic to
bottom feeding at this size. While poor feeding intensity in the size group
155 - 164, 185 - 194 and 205 - 214 mm may.acts as an indicétor of

physiological strain of maturity and spawning.

The results of feeding intensity analysis of the present investigation
corroborated the results of the previous studies on the same- species
(Radhakrishnan, 1957; Gowda et al., 1988a; Reddy, 1991). Similar results
with different shift timing 81 - 90 to 101 - 110 mm size classes are
reported by Reddy (1991). The fact that ontogenetib dietary shifts may be
influenced by the abundance and type of prey gives an acceptable reason
for such difference. Furthermore, the diet of S. sihama, in Richards Bay,
Durban Bay and Milalazi Estuary, in South Africa (Weerts et al., 1997),
changes from planktonic prey to benthic crustacean, polychaetes and
bivalve siphn tips at different sizes. Fish from Milalazi Estuary began

feeding on benthos at a smaller size than those from Richards Bay and

Durban Bay. .
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The occurrence of poor feeding coincident with peak breeding in other
fishes has been reported by Desai (1970), Khan et al. (1988), Rao and
Rao (1991), Piska et al. (1991) Serajuddin and Mustafa (1994) and
Serajuddin et a/. (1998). This confirms the dietary shift in the individual fish -

as a body requirement in general and S. sihama in particular.
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- Chapter 5



Reproduction

5.1. Introduction

Reproduction is the process by which species are perpetuated. The
success of any fish species is ultimately determined by the ability of its
members to reproduce successfully in a fluctuating environment (Moyle &
Czech, Jr., 2000). Therefore the reproductive strategy as reflected in
anatorhical, behavioral, physiological, and energetic adaptations is an
essential commitment to future generation. It is also a continuous
development process throughout ontogeny, requiring energetic,
ecological, anatomical, biochemical and endocrinological adaptations. The
reproductive behaviour in fishes is remarkably diversified. Most fishes lay

a large number of eggs, fertilized in the aquatic environment.

Studies of reproduction and growth of many species indicated that the
reproductive cycle of fishes are closely tied to the environmental changes
particularly temperature, day length and food supply. These environmental
factors have the greatest influence upon the gonadal development
initiation and fecundity of the species. The effect of the two former factors
on the reproductive cycle of mudsucker Gillichthys mirabilis, was
demonstrated by (De Viaming, 1972a; 1972b). Reproductive parameters

such as size at first maturity, spawning frequency, fecundity, sex ratio, and
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recruitment are of great value in fishery prediction and formulation - of

management measures (Bal and Rao, 1984).

Information on fish reproduction is also important in aquaculture. The
availability .of quality seeds and the ability to control fish reproduction are
limiting factors in the farming of any commercial species. This became ,
an important factor to fulfill the demand of continuity in supply of table fish
and fish seeds throughout the year. Sufficient information related to
reproductive parameters and developmental biology can only meet this
requirements. The successful adoption of induced breeding technique,
using pituifary hormone, for a number of important species may play

an important role in improving the fish seed supply in aquaculture.

Studies on the reproductive biology of commercially important fishes from
Indian waters have been successfully carried out by many authors.
Ambngst the notable contributions are of Radhakrishnan (1957); Qaéim &
Qayyum (1963); James (1967); Khan (1972); Qasim (1973); Sreenivasan
(1979); Gowda et.al. (1988b); Guha & Mukherjee (1991); Jayasankar and
Alagarswami (1993); Das Gupta (2002); Doddamani et al. (2002) and

Manojkumar (2005).

Information available on the reproductive biology of the estuarine fish
S. sihama from Indian waters, particularly from Goa waters is scanty.

Therefore a detailed investigation on various aspects of reproduction was
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carried out in the present study. This study covered maturity stages,
development of ova to maturity, spawning season, gonado somatic index,

size at first maturity, sex ratio and fecundity of S. sihama from Goa water.

5.2. Material and Methods

Fish samples were collected at fortnightly intervals from Zuari estuary (off
Dona Paula) over a period' of 16 months (January 2004 - April 2005).Tﬁe
samples were cleaned and the surface moistﬁre was removed using
tissue paper in the laboratory. Each fish sample was measured for its total
length to the nearest 1 mm and total weight to the nearest 1.0 g. The sex
of individual specimen was determined by observing the gonads after
dissecting the specimens, as there is no sexual dimorphism in this fish. -
Maturity stages of each gonad were recorded .The gonads wére dissected

out and preserved in 5 % formaldehyde for further studies.
5.2.1. Stages of maturity

Stages of maturity of gonads were determined on the basis of
morphological appearance (macroscopic observations) in males.
Macroscopic as well as microscopic observations were used in case of
females, following the standards laid down by international council for

exploration of sea (Lovern and Wood, 1937) and given in Jayasankar

112




(1991b). While macroscopic observations were based on fresh samples,

microscopic observations were based on materials preserved in

formaldehyde.
5.2.2. Ova development

Intra-ovarian egg diameter was measuréd using an ocular micrometer
with magnificatién of 0.01 mm to each ocular micrometer division (O.M.D).
For the detailed studies of ova, samples from anterior, middle and
posterior regions of the ovary were taken in all measurements in the
present study. Ova less than 5 pym divisions were not measured vsince
they were present in ovaries of ali maturity stages. Ova were grouped into
three O.M.D intervals. The ova diameter frequencies from the ovaries of

the same maturity stages were pooled and plotted.
5.2.3. Spawning frequency

Frequency of spawning was determined based on the modes of ova

-diameters in the mature ovaries, following Jayabalan (1986).
5.2.4. Spawning season

Spawning season was determined on the basis of distribution of different

maturity stages of male and female during different months.
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5.2.5. Gonado Somatic Index (G.S.1.)

G.S.I. was also used to determine the spawning period following the

formula given by Qasim (1973):

G.S/ = Weight of gonad y
weight of fish

100

The G.S.I. was calculated for both sexes. The average G.S.l. value for

each month and size group was also calculated.
5.2.6. Size at first maturity

Fishes belonging to maturity stage lll onwards have been considered as
mature fish and used for the purpose of calculating the size at first
maturity. Data for 15 months were pooled together. The percentage of the
mature fish in relation to immature fish in different size ~group was
determined. The length at which 50 % of fish were mature was considered
as length at first maturity (Lm) of both sexes, by the frequency occurrenée

of different stages of maturity in various size groups.

5.2.7. Sex ratio

A}

Sex ratio was calculated for different months and size groups of the fish.
The sex ratio was tested for equality for different months using Chi-square

test.
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5.2.8. Fecundity

Fecundity ‘was studied by examining 30 mature preserved ovaries.
A small portion was cut from the anterior, hiddle and posterior regions of
the ovary and considered as one sample. After recording the weight, the
sub samples were teased out and dispersed in a small amount of water.
The mature ova were counted and the total number of ova was computed

based on the total weight of the ovary using the formula:

E= No of ova in the sample x Total weight of ovary <100
Weight of the sample

The relationship between fecundity and total length, total weight and

weight of ovary was statistically determined.

5.3. Results

The reproductive stratégies of fishes are often reflected in the anatomical
differences between sexes. The sexes of most fishes can be easily
distinguished by examination of their gonads. Like most of other
teleostean, the reproductive glands (testes of males and ovaries of
females) of S. sihama are typically paired structures. Both the testes and

ovaries are suspended by mesenteries across the roof on the sides of the

body cavity, in close association with the kidneys. The means of passing

sperms from testes and eggs from ovaries are vas deferens and oviducts,
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respectively. They combine to form a common duct (sperm duct in male
and ovarian duct in female), and open to the exterior by a common genital

aperture. In general the reproductive organs in S. sihama are paired and

symmetrical, although cases of asymmetry were also encountered.
5.3.1. Classification of maturity stages

In fishes which are less than 95 mm total length, gonads are minute and
translucent; hence sex of such fishes is difficult to bé determined. Gonads
of adult fishes were classified into five maturity stages based on gonads
morphology in male and female, in addition to intra-ovarian ova in female.
The classification of maturity stages of S. sihama is presented in Table

5.1., Plates 5.1. and 5.2.
5.3.1.1. Maturity .stages in Male
Stage | (Immature): Testes are small, thin, and thread-like in shape.

Stage Il (Maturing): Testes are semitransparent, ‘dark gray, and
extending upto less than % of the abdominal cavity. As testes developed
they became moderately thick, slightly flattened, and gray-whitish
extending upto ¥ of the abdominal cavity in the early phases and upto %

of the abdbminal cavity in the late phases.
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Table 5.1. Classification of different maturity stages in S. sihama.

. Maximum
Maturity o Mode of ova .
stage Description diameter(mm) diameter of
ova (mm)

0.05-0.08

Stage | Immature 0.20
0.08-0.17

. 0.08-0.11

Stage Il Maturing 0.17-0.20 0.38
0.29-0.32
0.14 - 0.17
0.23- 0.26

Stage Il Mature 0.48

0.29-0.32 :

0.35-0.38
0.17-0.20

Stage IV Ri 0.23-0.26 0.64

e .

age P 0.35-0.38
0.44 - 0.47
0.05-0.08

Stage V Spent 0.44

0.17 - 0.20
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Plate 5.2. Tests of S. sihama in different maturity stages.
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Stage Il (Mature): Testes are large, opaque, well developed and white or

ivory in colour. They are ribbon shaped, occupying about % — % of the

body cavity.

Stage- IV (Ripe): They look like mature testes thick, flat but more swollen,

creamy white, extending in the entire body cavity.

Stage V (Spent): Testes are shrunken, opaque and strap-like. They

turned back upto % body cavity.
5.3.1.2. Maturity stages in Female

Stage I (Immature): Ovaries are small, thin, occupying less than % of the
abdominal cavity. They are usually translucent pink or glassy. The oocyts
are minute (microscopic) resulting in a smooth appearance to the ovary

tissue. All the ova are immature with a mode at (0.05 - 0.08 mm).

Stage Il (Maturing): The ovaries developed in size to occupy about % - %
of the body cavity. They appear as a semi translucent to clear yellow and
oval in shape. It showed withdrawal of a batch of ova with a mode at 0.19

mm, another mode at 0.31 mm was representing the maturing ova.

Stage Il (Maiure): As more oocyts developed and turn opaque, the

ovaries turn to pale yellow or apricot colour. The opaque oocyts are visible

through the thin gonad wall. At this stage ovaries extending upto more
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than % of the body cavity. The mature group of ova was well differentiated

from immature, maturing groups with mode at 0.37 mm.

Stage IV (Ripe): ovaries are very large and swollen; filling the entire bbdy
cavity. Colouf is orange with a prominent net work of blood vessels.
Granular appearance is an important salient of the ovary at this stage. All
the type of ova was observed; well developed ripe ova formed a distinct

mode at 0.47 mm.

Stage V (Spent): Soon after completion of spawning activity, the spent
ovaries appear flaccid with a prominent blood vessels and reddish yellow
in colour. Few oocyts can be seen, whilst yellow- brown bodies may be
evident for sometime and are the main feature used to distinguish spent

ovary from immature or early maturing ovaries.

Various workers have adopted different types of classification for the intra-
ovarian eggs. Hyndes et al. (1996) suggested four stages of oocytes in the
ovaries of S. bueeus and S. vittata namely prenuclear, yolk-vesicle, yolk
granule oocytes and hydrated eggs. Following this classification the ova
could be distinguished in the ovaries of different stages of maturity in the

présent study are shown in Plate 5.3., and they are:

Pre-nuclear ova (Immature): Transparent ones with a prominent central

nucleus. The protoplasm is devoid of any yolk accumulation. The size of

120




—_— e

Plate 5.3. Different types of oocytes in the ovary of female S. sihama: a. (early stage);
b. (Late stage). 1. Immature ova; 2. Maturing ova; 3.Mature ova & 4.Ripe ova.
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ova ranged between 0.02 and 0.05 mm in early stage. With the increase in
size upto 0.08 - 0.17 mm, a number of nucledli can be seen at the

periphery of the nucleus. Few ova attain upto 0.20 mm in diameter.

Yolk-vesicle ova (Maturing): Small, opaque in which the yoik deposition
just started. Semitransparent area can be made out in the center with
partially visible nucleus. The early maturing ova which are not fully yolked,
the diameter varies from 0.14 - 0.22 mm. With increase in yolk
accumulation the ova became opaque, spherical shape with diameter from

0.22 - 0.35 mm.

Yolk granule ova (Mature): Large, opaque, spherical with slight
elongation in some cases. Full yolked ‘and still contained within the
follicles. The size ranged between 0.32 - 0.44 mm, upto 0.47 mm in few

instances.

Hydrated eggs (Ripe): Fully mature, large, fully or partially transparent
which have burst from the follicles. The majority of ova varied in diameter

from 0.44 to 0.50 mm, very few instances were found upto 0.62 mm.

5.3.2. Development of ova to maturity

The diameters of ova from representative ovaries of the five maturity

stages were measured. The size frequency distribution of ova in the
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stages | - V of maturity are shown in Fig. 5.1. The frequency polygons of
ova diameters of various maturity stages showed that in stage | (immature
ovary), majority of the ova were 0.05 - 0.08 mm (representing the
immature stock of ova), and a few ones measured upto 0.20 mm. The
immature stock of ova was found in all the subsequent stages. In Stage li
(maturing ovéry), a batch of ova separated from the general stock forming
a mode at 0.08 - 0.11 mm, another distinct mode at 0.17 - 0.20 mm
forming the first batch of maturing ova waé also formed. In stage Il
(mature ovary), the first batch of maturing ova which appeared in stage II,
developed further and formed a mode at 0.20 - 0.23 mm. In addition a new
batch of maturing ova with mode at 0.14 - 0.17 mm made its appearance.
At this stage the mature group of ova was well demarcatedfrom maturing
and immature ones by a mode at 0.35 - 0.38 mm. Stage |V (ripe ovary),
contained all the four stages of ova. The maiure group of ova with mode at
0.35 - 0.38 mm, which found in stage Ill, grew further and reached a mode
at 0.44 - 0.47 mm, these 6va were ripe and were ready for spawning. In
addition to this group, modes at 0.32 - 0.35 mm representing the mature
ova, 0.17 - 0.20 mm and a fraction at 0.23 - 0.26 mm were also took
place. In stage V (spent ovary), the ripe ova that had been at 0.44 - 0.47
mm in stage IV were already extruded, and there were only immature,
maturing and few residual of mature ova. Generally, the maturing and
mature ova are passed in succession to advanced maturity stages and

fresh batches of maturing ova separated from the immature stock.
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5.3.3. Spawning frequency

As can be seen from Fig. 5.1. in an advanced stage of ovary three distinct
groups of maturing and mature ova at 0.17 - 0.20, 0.32 - 0.35 and
0.44 - 0.47 mm are separated from the immature ones. As the fish
approaches the spawning season, the most advanced group of ova at
0.44 - 0.47 mm were separated distinctly and vare released from the
follicular chamber, by the time the next group at 0.035 - 0.038 mm are
approaching -the ripe stage and became ready to release in the same
spawning season. The maturing groups of ova which had undergone half
the maturation process are also expected to be released in a single

spawning season.
5.3.4. Size at first maturity

To determine the size at which the fish attain the first sexual maturity
a total of 656 males and 754 females were used. The percentage
occurrence 01; matured individuals was plotted against different size groub
in male and female and presented in Fig. 5.2. It showed that both sexes
became matured at the size group 155 - 164 mm total length (mid point,
159.5 mm). About 90.9 % of the total numbers of males were matured at
size 165 - 174 mm; all males were matured at size 175 mm onwards. In

female 94.7 % of total number were matured at size 175 - 184 mm and
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from 185 mm onwards all the females were fully matured. The smallest

size at which mature specimens were found was 138 mm and 135 mm in

male and female, respectively.

5.3.5. Spawning season

Spawning season was determined on the basis of occurrence of different
maturity stages of male and female in each month during the period from
January 2004 to April 2005. The results are shown in Fig. 5.3. The
females in stage Il with mature gonads app.eared round the year except in
March 2004, while females with stage IV gonads were observed during
period lasted from June to December and few Were found in February.
Spent individuals (stage V) were observed in small percentage in March,
May, July - August and October. The percentage occurrence of spent
Qonads was higher by the end of November, sharply increased in
December followed by decrease in January. Virtually, fishes with immature

(1) and maturing (Il) gonads were present all round the year which indicate

a protracted breeding behaviour.

Similar trends were also noticed in males. The peak of occurrence of
individuals with ripe gonads lasted from September to November. Spent

males were found in May, July to January with peak in December.
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From the above observations it is clear that the major spawning season in
S. sihama lasts from June to December with peaks spawning activity from

September to November.
5.3.6. Gonado Somatic index (G.S.l.)

The monthly G.S.1. of male and female are given in Fig. 5.4. The mean
monthly G.S.I. in male fluctuated between 0.10 in. April to 1.03 in
November and in female from 0.25 in May to 3.76 in September. The
values of G.S.I. increased from June to December showing two distinct
peaks in Sepiember and November in both the sexes. The peak value in
G.S.1. coincided with péak spawning period thus showing a lclose

relationship between the two. |
5.3.7. Sex ratio

The data on sex ratio is depicted in Table 5.2. The ratio of males to
females was found to be 1:1.17. Test of significance of difference revealed
that in September and November 2004 and in January - March 2005 the
proportions of males and females differ Siénificantly (x* = 7.49, P<0.01;
X2 = 11.58, P<0.001; x* = 8.49, P<0.01; X* = 5.54, P<0.05; x* = 9.35,
P<0.001, respectively). In other months thé difference was insignificant.
The Chi-square test of pooled data did not show any significant difference

(x?= 3.13, P »0.05).
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Fig. 5.4. Monthly mean G.S.I. £ SD values of S. sihama during February
2004 — January 2005.
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Table 5.2. Monthly variation in Sex ratio of S. sihama during February
2004 - April 2005.

. i otal INoXof] INoXofj Ratio] 8
NOY (Males] [Eemales} M@
Feb 77 38 | 39 | 0.97 : 1 0.01
Mar 98 46 51 0.90 : 1 0.27
Apr 111 51 60 0.85 : 1 0.73
May 101 49 52 0.94:1 0.09
Jun 82 38 44 0.86: 1 0.44
Jul 112 56 56 1.00 : 1 0.00
Aug 99 49 50 0.98 : 1 0.01
Sep 77 50 26 1.92 :1 7.49*
Oct 50 23 27 0.80 : 1 0.32
Nov 83 26 57 0.46 : 1 11.58**
Dec 84 43 41 1.00: 1 0.05
Jan 106 38 68 0.56 : 1 8.49*
Feb 104 40 64 0.63:1 554
Mar 131 48 83 0.58: 1 9.35"
Apr 87 51 36 1.4:1 2.59

P <0.01, ™ P <0.001

Critical value X? 3.84, 0.05, 1 DF
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Table 5.3. Variation in Sex ratio of different size group.

Size class Total no.

B594 4+ 2 o0s1 033
95-104 44 27 17 1.59:1 227
105114 183 76 107 0.71:1 5.25*
115124 : 242 132 110 1.20:1 2.00
' 1254134 336 178 158 1.13:1 1.19
135-144 203 80 123 0.65: 1 g1
145-154 ! 153 57 96 0.59:1 9.94**
155-164 135 54 81 067:1 5.40*
165-174 70 22 48 0.46: 1 9.66**
175184 . 25 10 15 067 :1 1.00
185-194 12 4 8 0.50:1 1.33
195-204 6 2 4 0.50:1 0.67
205214 8 3 5 060:1 0.50
215-224 5 2 3 067 ;1 0.20
225-234 3
*P <0.05 *™P<0.01, *** P < 0.001 Critical value X*3.84, 0.05, 1DF
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The data on sex ratio in relation to size group is given in Table 5.3. It
suggests that females out numbered males in all the size groups except in
95 - 104, 115 - 124 mm and 125 - 134 mm. The Chi-squafe test values
were found to be significant from 135 - 144 to 165 - 174 mm size groups

(x* = 5.40, P<0.05; x* = 9.94, P<0.01).
5.3.8. Fecundity -

Data on observed and calculated number of mature eggs produced by
ovaries of different sizes is shown in Table 5.4. The total number of
mature eggs varied from 11376 to 103695 in individuals of 150 mm to 342

mm. The mean fecundity value of 30 specimens was 41662+ 4730.

The relationshipé between Fecundity and total length, weight of fish and

weight of ovary are shown in Fig. 5.5. It showed the best fit by

a logarithmic equation as:
Log F=-2.0112+2.8971 Log L
Where F = Fecundity and L = total length of fish.

The fecundity and weight of fish (g) relationship can be expressed in the

form of:
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Table 5.4. Observed and calculated fecundity of S. sihama.

Total Total Ovary | Observed Calcuiated Fecundity

length weight | weight .

(mm) (9 (@) fecundity Fzal? F=aW® F=aO®
150 2211 0.33 15187 19573 16786 11124
153 26.64 0.75 16736 20724 20300 21753
155 27.51 0.29 11376 21515 20977 10010
156 26.73 0.34 14082 21918 20370 11399
157 31.29 0.99 13600 22325 23920 27291
158 25.09 0.55. 16749 22738 - 19096 16884
158 28.39 0.67 17107 22738 21661 19838
160 27.8 0.92 18277 23578 21202 25704
160 29.1 1.46 26476 23578 22214 37484
161 32.56 1.014 24480 24005 24911 27830
162 342° 1.02 25385 24438 26191 27965
169 36.78 1.23 25461 27609 28208 32586
169 38.52 1.33 32890 27609 29569 34734
170 39.82 1.95 35295 28082 30587 47480
170 38.36 2.41 43192 28082 29444 56449

175 43.82 2.46 46565 30531 33724 57404
181 50.05 1.37 37888 33648 38621 35585
183 45.59 1.74 44863 34732 35114 43260
184 44 .45 2.28 41873 35282 34219 53949
187 49.64 1.1 32646 36967 38298 29744
189 50.44 1.7 45666 38119 38928 © 42446
190 44.54 212 46514 38703 34289 50836
194 59.78 1.76 59546 41100 46292 43666
194 54.28 1.66 57720 41100 41953 41629
197 63.43 2.03 63600 42960 49177 49066
212 80.19 3.29 83750 53085 . 62461 72792
225 72.77 2.22 83336 63025 56572 52786
228 79.58 1.1 73661 65479 61977 29965
286 166.13 3.35 92250 125887 131291 73874
342 257.67 4.46 103695 210839 205421 93331

Average 41662.2 41666 42126 39296
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Fig. 5.5. Relationship of fecundity of S. sihama with total length (a), total

weight (b) and ovary weight (c).
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‘ Log F =2.8536 + 1.0199 Log W

Where F = Fecundity and W = weight of fish.

The relationship between Fecundity and weight of ovary (g) can be

expressed in form of next regression equation:

Log F =4.4427 + 0.8135 Logw

Where F = Fgcundity and w = weight of ovary.

From the scattered diagrams of relationship between fecundity and total
length, weight of fish and weight of ovary, it can be seen that there was

linear relatibnship between fecundity and the three variables. Fecundity

increased at the rate of 2.8971, 1.0199 and 0.8135 times of the total
length, weight of fish and weight of ovary, respectively. Positive correlation
was observed between fecundity and total length, weight of fish and

weight of ovary. The correlation coefficient values were r = 0.7268,

(P<0.05); r = 0.7726, (P<0.05); r = 0.7648, (P<0.05), respectively.
5.4. Discussion

5.4.1. Spawning frequency

Presence of three distinct modes of ova in mature ovary besides the
immature stock indicates that S. sihama from Goa waters-spawns more

than once in a single spawning season.
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The result supports those found out by James et al. (1976) and
Jayasankar and Alagarswarhi (1993) on the reproductive of S. sihama
from south Kanaré district and Palk Bay and Gulf of Mannar, respectively.
Similar observations were reported in Trenched sardine, Sardinella sirm
(Lazarus, 1990), S. burrus and S. vittata (Hyndes, 1996), Gobioides
rubicundus of the Bay of Bengal (Kader et al., 1988), Etroplus suratensis
of India and Sri Lanka (Pathiratne and .Costa, 1984). There are many
advantages of multiple spawning. It increases the total nqmber of eggs
produce in a single spawning season, spreads the risk of eggs and larval
predation over a long period (Blaber, 2000). At the same time it.acts to
buffer any short-term adverse. fluctuation in the abundance of suitable

planktonic larval food that may appeaf in different months.
5.4.2. Spawning season

Coastal or estuarine fishes in the trobics and sub-tropics aré mainly serial
spawners with a protracted spawning season (Longhurst and Pauly, 1987;
Houde, 1989) in contrast to species in temperate regions. The stimuli of
the onset of reproduction in any tropical estuarine fishes are less clear
than fresh water and tropical reef species. This is perhaps because )of the
general variet.y of biotic and abiotic influences of marine, estuarine and
freshwater origin that come together in this environment (Blaber, 2000).

However, spawning usually occur at a time when environmental conditions
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are most favorable for larval survival and development. Temperature plays

an important role in triggering spawning in tropics.

it is lclear from Fig. 5.3. that mature gonads were found throughout the
year. However, the percentage frequency of mature gonads was higher
during June- December. Spent individual were also noticed in most part of
the year and the ﬁighest percentage in December. This suggests that S.
sihama has a prolonged spawning season extending from June to
December. The highest spawning activity was obéerved during September
and November in both the sexes. These observations are further
supported by. G.S.I. values. In the present study, high values of G.S.I.
denoted attainment of peak maturity of gonads. Hence the coincidence of
occurrence of sfages Il and IV with high G.S.l. values indicate that the
peak spawning takes place during June to December. These observations
corroborate the earlier reports of Gowda et al. (1988); Jayasankar (1991),

and Reddy (1991) in S. sihama from Indian water.
5.4.3 Size at first maturity

The size and age at first maturity depends on the nature of the

environment in which the population of concern lives (Moyle & Czech,

2000).

Knowledge on the size at first maturity of fish helps to predicts harvestable

size of the fish. Hence it has great benefits in fishery as well as
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aquaculture In thé present study it is convenient to consider 155 - 164 mm
size group as the size by which both the sexes attain sexual maturity
when they are 2 2 years old. Slightly different values regarding the size at
first maturity of S. sihama were observed by others Radhakrishnan (1957)
reported first maturity at 130 mm; James et al. (1976) at 151 -191 mm;
Krishnamurthy and Kaliyamurthy (1978) at 140 - 145 mm and Jayasankar
(1991) at 170 — 175 mm. The present observations are very ciose to the
observations made by James et al. (1976) and Krishnamurthy and

Kaliyamurthy (1978).

Most teleosts are itroparous, means they spawn more than once during
their lives. In the present investigation, S. sihama attains maturity when it
is 2 2 years old and the largest specimens found were = 3 years old. This
means the species spawn more than once during its life. Hyndes et al.
(19986) compared the size and age at maturity among sillaginids, and
found that S. burrus did not live for more than 2 years and never exceeded
4 years age. It attains maturity at the end of its first year at 130 mm length,
S. vittata reached 2 years of age and some individuals lived for 4 - 7
years. It attains maturity at, size of 130 mm. Comparing with findings of
Hyndes and Potter (1996), S. bassensis do not reach maturity until the
end of its third year of life; by which time it exceeds 200 mm in length,
while S. robusta grows to a size similar to those of S. burrus, but does not
reach first mgturity until the end of seéond year of life which is the case

with S. sihama. The comparison emphasize that the relationship between
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the size and age at first maturity vary considerably amongst whiting
species, distributed in different geographical areas. This could be

attributed to habitat variability and environmental factors.
5.4.4. Sex fatio

Sex ratio indicates the proportion of male and female in the population and
is expected to be 1:1 in nature. Any deviation from this ratio may indicate
the dominance .of one sex over the other. This is happens because of
differential behaviour of sexes, environmental conditions, fishing, etc. (Bal
and Rao, 1984). The monthly distribution of two sexes in S. sihama did not
show a significant difference in the distribution of both sexes except in
September 2004 when males were dominance over females, November
2004 and January — March 2005 when females were dominance over
males. However, the overall male: female ratio was 1:1.17. The Chi-
square value dia not show any significant difference indicating equal
distribution of both sexes. Jayasankar (1991) reported a sex ratio of 1:1.1
‘(male:female) in S. sihama from Palk Bay and Gulf of Mannar. Chatter;i
(1976) reported a ratio of 1:1.4 in major Carp, which did not deviate

significantly from the hypothetical distribution.

Comparing with G.S.l. values, it is inferred that during November 2004
and January — February 2005 the G.S.l. was high in female and relatively
lower in male. That may indicate higher spawning activity of female at the

time of sampling leading to aggregation of females in the spawning
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ground, while, in September dominance of males may be related to
predominance of maturing males of a particular size. Related to size and

age, females appeared to be predominant in larger size groups.

5.4.5. Fecundity

Fecundity is the most common measure of‘ reproductive potential in fishes.
In order to maintain the position of any species in an environment, it
required to rebroduce to such an extent that would enable it to counteract
all physical and biological hazards such as predation, critical stages of its

life history, food supply, etc. (Qasim and Qayyum, 1963).

In general, fecundity increases with the increase in the size of female,
which can be expressed by F = a L° (Bagenal, 1978). This means that
larger fishes produce considerably more eggs than do smaller fishes. In
the case of S. sihama the linear relationship between fecundity and total
" length of the fish suggests that the fecundity increases at the rate of 2.987
times the total length. The linear relationships were aiso noficed.-betvveen :
fecundity and Weight of fish and ovary weight. The linearity in such
relationships have been also proved by many scientists (Palekar and Bal, -
1961; Gowda, 1988b; Jayasankar, 1991; Reddy and Neelakantan, 1991)
in S. sihama, Chatterji and Ansari (1982) in Dolphin fish Coryphaena
hippurus, Zacharia and Nataraja (2003) in Threadfin bream, Nemipterus

mesoprion and Manojkumar (2005) in Decapterus russelli.
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There is variation in the estimated value of fecundity reported by different
workers in S. sihama. Radhakrishnan (1957) stated thét a fully mature
ovary of S. sihama produce 14000 eggs, while Palekar and Bal (1961)
reported fecundity in the range of 16682 to 166130. The fecundity of S.
sihama reported by other workers (James et al., 1976; Krishnamurthy and
Kaliyamurthy, 1978; Gowda, 1988; Jayasankar, 1991; Reddy and
Neelakantan, 1993) were 11304 - 100593, 31678 - 288000,
49862 1870477, 6956 - 48373 and 20184 - 12045 eggs, respectively.
There are many factors that complicate the interpretation of fécundity
data. These are fertility, the frequency of ‘spawning, parental care, egg

size, population density and environmental factors (Bagenal, 1978).

The present study revealed that S. sihama spawn intermittently throughout
the year with a wide size range of matured ova in the ripe ovaries. Like
nﬁost of estuarine fishes the spawning period commence with the
beginning of the monsoon season. It attains the sexual maturity at
155 - 164 mm length; produce a large number of eggs as an adaptation to
the extreme environment. Total length can be considered as a better

indicator of fecundity than weight of fish and weight of ovary in S. sihama.
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Chapter 6 |



Age and Growth

6.1. Introduction

Typically, growth can be defined as the change in size (length, weight)
over time. However, it can energetically, defined as the change in calories
stored as somatic and reproductive tissues. The latter definition is useful
for understanding the factors that affect growth because of conversion of
the ingested food energy into metabolic or growth or excreted energy
(Brett and Groves, 1979). Although, most of fish continue to grow
throughout their lives, growth is not constant over the vyears.
Consequently, growth has been one of the most intensively studied
aspects of fish biology. It is a good indicator of the health of individuals

and populations.

The growth rate is an important parameter that influences population
dynamics in _fi§h§s (Bal and Rao, 1984; Seshappa, 1999). The growth rate
is variable because it _is”gre,-étly dependent on a number of biotic factors
such as ége, ma\tgﬂty, ingested food quality and quantity and presence of
the predatpyg. ﬁ ‘s also influenced by abiotic factors, such as temperature,

|
photoperiod,-dissalved axygen_and salinity. All these factors interact with

each other to inflyence the growth rate.
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Growth is expressed in relation to time, thus it is useful to determine the
age of the candidate species. There are two main methods to determine
the age of fish e.g. the direct method by rearing the fish in tanks or aquaria
or by tagging fishes. The other method is indirect determination of age
which is applied in two ways, those are length frequency distribution

method and by interpretation of the growth rings on the hard parts.

For species that can be aged, growth is directly determined from size at
"~ age or back—caléulation from scale readings. In épecies can not be aged,
other methods such as length frequency distribution may be used to
estimate the growth rate by treating length as a non - linear measure of

biological time (Jennings et al., 2001).

Separation of the complex iength frequency distribution for the whole
population into cohorts and assign age to them is the aim of esﬁmating
growth from length frequency distribution‘(Jennings, et al., 2001). This
method also called as Petersen’s length frequency polygon méthod. In the
tropical fishes those breeds over a prolonged period, length frequency
distribution is seldom applicable because of the entry of broods into the

population several times in a year (Qasim, 1973).

Fortunately, many fishes carry records of time (age) on their hard parts.
The hard parts that usually used for age determination are the scales,
otolith, - vertebral centra, dorsal and pectoral spines. ng@‘%r;g_glgg, etc.

However, the growth rings are known to be more distinct and clear on the
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otolith than in other structure of the fish. Therefore, they are extensively
used to determine the age in fishes (Jennings et al., 2001; David and
Pancharatna, 2003). This method of aging is based on the fact that

successive rings are formed as the fish grows in age.

Knowledge of a 'mathemétical rélationship between the length and the
weight of the fish in a given geographical area is a practical index of the
condition of fish (Petrakis and Stergiou, 1995). Hence weight of a given
fish of known length or length classes can be caléulated. A life history and
morphological comparisén of populations from different regions can be
made from length weight relationship (Goncalve et al., 1997). Similarly,
calculating standing stock biomass and several other aspects of
population dynamics can be estimated using length weight relationship

(Morato et al., 2001).

The principle of the length weight relationship is that the weight of the fish
increaée in relation to increase in its length. Theoretically, it can be
described using a power function of the formula W = a L® (Le Cren, 1951)
where ‘a’ and ‘b’ are constants. In nature,.the body proportions of a fish
continually change With aging. The form and specific gravify do not remain
- constant throughout the life history of the fish. Thus, cube law expression
does not hold well throughout the life history of the fish (Srivastava, 1999).
Hence, a more satisfactory formula to express the length weight

relationship is W = a L°. The value of ‘b’ in the equation usually lies
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between 2.5 and 4. In an isometric growth, the value of ‘b’ equates 3 for a
hypothetical ideal fish, if the value of ‘b’ is other than 3 the fish grows

allometrically (Tesch, 1968).

Cond‘ition of .fish in general is an expression of relative fatness of fish. The
condition factor is expressed as K = W x 100 / L3, If fish does not undergo
the cube law the ‘K’ value is directly affected by length, age, maturity,
feeding intensity and other factors (Gowda, 1984). In order to eliminate the
effect of these factors on the ‘K’ value, Le Cren (1951) suggested the
calculation of relative condition factor ‘Kn’ by the formuila Kn = W / W,

~ where W is the observed weight while W denotes the calculated weight.

The knowledée of age and growth of an economically important fish is
essential for understanding the age corﬁposition of the stocks and the role
of various class- years in the fisheries. It is also essential to determine the
mortality and survival rate of various year-classes and success of the
yearly broods. Accordingly, knowledge of age and growth is of vital

importance in the fisheries management.
6.2. Material and methods

Monthly samples were collected from Zuari estuary at Dona Paula point
using a shore seine. In addition fishes were also caught by hook and lines

during January 2004 - April 2005. Total lehgth and weight of the fishes

were recorded to the nearest 1.0 mm and 1.0'Q; respectively. "~ =~
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Estimation of age and growth rate in S. sihama was carried out using
various methods to evaluate the age at corresponding length. Petersen’s
length frequency polygon method and growth check on otolith were used.
The growth parameters were estimated using Von Berttalanfy Growth
Equation (VBGE). The condition or well-being of fish was determined by

length weight relationship and calculating Relative Condition Factor.
6.2.1. Length frequency distribution (LFD)

When collecting large amount of data it is often convenient to record the
data in the form of frequency table. A total number of 1178 specimens
were collected during one year (2004) and.arranged into size groups with
10 mm intervals. Number of specimens in éach size group was recorded
and the percentage of their frequency was calculated in each month,
separately. Data was pooled and the frequency percentage of each size
group was calculated. The frequency polygons were drawn by plotting
frequency percentage against size group in different months and for

pooled data.
6.2.2. Growth check on Otolith

For the study of growth the otoliths were collec_:ted from 81 specimens
varying in size from 68 mm to 224 mm. Otoliths were obtained by cutting
across on the dorsal sides of the head with a sharp scalpel behind the

eyes. The brain with the otic capsules where the otoliths were located
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became exposed in both sides. As in mostv fishes, S. sihama has three
otoliths in each side. The largest otolith (sagitta) was remoyed from the
otic capsule, washed in water, and cleaned from all gxtraneous tissue.
The length of each otolith was measured to the neargst .01 mm. Then
each otolith was weighed ta the nearest 0.001 mg. Otollths’was then
ground, immersed in 50 % glycerol and observed under binocular
microscope. Reading of the annuli on the otoliths was done following the
procedure given by Qasim, (1987). The relationship between total length
(TL), otoliths length (OL) and weight (OW) were statistically ass,es;sed
using regressionranalysis and‘calculating the correlation coefficient ‘r

(Zar, 2005).
6.2.3. Growth parameters

The growth in S. sihama was described using the (VBGE). The equation

can be written as:
Lt = Leo (1-e X&)

Where Lt = length at age t, L»= asymptotic length (the length of the fish
would reach at an infinity age), e = base of the naporian logarithm, K = the
growth coefficient (constant), t = age of fish and t; is the theoretical age
the fish would have at length zero. There are several numbers of
equations for detérmining these parameters, the most followed method is

that developed by Ford (1933) and Walford (1946). Graphically, L= and to
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parameters were determined by plotting the Ford - Walford graphs as
described in Ricker (1975). The various parameters of VBGE were also
calculated following the method given by Bal and Rao (1984). The growth
rates were cailculated and compared with those obtained by the LFD and

checks the growth rings on otolith.
6.2.4. Length - weight relationship (LWR)

A total of 1465 specimen, 676 males and 789 females were utilized for
this purpose. The length - weight relationship of male and female was
calculated using the parabolic formula and its logarithmic transformation,

respectively W =a + L" (Le Cren, 1951)
LogW=Lloga+bloglL

Where W is the welght of fish (@), L denoted the length of fish (mm) a is
the mtercept and ‘b’-is the slope, ‘a’ and ‘b’ are constants. Slgnlflcangg of
difference between the regression coefficients of sexes at 0.05 level was
tested using ANCOVA (Snedecor and Cochran, 1967). Depending on the
analysis, either combined or separate equation can be derived for the
sexes. The't' test was employed to test whether the regression coefficients

depart significantly from expected cubic value ‘3’ in both the sexes.
6.2.5. Relative condition factor (Kn)

The relative condition factor was calculated using the formula Kn = W /w
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Where W is the observed weight and W is the calculated weight, and was
calculated based on the LWR regression equation. Kn waé calculated in
different months for both the sexes. The average value of each month
irrespective of size was considered. The average Kn for each size group
was also calculated. Values of Kn were‘compared with Ga.S.I. and G.S.I.
to infer their relaiion to feeding activity and maturation and spawning if

there is any.
6.3. Results
6.3.1. LengtH frequency distribution (LFD)

The frequency distribution of different size groups in different months is
given in Fig. 6.1. It showed monthly size range and modal values. It is
clear from the figure that no single mode of size groups could be traced
over a period of one year. Hence, attempt was made to condense the data
to find the major modes. For this purpose, data was pooled and the results

depicted in Fig. 6.2.

As shown in Fig. 6.2. three modes of si.7;e groups could be observed.
Mode ‘a’ at'125 - 134 mm length, mode ‘b’ represented the fishes at 155 -
164 mm and the fishes belonging to size group 205 - 214 mm fepresented
the third mode ‘c’. Presence of young fishes throughout the year made it

difficult to know the size at which they made their major mode.
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Fig. 6.1. The length frequency distribution of different size groups during January - December 2004.
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Age and growth of these main length groups could not be known directly.
So, they haye been assigned to different ége groups based on otolith
studies. The mean length at each age group is given in Table 6.1. The
average lengths at various age groups obtained were in close agreement
with that obtained by otolith alone. The average lengths were 86.9, 129.2,
166.9 and 202.2 mm at 0+, 1, 2, 3 years, respectively. This also suggests
that population of S. sihama in Zuari estuary comprise of four year

classes.
6.3.2. Growth check on Otolith

Since, it was not possible to determine the age from the LFD data, it was
necessary to do by growth check on hard parts. As in other Sillago spp.
the sagittal otolith of S. sihama were elliptical in shape, broad ceritral

region and narrow tapering end.

Generally, one-year growth ring (annulus) consists of one summer (wide
and opaque) zone and one winter (narrow and translucenf) zone. Plate
6.1. The mean length at various age groups e.g. 0+, 1, 2, 3 years is shown
in Table 6.2. Plate 6.2 - 6.5. It was inferred that fishes with average length
of 88 mm had no rings on their otolifhs, while the fishes with an average
total length of 130.9 mm had one clear ring on the otolith. The fishes

showing two rings were found to have an average length of 168.3 mm.
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Table 6.1. Mean length (mm) of S. sihama at various age groups.

NoOf Size Estimat Desianati
annuli on Group stimates esignation  Growth
Otolith (Mean) Age of age group Rate

68-102 Less than

None . o+
(88.0) one year old
108-145 Oneyearold . :
One - 1 42.9
(130.9)
145- 187 Two years
Two 2 37.4
(168.3) old
190-224  Three years
Three 3 15

(199.8) old
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0.5 mm

Plate 6.1. Otolith of fish helonging te 3 year group showing decrease the
distance between {ransiyoent zones with the increase in age.

* Opaque Zone. @® Translucent Zone.
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Table 6.2. Mean length at different age groups (Model progression

analysis) during 2004.

Feb. 119.8

Mar. | 100 118.2

Apr. 1009 118.0

May 109.7 130.1

Jun. 91 139.7 160.7

Cdul - 1400

Aug. , 138.9 - 1784

Sep. 129.9 160.6 194

Oct. 128.5 183 210.3
et N QW g wmt 149.8

Dec. 55 | 169

Mean 86.93 131.28 170.34 202.15
Growth rate 44.35 39.06 31.81
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Plate 6.2. Otolith of fish belonging to 0 year group (total length
102 mm).

Plate 6.3. Otolith of fish belonging to 1 year group (totaIAIength
133 mm).
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Plate 6.4. Otolith of fish belonging to 2 year group (total length
145 mm).

Plate 6.5. Otolith of fish belonging to 3 year groug:(total length
212 mm). B e
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The mean 'Iength of fishes with three growth rings was 199.8 mm. Hence,
the average length of S. sihama at 0+, 1, 2, 3 years was fixed as
88, 130.9, 168.3 and 199.8 mm, respectively. Split (false) annuli occurred
on the age structure causing a problem in age determination is shown in

plate 6.6.

The mean values of different otolith measurements in fishes_ belonging to
various size groups are given in Table 6.3. The relationship between total
length of the fish and length and weight of the otolith is illustrated in
Fig. 6.3. The regression analysis based on least square method revealed
that there was a highly significant association between total length of fish
and length and weight of the otolith (r = 0.94 & 0.93, respectively,

P< 0.001).The regression equations were given as:
Y (T.L)=1.474 +0.0364 X (O.L)
Y (T.L) = - 0.0492 +0.0006 X (O.W)

Where T.L is total length, O.L length of otolith and O.W denoted the

weight of otolith.
6.3.3. Growth parameters

Growth in mahy fishes is widely described using the VBGE model. This

model provides an adequate description of growth in many species
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Plate 6.6. Otolith of fish belonging to 1 year group showing true and false

rings.

& False ring. V¥ Truering.

160



Table 6.3. Different measurements of Otolith corresponding fish tbtal
length in S.sihama.

Size group 1 Mean O.L Mean O.W Mean
(mm)
75 -84 79.0 4.0 0.014
85 -94 . - - -
95- 104 102.0 5.0 | 0.017
| 105 -114 $11.5 55 0.022
115 -124 120.6 6.3 0.029
125 -134 1313 6.2 0.032
135 -144 138.3 6.5 . 0.036
145 - 154 147.2 6.8 0.039
155 - 164 160.4 7.2 0.051
165-174 169.9 7.4 0.052
175 - 184 179.9 8.2 0.068
185 -194 189.3 8.3 0.072
195 - 204 - - -
205 - 214 2120 8.0 0.085
215 -224 224.0 10.0 0.11
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Fig. 6.3. Relationship betWwéen total length of the fish and

(a) Length of otolith

(b) Weight of otolith.
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(Beverton and Holt, 1957). The growth parameters have been widely -
compiled and have considerable utility in life history studies. Table'6.4.
- showed the variobs parameters of VBGE. The Various parameters were.
found to be L» = 388 mm and t, = -1.60 and k = 0.1526 /year obtained by
graphical method (Fig. 6.4.) While L~ = 390 mm, to = -1.65 and k = 0.1537
lyear by analytical method. By substituting the above values, the VBGE for

S. sihama can be expressed as:
Lt =388 [1- e 1% (190 estimated by graphical method
Lt = 390[1- e 1537 - (16901 estimated by analytical method

The theoretical length at different ages as calculated by this equation
showed a very close agreement with those estimated by otolith method
Table 6.5. Subsequently, the growth curve of S. sihama is shown in Fig.

6.5.
6.3.4. Length - weight relationship (LWR)

The mathematical relationship between total length and weight of male

and female obtained by logarithmic regression equations are as follows:
Male: LogW =-5.1691 + 3.0045 Log L

Female: Log W = - 5.2898 + 3.0633 Log L
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Table 6.4. Calculated length (mm) at age (year) using VBGE model.

( ;\:;) tto | -Kitt) | - Klt-to) 1- é-K 0 | Lt= Lwn e oy

0+ 1.6 -0.24416 | 0.7833 0.2167 84.1

1 2.6 -0.39676 | 0.6724 0.3276 1271
2 3.6 -0.54936 | 05773 0.4227 164.0
3 | 46 -0.70196 | 0.4956 0.5044 195.7
4 5.6 -0.85456 | 0.4254 0.5746 2229
5 6.6 -1.00716 | 0.3652 0.6348 246.3
6 7.6 -1.15976 | 0.31356 0.68644 - 266.3

Table. 6.5. Comparing the mean length of fish at various age groups using
different analyses.

Mean length (mm)

Age (year)
L.F.D. Otolith VBGE
o o+ 86.9 88 84
1 131.3 ’ 1309 127.1
27 A 1703 o -_;68.3 N 164

3 202.2 199.8 195.7
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Fig. 6.5. Growth curve derived from VBGE model.
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Such relationship was depicted in Fig. 6.6. and 6.7. Their corresponding

parabolic equations can be expressed as:
Male :W =0.00000678 39045
Female : W = 0.00000513 39633

The correlation coefficients ‘r' were obtained from the statistical analysis
as r = 0.96 (P<0.001) in case of male and r = 0.98.(P< 0.001) in female.
The results of the analysis of covariance are shown in Table 6.6. It
revealed that there was no significant difference (F = 3.31, P>0.05) in the
regression coefficients between male and female. Hence, a common
regression for both sexes was calculated, and the common regression

equation was expressed as:
LogW =-5.2462 + 3.0420 Log L
And its parabolic equation is
W = 0.00000567 L>%%°
The common relationship was plotted in Fig. 6.8.

Determining the variation of the regression coefficient value ‘b’ from ‘3’

was tested using ‘t’ test, the value of ‘t’ for both the sexes were as:
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Log W =3.0045L - 5.1691
r=0.9762
n=677
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Fig. 6.6. Length — weight relationship in male S. sihama.
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Fig. 6.7. Length — weight relationship in female S. sihama.
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Table 6.6. Comparison of regression lines of male and female of Sillago sihama by ANOCOVA.

Source of variation Sx?  Sxy Sy? n b Residual .
SS DF
Regression (Female) 3.556961 10.8966  34.53245 790 3.06346  1.151154 788
Regression(Male) 262423  7.8846 248576 677 3.00456  1:.16793 675
Pooled Regression 2.31909 1463
Common Regression ,
6.181192 18.7812  59.3901 1467 3.03400  2.32434 1464

F, 3.31[0.05(1), 1, =] P< 0.025
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4 - LogW =3.042 L-5.2462
r=0.9805
n = 1466
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Fig. 6.8. Combined Length — weight relationship in S. sihama.
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Male: t0.01 (2),675=0.18 P>0.01  not significant.
Female: ¢ 0.01[(2), 788 = 3.1 P<0.01 . significant.
6.3.5. Relative condition factor (Kn)

The monthly variation of Kn in malé and female of S. sihama during
February 2004 — January 2005 was shown in Fig. 6.9. and 6.10. The
fluctuation showed similar trends in both sexes (Fig. 6.9.). In female Kn
fluctuated between 0.90 in September to 1.07 in December. The minimum
value was reported in September and the maximum in December. In male,
the highest value was observed in April and the lowest in September.
Genérélly, Kn values were high during. pre-monsoon (February — May) and
post-monsoon (November - January) and low during the months of

monsoon (July - September) and during October.

Comparing the Kn values with G.S.l. showed that there was no direct

correlation between the two variables, while the correlation between Kn

values and Ga.S.l. was significant in both sexes (r = 0.58, P = 0.025) male
and (r = 0.62, P <0.025) in female. Coincidence of Kn and Ga.S.I. in male

and female was depicted in Fig. 6.9. and 6.10., respectively.

The values of Kn-at different size groups have been plotted separately for

male and female and shown in Fig. 6.11. It showed that Kn remain
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Fig. 6.9. Relative condition factor (Kn) in male S. sihama.
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Fig. 6.10. Relative condition factor (Kn) in female S. sihama.
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almost high and stable from size group 95 - 104 mm to 145 - 154 mrﬁ,
followed by increase in 155 - 164 mm size group in both sexes. From size
group 165 - 174 mm there was a gradual increase in Kn until 185 - 194

‘mm followed by decrease from the size group 195 - 204 mm onwards.

6.4. Discussion
6.4.1. Length frequency distribution (LFD)

As it is clear from Fig. 6.1., the modal progression could not be traced
during a period of one year, so the length at ag; could not directly be
predicted from the monthly LFD data. This difficﬁlty in calculating the age
and growth from monthly LFD of fish may be because this species has

a prolonged spawning period, in which the LFD may not easily indicate the

yearly broods.

In the fish that breeds at short intervals over a prolonged period and
breeding is non-synchronous in the population, a study of the LFD will not
give a propef indication of year classes, because of the entry of broods
into the population several times in a year (Qasim, 1973). Therefore, study
of LFD was carried out based on pooled data, and the resuits were more
satisfactory. From Fig. 6.2., at least two major modes were observed at
125 - 134 mm length and 155 - 164 mm; one minor mode at 205 - 214 mm

was also noticed. Hence, age may be assigned to these modes as 1, 2
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and 3 year groups, respectively. Fish at 0-year group was not clearly
indicated because they were éaught in few numbers and that was
probably due to the fishing gear selectivity in which small fishes could not

be picked up.

Thé other attempt of studying the age and growth in S. sihama was
a combination of LFD data and otolith annual ring count. Based on the
counts of the rings on otolith, the age groups arranged as 0+, 1, 2, 3 year
- and the mean length at each age group was 86.9‘, 129.2, 166.9 and 202.2
mm, respectively. These results were more accurate than those obtained
from direct LFD method. Gowda (1984) has successfully used the
combined method in the study of age and growth of S. sihama at
Mangalore. I-‘Ie reported the presence of four year age group in S.
sihama, with mean length 155mm (0 year ), 205 mm (1 year), 245 mm
(2 years) and 275 mm (3 years). The size at different year classes
disagree with the observation made in the present study. This could be

attributed to variation in environmental conditions.
6.4.2. Growth check on Otolith

Determination of age and growth rate from the study of growth check was
based on the assumption that the checks were annual (Qasim, 1957). The
annuli are formed of alternative opaque (wide) and translucent (narrow)

zones, which accumulate on the otolith. The formation of these zones in

the otolith has been attributed to various factors such as seasonal
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temperature, wet and dry seasons, feeding and reproductive cycles
(Beckman and Wilson, 1995). Width of each opaque zone decreases with
the increase in age, due to decrease in growth rate. Deviation in age

patterns may results from false annuli on the otolith. These annuli tend to

true ones. They most occur at younger ages.

The present study indicated the presence of fish in four age groups in the
population r;amely 0+, 1, 2 and 3 year grbups based on otolith
obsérvations. The mean length for the age groups 0+, 1, 2 and 3 was
arranged as 88, 130.9, 168.3 and 199.8 mm, respectively. Radhakrishnan
(1957) reported the mean length at one to four year age groups as 148,
190, 224 and 240 mm. The variation in size of year classes observed by
others could be related to geographical variation and prevailing
environmental conditions. Krishnamurthy and Kaliyamurthy (1978) found
that the estimated mean length at ages one to five were 60.2, 131.1,
185.4, 227.1 and 265.7 mm respectively. In most recent studies, David
and Pancharatna (2003) reported one to four translucent zones and one to

five opaque zones on the otolith of S. indica.

Work on age and growth of related species from different water systems in
the world have been carried out. From Japanese waters, Sulistiono et al.
(1999) reported that the longevity of specie S. japonica was upto 4 years.

While the study of age and growth of S. aeolus by Rahman and Tachihara
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(2005) suggested that the majority of this species die before reaching
three years old. From Australian waters, sandwhiting species e.g." S.
vittata and S. burrus rarely exceeded two years of age , though a smail
number of S vittata were caught between foqr to seven years old (Hyndes
et al, 1996; Hyndes and Potter, 1997). However, the present study
suggests the longevity of S. sihama upto three years old in Zuari estuary.
The length and weight of the otolith was observed to be increased with the
increase in otolith ring count. Hence, the positive correlation between total
length of fish and otolith length and weight suggest that otolith ring count
can be used to assess the age of this fish as reported by David and

~ Pancharatna (2003).
6.4.3. Growth parameters

The growth parameters K and. L. of the VBGE model are important in
fisheries science. The K parameter is closely related to the metabolic rate
of fish. A high value of K indicates a high metabolic rate and such fishes
mature at early age (tm) or at a size (L) which is large in relation to their

asymptotic length L. (Qasim, 1973).

In the present stUdy, the value of L. = 388 mm was relatively high, and the
growth coefficient K = 0.15 / year was almost medium. Hyndes and Potter
(1997) suggested two categories of growth pattern in Sillago spp. from
éouth Western Australia; the first category included fishes characterized

by relatively small asymptotic length (<190 mm) and high growth
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coefficient K’ (21) whereas those in the second category attain relatively
large size (L. >300 mm) and have growth coefficient K<0.5. Accordingly,

S. sihama from Zuari estuary fall into the second category.

Fishes belonging to the second category attain their sexual maturity at ca.
200 mm, a length reached at the end of the second year life. This is in
close agreement with the present study. In S. sfhama, as in most tropical
fishes which have protracted breeding season, aimost throughout the
year, the entire growth is confined to the pre—mat‘urity phase and has little
growth . after they become sexually mature. Krishnamurthy and
Kaliyamurthy (1978) have calculated L. and K and t, values of .VBGE in
S. sihama from Pulicat Lake and the values are 406.82 mm, 0.2226 /year
and_ 0.2745 year, respectively. The growth parameters reported by Gowda
. (1’984) were 532.5 mm , 0.1548 /year and -1.066 year for L., Kand to by
analytical method and 510.0 mm, 0.1577 /year and -1.09 year by graphical
method, respectively. The growth equation was given by Reddy (1994) as
Lt = 519.16 [1- e 02179 (¢ 0.0890% obtained by analytical method and

Lt = 508 [1- e 02" =009 by graphical method.
6.4.4. Length-weight relationship (LWR)

The regression coefficient of female (3.0633) was found to be higher than
in male (3.0045). From this trend, it may be presumed that female gained
more weight with the increase in length and subsequently age than male;

this difference was not significant as it was revealed from the analysié of

178



covariance [F = 3.3128, 0.05(1), 1, 1464]. Since, there was no significant
difference between slopes of regression lines in both sexes. Such result
makes it necessary to combine a single regression equation to express
the LWR in S. sihama from Zuari estuary. Gowda et al. (1988) reported
that the regression coefficient ‘b’ does not differ signiﬁcantly‘between
sexes in S. sihama from Mangalore waters, while Jayasankar (1991) and
Annappaswamy et al. (2004) fount that the ‘b’ values of male and female

differ significantly at 5 % level.

Although the ‘b’ values were almost equal to the expected value ‘3’ for
ideal fish in both the sexes. The't' test clearly showed no departure from
cube law in male of S. sihama from Zuari estuary. This suggests the
isometric growth in male, while the growth was positive allometric in
female. Althqugh, the difference between the slopes of the regreésion of
“male and female was not significant, it reflects a difference in grthh _
pattern in both the sexes. This difference may be attributed to gonadal
development where weights of gonads of females are higher than thosé of
males leading to.gaining moré weight by female. Dulcic and Karaljevic
(1996) stated that the estimated parameters of length weight relationship
might differ among seasons and years primarily due to physicochemical
characteristics of the environment, sex and maturity stages of a given
species. It has been stated that the variation of ‘b’ is not significaﬁt unlike

‘a’, which may even vary daily Goncalves et al. (1997).
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The correlation coefficients indicate the degree of association between

length and weight of the fish. The high values of correlation coefficients in

both sexes revealed that there is perfect relationship between the two

variables in this species.

Many workers have worked -out the relationship between length and
weight of S. sihama from Indian waters. Radhakrishnan (1957) reported
the relationship between length and weight of S. sihama inhabiting

Mandapam and Rameswaram waters as W = 0.11504 L2%%2 the ‘b’ value

followed the cube law. Krishnamurthy and Kaliyamurthy (1978), Gowda et

al. (1988b) and Jayasankar (1991a) observed that the regression
coefficient were not significantly different from cube law in S. sihama from
Pulicat lake, Netravati-Gurupur Estuary and Gulf of Manpar and Palk Bay,
respectively. Reddy (1993) reported the same in S. _sihama from Kali
estuary. Annappaswamy et al. (2004) also observed. that in S. sihama
from Mulki esfuary the regression coefficient was not significantly different
from ‘3’ only in female, hence female is following the cube law. Narejo et
al. (2003) vre;.mrted a significant difference from cube law in male, female
, andA sexes combined in spiny eel, Mastacembalus armatus from
Bangladesh waters. From the present observations, it was concluded that
the LWR followed cube law only in male of S. sihama.' However, variation
in departure of ‘b’ value from cube law reported by different authors may

be due to difference in the number of samples used for't’ test.
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While studying the LWR in S. vincenti from Parangipettai coastal waters
Chandru et al. (1988) obtained a LWR equation: log W = -4.8282 + 2.8513
log L. The LWR was also estimated in other species of Sillago. Krishnayya
(1963) working on S. panijus reported highly significant difference in the
regression coefficients of immature and mature fishes which significantly
departed from cube law. The LWR of S. sihama has also been estimated
and reported from different water systems in the world. The ‘b’ values of
S. sihama and S. ciliata inhabiting the coral reefs, lagoon and mangrove
areas of New Caledonia were 3.13 and 3.304, respectively (Letourneur et
al., 1998). Harrison (2001) estimated the regression parameters of
S. sihama as a = 1.075x 10™ and b = 3.029 from South African waters.
- Taskavak and Bilecenoglu (2001) studied the LWR of S. sihan5a along
with other seventeen species from the most important species of the
bottom trawl and gill net fisheries in the eastern Mediterranean coast of
Turkey. In this study they found that the parabolic equation for the species
S. sihama was expressed as W = 0.0000014 L>**® with high degree of

correlation (r = 0.93).
6.4.5. Relative condition factor (Kn)

The study showed that there was a definite seasonal cycle in the Kn of |
both sexes of S. sihama. The high values of Kn during February - May
maybe attributed directly to feeding activity during the summer months

(Just prior to the‘major spawning season in S. sihama). Morrow (1951)
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found that( a peak of condition factor is reached at the start of the
spawning season in long horn Sculpin, which could be associated with the

pre - spawning growth of the gonads.

The.gradual decline in Kn from June to Qctober with minimum vaiue in
September coingided with the peak spawning season, may be due to
decline in feeding intensity by the spawner fishes. By November -
December the Kn value started increasing, coinciding with the increase in
the number of the spent fishes. This may be relafed to the increase in the
feeding intensity of the spent fishes to rebuild their body’s reserves. This
resulted in .sharp increase of Kn at the end of spawning and during post
spawning period. It has been pointed out by several authors that the
cbndition of fishes is influenced to a varying extent by several factors.
Baragi and James (1980) found it difficult to explain the changes in
condition of the Sciaenid Johneops osseus based on the intake of food
and sexual cycle. He suggested that this could depend on several other
unknown factors. Seasonal variation of Kn is influences by the gonadal
development, feeding activity and several other factors (Gowda, 1984,

Doddamani ef al., 2001)

In the present investigation, comparing monthly variation of Kn with Gastro
and Gonado somatic indices revealed a significant correlation between Kn
and Gastro somatic index in both the sexes. This suggests that feeding

intensity may be the main but not the only factor responsibie for the

182



monthly variation in Kn in S. sihama. It seems that there is an interrelation
between feeding intensity and reproduction and ‘thesé two factors are the
most important that influence the Kn. These findings corroborate

observations by Qasim (1957) in Centronotus gunnellus and Das (1978) in

Mugil cephalus.

In relation to size, the fishes of the size groups 95 - 104 to 145 - 154 mm
comprised mostly of immature and maturing have high Kn values. This is
expected because of high feeding intensity in. thése size groups. The first
sharp increase of Kn at 155 - 164 mm lengthl in both sexes may reflect .the
length at fifst maturity. The gradual rise in Kn values from group165 - 174
mm to group 185 - 194 mm followed by decrease in largerfishes due
probably to the gain in weight of recovering fishes. The increase in Kn
values after the size group 165 - 174 mm is more rapid in female than in
male, thus indicating the possibility of the fact that recovery after spawning
has more marked effect on Kn of the fehale than male fish. David and
Pancharatna (2003) studied K and Kn in S indica. They reported that the
gradual decrease in the fish cbndition after the size at first maturity may be
due to decline in feeding activity in response to commencement of
spawning period. They also reported decrease in K and Kn yvith the
increase in length and age suggesting that juveniles have a better

condition factor than adults.
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The above,observations revealed that the populationA of S. sihama from
Zuari estuary compris_ing of four year groups. The mean length at different
year groups estimated by LFD and using VBGE are in close agreement
with those estimated by count rings on otolith indicating the validity of
otolith in age determination in tropical fishes. S. sihama in this area
following an isometric growth pattern in male only. Feeding activity and
reproduction cycle are the main factors influence the condition of .the

species.
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Biochemical Composition

7.1. Introduction

On a global scale, fish and fish products are the most important source of
protein in the human diet. This protein is relatively of high digestibility
compared to other protein source. It comprises of all the ten essential
amino acids in desirable quantity for human consumption. All these
properties brings the fish flesh to be in the same class as chicken protein

and are superior to milk, beef protein and egg albumen (Srivastava, 1999).

In general, the biochemical composition of the whole body indicates the
fish quality. Therefore, proximate biochemical composition of a species
helps to assess its nutritional and edible value in terms of energy units
compared to other species. Variation of biochemical composition of fish
flesh may also occur within same species depending upon the fishing
ground, fishing season, age and sex of the individual and reproductive
status. The spawning cycle and food supply are the main factors

responsible for this variation (Love et al., 1980).

An increasing amount of evidences suggest that due to its high content of
polyunsaturated fatty acid fish flesh and fish oil are beneficial in reducing
the serum cholesterol (Stansby, 1985). In addition to that, the special type

of fatty acid, omega-3 polyunsaturated fatty acid, recognized as an
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important. drug to prevent a number of coronary heart 'diseases
(Edirisinghe, 1998). It is recommended by cardiologists to use generous
quantities of fish in food to obtain adequate protein without taking in
excessive fatty acids and lipids (Dyerberg, 1986; Kinsella, 1991). The
nutrition experts and people who are interested in caloric content of the
food for weight control also require information on biochemical

composition of the diet.

Although several studiee deal with the preximate composition of
biochemical components of many commereially important . fishes
(Parulekar, 1964; Nair, 1965; Raje, 1969; Qasim, 1972; Ramaiyan et al.,
1976; Sivakami e_t al., 1986; Sinha and Pal, 1990; Das and Sahu, 2001),
but no work on similar lines has been carfied out in S. sihama particularly
from Goa waters. Therefore, the ‘present study was undertaken to
elucidate the dynamics of biochemical composition ef muscle of S. sihama

with reference to season and size.
~ 7.2. Material and methods

Samples ef S. sihama were collected from Zuari estuary (Dona Paula)
duringv the period of January 2004 to April 2005.The specimene were
properly cleaned in the laboratory and the total length, total weight, and
sex were determined. Based on their total length, fishes were arranged
into size groups. Gonads and general viscera were removed and

preserved in 5 % formaldehyde for further study. Body muscle samples
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(free from. skin and scales) from four to six specimens were pooled
together and used for the analysis of biochemical compdnents every -
month. Similarly, a composite sample of fish repreéenting different size
groups was taken to study the dynamic of biochemical constituents in this
tissue. Estimation of the moisture content was carried out by drying the
pre-weighed wet samples at 60 °C until a constant weight was obtained.
The difference in weight was calculated and expressed as percentage
moisture content of the sample. Percentage was calculated by the

following formula.

Wet weight of tissue— Dry weight of tissue "
Wet weight of tissue

Moisture% = 100

The dried samples were finely powdered using mortar and pestle and

stored in desiccator for further analysis.

Lipid was estimated by the method of Folch et al. (1957). Ten mg of dried
sample was homogenized in 10 ml of chloroform-methanol .mixtu're
(2/1 viv). The homogenate was centrifuged at 2000 rpm. The supernatant '
then washed with 0.9% saline solution (KCI) to remove the non-lipid
contaminants and allowed to separate .The upper phase was discarded by
siphoning. The lower phase was allowed to dry in an oven and the weight
was taken. The lipid content was expressed as Percentage by the

following formula.
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Weight of lipid (mg)

‘ Lipid %=
Weight of sample(mg)

x100

- Protein was estimated following tﬁe method of Lowry et al. (1951). To a 10
mg of sample 1 ml of 1N NaOH was added for protein extraction in water
bath for 30 minutes. Thereafter, it was cooled at room temperature and
~ neutralized with 1 ml of 1N HCL. The extracted sample was centrifuged at |
2000 rpm for 10 minutes, and an aquUot of the sample (1 ml) was further
diluted with distilled water (1/9 v/v). From the diluted sample, 1 ml Was
taken and treated with 2.5 mi of mixed reagent (carbonafe - tartfate -
copper) and 0.5 ml of 1IN Folin’s reagent. After 30 minthes, sarﬁple
absorbency waé read at 750 nm using spectrophotometer. The results

were expressed as percentage.

Total Carbohydrate was estimated by the phenol sulphuric acid method
(Dubois et al., 1956). Sample of dried tissue (10 mg) was treated with 2 mi
of 80 % sulphuric acid and was allbwed to digest for about 20 - 21 hours
at room temperature. Two ml of 5 % phenol reagent followed by 5 ml }'of
concentrated sul;;huric acid were added to the digested sample and was
_allowed to cool. Absorbency was measured at 490 nm. The
" concentrations were expresSed as percentage. All the values of

biochemical components were expressed as percentage dry weight basis.

Caloric content was calculated by muitiplying the concentration of various

components with conversion factors 4.15, 9.4, and 5.65 for carbohydrate,
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lipid and protein, respectively, (Phillips, 1969). The caloric values were
expressed as calories per grafn (cal/l gm) on dry weight basis. All the

estimations were done in triplicate and mean values were calculated.
7.3. Results

Both, seasonal and size wise variation in biochemical Components are
tabulated in Table 7.1., Fig. 7.1. — 7.4. and Table 7.2., Fig. 7.5! - 7.8,
v'reépectively. Moisture forms the major component of the biochemical
compoéition with an annual average value of 77.8 % + 1.033 throughout
the investigation period. The seasonal variation was in the range of 76.2 -
79.6 %.The moisture content was observed to be high from January to
March (79.3 % - 79.1 %) followed by gradual decline until June (76.9 %).
it was steady during July - September after which mo’isture content
increased until November followed by sharp decline to reach its minimum
value in December 2004 (76.2 %) (Fig. 7.1.). Related to size of the fish,
there was a slight fluctuation in moisture content. The value was low in the
size group 85 — 94 mm and fluctuated within a very narrow range from the
size group 95 - 104 mm to the size group 145 - 154 mm, followed by
increase in the size group 155 - 164 mm. In the size group 165 - 174 mm

moisture content was decreased followed by gradual increase until the
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Table 7.1. Seasonal variation in the biochemical components of the musclé of S sihama.

Moisture Lipids ‘ Carbohydrate Protein Total Caloric
Month/compos : % . . : ) A value
Yo cal/gdrywt. %  call g dry wt. %  cal/gdry wt. (cal/ g)
Jan 7932 3.20 300.80 0.46 19.09 19.21 1085.33 140522
Feb 79.27 2.25 211.50 0.58 24.07 19.13 1080.66 1316.23
_Mar 79.08 2.65 24127 0.52 2158 2280 128828 1551.13
Apr 78.47 3.05 286.70 0.57 23.66 23.19 1310.44 1620.80
May 77.91 419 393.86 0.35 14.48 22.38 1264.37 1672.71
Jun 76.99 4.07 378.74 0.54 22.53 24.73 1397.34 1798.61
Jul 77.04 3.79 356.73 0.44 18.47 21.65 1222.96 1598.16
Aug 78.09 - 312 292.97 0.56 21.08 22.63 1278.36 1592.41
Sep 78.20 2.94 276.26 0.63 26.23 23.89 1349.51 1652.00
Oct 78.70 269 249.53 0.54 22.41 24.27 1371.09 1643.03"
Nov 79.40 2.16 20210 048 20.09 24.96 1410.17 1632.35
Dec 76.20 3.04 286.23 0.44 1843 - 2123 1199.63 1504.29
Jan 77.43 3.00 246.75 0.53 19.30 22.67 1280.70 1546.74
Feb 77.06 3.76 353.84 0.58 24.07 22.97 1297.61 1675.52
Mar 76.62 3.87 363.47 062 2565 20.46 1155.89 1545.01
Apr 76.70 2.83 280.12 0.59 2461 23.73 1340.77 1645.50
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Fig. 7.4. Monthly variation of carbohydrate content in S. sihama.
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size group 205 - 214 mm. There after the moisture content was decreased
(Fig. 7.5.). The moisture content was independent of size class as no

coincident pattern was noticed.

Seasonal variation of Lipid content ranged between 4.2 % in August and
22 % in November (Fig. 7.2.). The average value was about
3.2 % = 0.615 indicating that this species is moderéte fat fish. The
percentage of lipid content showed a low values during. January - April,
followed by sharp increase in May - June just prior to spawning season.
Thereafter, gradual decline was observed to reach its lowest value in
November, after which the vaiue increased. Lowest value coincided with
peak spawning season. Inverse relationship between lipid and. moisture
content was observed from thenegative correlation between the two
constituents (r = - 0.6, P<0.05). Lipid content in relation to size group
showed a slight fluctuation (Fig. 7.6.). High value was recorded in the size
group 85 — 94 mm followed by decrease in the next size group, 95 -104
mm. Thereafter, gradual increase in lipid content was observed until the
size group 145 - 154 mm. Sharp decrease was observed in the size group
155 - 164 mm, which coincided with the first maturity, followed by increase
in the next size group 165 — 174 mm. Thereafter, lipid content decreased
and showed low values in 205 — 214 mm and 225 - 234mm size groups.

No consistent pattern was discernible in relation to the size of the fish.
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Table 7.2. Changes in the biochemical components of the muscle of S. sihama in different size groups.

Lipids Carbohydrate Protein Caloric
Moisture value
Size gro_L!pI % Total cal/
Composition % call g dry wt % cal/ g dry wt % call g dry wt g

85-94 75.95 3.75 352.50 0.71 29.40 17.78 1004.85 1386.75
95-104 77.07 2.99 262.26 0.54 22.59 13.84 782.07 1066.91
105-114 77.54 3.24 310.72 0.50 - 20.94 16.98 959.36 1291.01
115-124 77.32 3.25 305.97 0.563 21.81 16.96 958.19 1285.97
125-134 7757 3.01 283.96 0.51 2112 14.45 816.47 1121.55
135-144 77.46 3.89 347.92 0.53 20.25 17.58 993.18 1361.35
145-154 77.21 3.46 323.22 0.49 20.50 21.02 1187.39 1531.10
155-164 77.88 3.11 298.06 0.49 20.52 13.09 739.49 1058.07
165-174 77.07 3.70 333.23 0.52 21.56 - 17.96 1014.76 1369.55
175-184 77.80 2.99 279.31 0.53 21.85 - 14.96 845.05 1146.21
185-194 77.63 2.93 275.42 0.48 20.00 16.11 910.37 1205.79
195-204 77.80 2.55 239.70 0.40 16.76 16.02 905.12 1161.58
205-214 78.38 2.25 211.50 0.46 19.21 18.50 1045.09 1275.79
215-224 77.71 2.65 249.10 0.38 15.85 15.31 864.88 1129.83
225-234 77.24 1.60 150.40 0.43 17.97 18.15 1025.26 © 1193.63
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As shoWn in Table 7.2. & Fig. 7.3., protein content of S. sihama varied'
from 19.13 to 24.96 %. The average value was calculated to be 22.49 % +
1.772. Thera was a gradual increase from January to June followed by
slight decrease in July. From August to November, protein values were
obviously increased to reach the maximum value (24.96 %) in November.
Anothar decline was recorded in December - February. The lowest value
was recorded in February while the highest was in November. Protein
aontent was fluctuating with the growth in size of the fish and-did not show
a distinct pattern. The highest value was recorded in the size group
145 — 154 mm and the lowest value in the size group155 - 164 mm (Fig.

7.7.).

Carbohydrate occurs in a very minute quantity in the rish tissues. In the
present study, it varies between 0.35 % and 0.63 % with an average value
~of 0.53 % £ 0.075. Monthly variation shown that carbohydrate fluctuated
between 0.46 and 0.57 % from January to April followed by a sudden fall
to 0.35 % in May. Abrupt increase was observed in June (0.54 %) to
September (0.63 %) with slight decrease in July. Thereafter, there was a
decline in carbohydrate values until December (0.44 %). The lowest value
was recorded in May 2004 and the highest in September 2004 (Fig. 7.4.).
Percentage of carbohydrate with reference to size group was stable and
did not show a specific pattern (Fig. 7.8.).The results may therefore
summarized that there was a similarity, observed between the

carbohydrate content and protein content, in which both the constituents
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have Idwqr values synchronized with the post-spawning and early

maturation phases.

Average total caloric value of the biochemical components that utilized as
energy sources viz Lipids, protein and carbohydrates were calculated as
‘ ‘w,qsissm., cal/ g,12m82+ 100.16 call gand 21.61+316call g
on dry weight bésis, respectively. Monthly variation of total caloric values
is given in Fig. 7.9. Total caloric value observed during the study period
ranged betweeh 1316.23 cal/l g and 1798.6'i cal/ g. Caloric value
increased from February (lowest value) to June (highest values)
(Fig. 7.9.). It remained stable from July to November with slight decrease
in December followed by gradual increése. Total caloric value in different
size group is shown in Fig. 7.10. Positivé correlation was observed
between the caloric value and the lipid content (r = 0.456,' P< 0.05). The
caloric value showed highly significant correlation with the protein content

(r=0.856, P< 0.001) (Table 7.3.).

7.4. Disc'ussi.on

The chemical composition of marine organisms comes quite close to that
of iand animals. The principle constituents are water (66 — 84 %), protein
(15 — 24 %), lipids (0.1 — 22 %), minerals (0.8 — 2 %) and sugar in very

~ minute quantity-(0.3%) at maximum value in fishes (Jacquot, 1961).
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Table?. 3. Correlatipn matrix between the biochemical constituents and

caloric content.

% Totalcal/
%Moisture % Lipid Carbohydrate % Protein g
%Moisture : 1
% Lipid -0.6** 1
% Carbohydrate -0.04922 -0.2493 1
% Protein -0.05258 -0.05957 0.135462 1
| Total car/g 036046 0455016  0.02469  0.85592* 1
**P<0.01 *** p <0.001
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In the présent investigation, the main constituents of the muscles of
S. sihama were estimated to be 76.19 - 79.57 %, 19.13 - 24.96 %,
2.16 - 4.19 % and 0.3 - 0.6 % for moisturé content, protein, lipids and
carbohydrates, respectively. Depending ubon the level of lipids in the fish
muscies, fishes are classified into three categories e.g. fat fish with mbre
than_ 8 % average fat content, average fat fish with fat content vary
between 1 % and 8 % and lean fish with fat content less than 1%
(Srivastava, 1999). Accordingly, S. sihama having an average 3.16 % fat

content falls into the second category (average fat fish).

The significance of the seasonal variation in biochemical constituents.is _
complex and it is almost‘impossible to distinguish between the effects of
many factor'.;, which influence the biochemistry -of the fish. In fis_hes,‘ the
bioéhemical content is related to maturation of gbnads and the food supply
(Jacquot, 1961; Medford and Mackay, 1978). The biochemical
constituents are also influenced by metabolism mobiiity.of the fish and
geographical area (Stansby, 1962). Marked changes were observed in the‘
biochemical composition of the muscle of S. sihama during different
seasons of the year, which may be the result of the processes mentioned

above.

Seasonal variation in the moisture content of the body muscles of S.
sihama showed decrease in the moisture content from January - May

which coincided with the increase in water salinity. However, with the
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onset of monsoon, the moisture content values increased from July until

October, with the advancement in maturation and spawning activity.

The moisture was inversely related to lipid content in the present 'study.
The inverse relationship has also been reported in marine fishes such as
Mugil cephalus (Das, 1978); Sarda sarda (Zaboukas, 2006) and
freshwater fishes Mystus seenghala (Jafri, 1968) and Ophicephalus
punctatus (Jafri and Khawaja, 1968). Ramaiyan et al. (1978) reported that
generally when oil content is high the moisture co.ntent is low in Septipinna |
taty, whereas, Shekhar et al. (2004) reported that moisture content did not
significantly differ according to season in Labeo rohita, énd Was low when
other constituents (Lipid, protein and carbohydrate) were high: The
moisture content was high during monsoon and part of post-monsoon
when the lipid content was low. That can bé ascribed to similar rapid fall in

lipid content during spawning season.

It has been reported by Das (1978) thatA high values of moisture content in
. Mugil cephalus could be due to the decline: in food intake during the
monsoon months when the water would be highly turbid and heavily silt
loadéd: Similarly, in the present study high moisture was reported ‘during
the second half of monsoon season. The results of the present study
revealed that'changes in moisture content in the muscle of S. sihama
could be attributed to changes in Iipid level directly and to spawning and

feeding intensity indirectly.
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Fat have a special importance to the animal body, which are primarily
a source of energy in the diet. They offer higher calories percentage
energy (9.5) than that offer by protein and carbohydrate (4 each). Fats
also pad to keep different body organs in place. Moreover,v fats give the

diet its particular flavors.

Seasonal differences in the availability of food and changes in the
reproduction cycle have considerable effect on the tissue biochemistry of
the fish, particularly fat (Bumb, 1992). Fishes liké other animals, store fat
in their muscle for the supply of energy during starvation and reproductive
phases. The greatest concentrations of fat may be found at.the én_d of
prolific féedingvin summer and the least in winter (Love, 1980). Intensive
feeding in Ambassis commersoni coincides with the occurrence of high fat

content in the muscle of fish (Bumb, 1992).

Intensive feeding in S. sihama in January and April - May (pre-spaWning) |
coincided with relatively high values of lipids. With the comhencing of
spawning seasdn in June, feeding activity also decreased until October.
There was a parallel decrease in the muscle lipid during same period. This
could be attributed to less food intake. Richard (1997) suggested that

during starvation the source of energy is lipid and carbohydrate in fishes.

A rise in the fat content of mackerel muscles before spawning followed by
a fall after spawning was observed by Chidambaram et al. (1952).

Reduction in- the lipid content during the spawning season has been
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recorded in Bregmaceros mclellandi (Parulekar and Bal, 1969), Mugil
cephalus (Das, 1978) and Ambassis commersoni (Bumb, 1992). The fat
content of common carp reached the lowest level in the spent stage,

indicating its utilization in spawning activity (Masurkar and Pai, 1979).

Changes in the muscle fat were not well marked with the growth of the
fish. The lipid content showed a gradual increase with the increase in
length until the size group 145 - 154 mm, which showed the maximum
lipid content value. Sudden decline in the next g‘roup 165 - 164 mm may
sorrespond to first maturity. While, low values in very large sized indicates
that beyond a certain size range the fish becomes leaner. This agrees with
the findings of Sekharan (1950). Such distribution of lipids in the muscles
of S. sihama suggests that the energy demands during the growth are not
met by the muscle fat. Higher fat and protein were observed in ripe and
gravid fish where a low level of fat and protein was recorded in spent and

young fish (Bhuyan et al., 2003).

Protein was the most dominant biochemical constituent in the muscle of
S. sihama. Protein values were observed to increase from July to
November when maximum numbers of mature fishes were found. Decline |
in protein content in December and remain almost low until February,
coincided with post-spawning period. Parulekar (1964) reported maximum
protein content in the spawning specimens and the minimum associated

with the spent and early maturation phases. Protein content can be
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correlated with t_he~ phases of maturity and spawning (Parulekar.and Bal,
1969). Accordingly, protein content goes on increasing with the
advancement in maturity. Similar elucidation in Mugil cephalus was
suggested by Das (1978). He noticed that high values of protein coinciaed
with the spawning season when the gonads were ripe and the decline
coincided with post spawning period. In the présent stud‘y,,ﬁit/seems that
fish was utilizing fat as a main source of energy, sparing protein for
bodybuilding. This was corroborated by findings recorded by Phillips et al.
(1966). They found that carbohydrates were utilized for energy by trout
and thus spared protein for protein purposes in the body. Protein is not an
efficient- energy source for fish. It will be used for energy if the available
energy from other sources (lipid and carbohydrates) is ihéufficient
(Phillips, 1969). Rattan (1994) suggested that protein and visceral lipid
resources may be utilize in the pre-spawning period and the muscle
reserve in the post - spawning period in Etroplus suratensis. Therefore,
~ the sequence of mobilization of endogenous source of energy could be

the possible reason of high level of lipid content in the mature spawners.

Van Boherhen and Lambert (1980) that the highest protein content in -
pre-spawning stage might be due to its ready supply suggested it by the
liver. Medford and Mackay (1978) showed that muscle protein and lipid of
northern pike, Esox lucius were high before spawning and low after
spawning. This could be attributed to the fact that these constituent might

have been utilized for spawning and gonadal development. While studying
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the biochemica] composition of Cyprinus carpio Sivakami et al. (1 986) had
found that protéin for germ building was mobilized from the muscle
especially in stages | to IV of maturity. Changes in the protein content
during spawning season may occur due to chahges in the endocrine
system that mohitors supply of nutrients to gonads from all parts of body

including liver and muscles (Sinha and Pal, 1990; Jyotsna et al., 1995).

Protein cycle and lipid cycle of muscle in S. sihama were more or less
inversely related. It seems that there is an altern‘ative uses of the energy
sources (lipids and protein) in S. sihama. Jafri (1968) also noticed such
relationship in Mystus seenghala. The protein cycle in muscle does not
seem to be influencéd greatly by feeding _iﬁtensity. Heavy feeding during
slemer (pre-monsoon) and low feeding during post-monsoon showed no
corresponding decrease or increase in protein in S. sihama. Similar
findings were reported by Bumb (1992) in Ambassis commérsoni, in which
she observed that protein does not show any relationship with intensity of
feeding.' Bernard (1976) reported that hepatic and extra-hepatic and
glycogen stores serves for metabolic needs during food shortage, while
body protein is conserved. Similarly, Norman (1980) sug.gested that in

snakehead, protein catabolism is reducing with the onset of starvation.

Rattan (1994) reported that moisture content and protein gradually

decreased in mature male and ripe female, which corresponds to the

cessation of feeding in the mature and ripe stageé’. |
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Carbohydrates fofmed a minor percentage of the total composition of the
muscle. The low values of carbohydrates recorded in the present study
could be because glycogen in many marine animals does not contribute
much to the reserves in the body (Jayasree et al., 1994). Ramaiyan et al.
(1976) reported similar findings in 11 species of Clupeids. Vijayakumaran
(1979) stated that carbohydrate plays a minqr part in energy reserves of
Ambassis gymnbccephalus and depletion due to spawning is negligible.
Phillips et al. (1966) reported that cérbohydrates are utilized for energy in

trout, thus sparing protein for building of the body.

There are two types of food energy e.g. heat, which is useful for the
maintenénce of body temperature and free energy that used for body
metabolism. However, the food energy including both the types is express
as heat. The unit used to express the food energy in nutrition studies is
calorie (cal) or kilogram calorie (Kcal). Variation pattern observed in
caloric values indicates a direct association between lipid content and high
degree of association between protein content and caloric value. The
highest caloric value was recorded in the size group 145 — 154} mm when
| ‘they are 2 two years old just prior to first maturity. The value decreased in
the next size group 165 - 164 mm (siie at first maturity). This indicated
that the fish starts utilizing the endogenous source of energy for gonads

building.
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The study of the proximate composition of S. sihama revealed that it is
rich in protein and average in lipid content. Variation in biochemical
composition in present study seems to be governed by spawning cycle

and feeding activity.
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~ Chapter 8



Fishery and Culture Possibilities

8.1. Introduction

Fish has been a major commodity in trade for more than thousand years
and seafood has significantly influenced the living conditions of coastal
people all over the world. Fishing and fisheries contribute more than any
other animal production activity to protein intake in most of the developing
regions of the worid. India has an extensive coastline of about 8129 km,
comprising estuaries, lakes, lagoons, swamps, and mudflats extending
between 8° 4’ and 37° 6’ north latitudes, and 67° 7' and 97° 25’ east

longitudes.

Indian Ocean occupies an area of 20.8 % of the world ocean; it yiélds only
~ about 8.2 % of the total global fish catch (Pandey and Shukla, 2005). in
addition, India is blessed with vast inland water resources in the form of
rivers, estuaries and mangrove wetlands. The total fish catch of India for
2004 was 6,399,390 tones in which production from inland water was

more than 50 %.

Sillaginids or sandwhitings are highly esteemed food fishes in Indian
waters from Hoogly River in the east coast to Goa in the west coast
(Sujatha, 1987). Among Sillaginids occurred in Indian waters, S. sihama is

commercially the most important. Fishing for S. sihama is carried out all
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round the year with peak during the months of monsoon (June —

September), when the sea fishing is suspended.

Although Goa is the smallest maritime state of india, it contributes about
3 % of the total marine fish catch in the country (John, 2006). The total fish
production of Goa was 101 thousand tones in 2005. S. sihama forms a
minor but important fishery from both marine and inland waters in Goa.
The species is locally referred to as “Muddoshi”. Although, it is a highly
esteemed fish by the medium and rich clqsses dﬁe to which it commands
high price, it is available in small quantities during different seasons in the |

market.

Although, traditional culture of marine finfish has been practiced in Goa,
these are known to be used for traditional culture of two major cultivable
groups, namely Milkfish Chanos chanos and Grey mullets Mugil cephalus

(Nammalwar, 1997).

In the view of its importance in_the fishery and absence of ény published
information on the fishery of this species from this area, the present study
was undertaken. The data used have been collected from Directorate of

Fisheries, Government of Goa, Panaji.
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8.2. Fishing Methods

In India, large varieties of crafts and gears have been desighed for marine
and inland fishing. The fishing methods used for S. sihama are the same
- that commonly operated in estuaries and backwaters. The main types of
gear commonly used in the Mandovi - Zuari estuarine system and inshore
waters for the capture of this species are Hook and line, stake net, Gill net
and shore seines. Accidentally they are also caught during trawling. Slight

maodification has been made to these gears to suit local condition.

8.2.1. Hook and Line

This is the ancient method for catching fishes. The principle of line fishing
is to offer a bait to entice the fish. The gear consists of a string made of
nylon and cotton firmly tied with a small hbok at the end. The free end of
the line is attached with long bamboo stick (2-5 rﬁeter long). The baits
used (clams meat, shrimp and Nereid worms) are fixed on the hook. The
hook having bait remains in the water and the bamboo stick is held 4in_
hand. This m‘ethod used to capture S. sihama in Mandovi - Zuari estuarine

system and also in inshore waters of Goa throughout the year. -

8.2.2. Shore seines

Shore or beach seines are generally used during the monsoon months

when fishing in deeper areas is not possible due to changes in weather
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condition. This gear is small shore seine consisting of some pieces of
" rectangular ngts joined together. It is operated from the beach to surround
a small érea of the inshore waters. As the fish trapped in the encircled
regions, the net is then dragged on the shore. It is used throughout the

year especially during monsoon seasons in estuaries and inshore waters.

8.2.3. Gill nets

These nets are Iocélly referred to as “Kantai*. These are wall-like hets of
various sizes and meshes. It is made of number of piecés of variable
I'engths joined together. Floats are attached to the net to keep it vertical
and straight. Capture is, however, more successful in the night due to
invisibility of the nets. Gill nets are operated close to the mouth of the
estuary. During monsoon sééson,_ bigger sized fishes of the species are
caught in large numbers by these nets as the mesh size is sufficient to

catch the larger fish.
8.2.4. Stake net

Stake net is set depending upon the tidal direction. The gear has conical
netting and is made of nylon twine. The net also consists of a scare line
tide to the stake with coconut leaves for driving tﬁe fish into the net. While
the head robe is tide to the stake, lead sinkers are attached at the base of
the net. Generally, bamboo poles are used as stakes. The gear is

operated at a depth of about 4 - 5 meters and the net is set facing
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direction of the tide. Once the gear is set an area of about % to 1 km is
encircled by the scare line using a dug out canoe. Then the scare line is
slowly brought towards the net to direct the fishes into the net. Later, the

netis hauled vertically and catch is removed.
8.3. Age and Size composition

The commercial catches of S. sihama ranged from 85 to 234 mm in total
length from Zuari estuary through out the year. The predominant size
- groups in the catches ranged between 120 and 170 mm length. Only small . |

numbers of fishes measuring upto 225 mm were found in the catches. -

Combaring with age determination data, the catches comprised of oné to
two year groups. The largest size group upto 225 mm and-at about three
years old forms only a small portion of the catch. The later group was
caught during monsoon months. From the ébove trends, it was found that
fishes of size ranged from 120 tb 170 mm when.they are almost one to

two years old and are the predominant in the catches of S. sihama in Goa.
8.4. Productions of Sillago sihama

Although S. sihama forms one of the economically important species of
fishes from Goa coast, its contribution is minor in both marine and inland
catches. The importance of S. sihama as food fish is perhaps under

estimated because in many areas they are taken by small-scale fishermen
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usci!ng seine, net and hook-and-line in large quantities and do not

necessarily enter records of commercial catches (McKay, 1992).

The percentage contribution of S. sihama in the total fish catch of Goa
during the period from 1997 to' 2005 is given in Table 8.1. and the annual

fluctuation of its catch is shown in Fig. 8.1,

Goa has one of the most productive fishing grounds élon'g the west coast
of India. These grounds provide several commercially important species of
finfish as well as shellfish. The total fish catch of Goa fluctuating between
60075 metric tones and 103091 metric tones during 1997 - 2005 with an
average of 76815.67 metric tones. During 1997 to 2005, the catch of S.
sihama increased' from 42 metric tones (0.05 % ofrtotal catch) in 1997 to
190 metric tones (0.27 %) in 2001, with an average of 106.56 metric toﬁes '
(0.14 %). The fluctuation in the annual catch of S. sihama may be
attributed to multi-fishing. Comparing with the total catch S. sihama has a
poor landing during the period 1997 - 2005, despite its economic

importance.

Table 8.2. shows the production of S. sihama from marine and inland
waters of Goa during 1997- 2005. It is clear from table that the landing of
S. sihama from marine water fluctuated between 5 metric tones in 2003 to

55 metric tones in 1998. While the Catches of S. sihama from inland
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Table 8.1. Percentage contributions of S. sihama of the total fish catch of
Goa during 1997 - 2005.

. Marinelcatch Inlandfcatch
Sl Veaw (MRTionnes), (MYTlonnes)] el
1 1997 10 32 42
2 1998 55 106 161
3 1999 13 72 85
4 2000 15 107 122
5 2001 17 173 190
6 2002 8 77 85
7 2003 5 70 75
8 2004 15 74 89
9 2005 27 83 110

Table 8.2. Production of S. sihama from Goa waters during 1997 — 2005.

S5 ramalc atch) ota/catch)

llo Ve o) @Toms) %
1 1997 42 91277 0.05
2 1998 161 67236 0.24
3 1999 85 60075 0.14
4 2000 122 64563 0.19
5 2001 190 69386 0.27
6 2002 85 67563 0.13
7 2003 75 83756 0.09
8 2004 89 84394 0.11
9

2005 110 103091 0.1
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Fig. 8.1. Total catch of S. sihama from Goa waters during 1997 — 2005,
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Fig. 8.2. Average percentage contribution of S. sihama from marine and
inland waters of Goa during 1997 — 2005.
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water fluctuated between 32 metric tones in 1997 and 173 tones in 2001.
This indicates that the catch of S. sihama from inland waters was better

than that from marine (Fig. 8.2.).
8.5. Culture Possibilities

Aqqatic anfrrl'als including fishes hold a greater productive potential than
terrestrial animals for many reasons. The mbst important reasons are the
body temperature, which is near that of their environment, and the body
density is similar to habitat (Parker, 2002). With these two properties, the
energy required to Jegulate the body temperature and. that to over come
gravity can be directed towards growth. This can enhance the growth rate.
Another important feature of aquatic animals is that they inhabit
multidimensio‘nal environment, where different species inhabit different
space and position within the water body. This expands the aquaculture
options at one site. In addition, the efficient food conversion increases the

nutritional values of the animal.

Choosing a fish 'species for aquaculture is important for successful culture
(Parker, 2002). The candidate species should héve a number of features

for successful culture, these are:
¢ Reproductive habits must be understood.

¢ The fish should produce massive quantities and occur frequently.
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e Egg, and larvae requirements, a stable supply of seed must be .

available.

e The next factor to consider is the nutritional needs and feeding

habits:"
e Adaptability to crowding.
‘e Disease resistance.
e Market demand.

S. sihama possesses most of the features of a candidate species
mentioned above. In-the recent past, S. sihama has been considered for
culture in both freshwater and saltwater systems (Dhulkhed and
Ramamurthy, 1977; Kaliyamurthy, 1979; James et al., 1976, 1984a,
- 1984c; Alagarswami, 1990). It has a prolonged spawning season, spawns
more than once in a single spaWning season, having high egg production.
Hence, the seed afe available throughout the year. Earlier workers have
reported the abundance and seed resources availability in different
seasons and regions. Small-sized Juveniles of S. sihama have been
observed in the Gulf of Mannar and the Palk Bay during rainy season
(Radahakrishna, 1957 and James et al, 1984d), from the south Kanara
coast (Ramamurthy and Dhulkhed, 1975), from Gangoli estuary (Jemes et

al., 1976). Fry of S. sihama were obtained in the surf region of the sea at
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- Calicut during January- February and October (Mohan, 1980). Post—lar;/ae
and Juveniles of S. sihama were available in good fwanﬁties throughout
the year in the Pulical Lake (Ramamurthy et al., 1978; Ramamﬁrthy, 1985;
Roa et al., 1984) and ih Palk Bay (James et al., 1984). They were also
reported in the fishery resource of Uttara Kanada District (Reddy and
Shanbhogue, 1990). In Goa waters, it is available in large number in the
inshore waters in all the months (Ansari et al., 2006). Thus, it seems that
the seasonal abundance of the seeds of S. sihama may be similar 4in both
east and west coasts of India with slight variation in the 'peak months of

abundance.

S. sihama feeds on a wide range of food items, which can be supplied
directly from the environment. Being a non-predatory, it can be cultured in
a poly culture system along with other species. Some experiments were
carried out on thé poly culture. At Mangalore S. sihama was cultured with
 Chanos Chanos, Liza macrolepis, and Penaeus indicus, and the growthl '
rate of 10.6 mm, 57.4 mm, 28.2 mm, respectively, were recorded. At
Tuticorin Chanos chanos, Valamugil seheli and S. sihama were kept in
pen culture, and the average monthly g‘rowth increment recorded were
22.7 mm, 26.9 mm and 16.8 mm, respectively. Rabbit ﬁshes,'groupers
and sandwhiting S. sihama were cultured in a cage culture (James et al.,
1984b). The average monthly growth rate fof S. sihama was 10 mm. The

results of these experiments are encouraging.
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Considering the biological information available of S. sihama and its
ability to withstand very wide range of salinity (Bal and Rao, 1984), S.

sihama is suitable for culture in both the brackish water and fresh waters.

Owing to the natural abundance of the seeds of S. sihama and its
demand in the local market, culture of the species should be attempted on
a large scale in Goa waters. This will increase the yield and generate

employment opportunities for the fishermen communities.
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Summary

Goa with about 105 km long coastline has vast resources of marine shellfish and
finfish. Fish is a protein rich food and for the state of Goa it assumes special
significance as it forms one of the chief components in the diet of about 90% of
the population (Ansari, 2004). S. sihama is a highly esteemed fish, due to which
it commands high price in the local market. It forms a minor but important fishery

from both marine and inland waters in Goa.

In view of its importance in the fishery and absence of any published information
on its eco-biology and fisheries from Goa coast, the present study was
undertaken for a period of sixteen months from January 2004 to April 2005. The

highlights of the resuits are as follows:
Environmental parameters

Seasonal variation of the major hydrographical parameters such as temperature,
salinity, dissolved oxygen and pH of Zuari Estuary were recorded during the
study period. The study revealed that southwest monsoon rain and land drainage
seem to play an important role in changing the physico-chemical paraméters of

the estuarine waters.

The temperature and salinity values were low during monsoon than during pre

and post-monsoon seasons. Rainfall has a direct effect on the temperature and
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salinity. In contrast to salinity, dissolved oxygen values increased during
monsoon months. Higher values of pH were recorded during pre-monsoon and

post-monsoon, and low during monsoon coincident with the decrease in salinity.

Morphometrics

Interrelationships between morphometric measurements of S. sihama were
statistically analyzed. Fourteen parameters were used and regression equations
for each were formulated to evaluate the growth rates of different body
measurements in relation to total length. The equations describing these

relationships in male and female, respectively, are

Standard length
Head length
Snout length
Postorbital length
Interorbital length
Eye diameter

Pre first dorsal fin

Pre second dorsal fin

Y=-6.3971 + 0.9067 X,
Y=4.6721 +0.2013 X,
Y= 1.6364 + 0.095 X,
Y= 0.1737 + 0.0996 X,
= -1.3067 + 0.0642 X,

Y= 16411+ 0.0441 X,

Y = 3.8917 + 0.2743 X,

Y =-4.5639 + 0.5186 X,
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Y = -5.3507 + 0.8974 X
Y=2.9188 + 0.2196 X
Y=-0.7322 + 0.1160 X
Y=1.272 +0.0887 X
Y= 10,4908 + 0.0851 X
Y= 1.9332 + 0.0427 X
Y = 2.1307 + 0.3255 X

Y = -5.4519 +0.5281 X



Pre pectoral length Y =-54735+0.2741X, Y=0.8617+0.2677 X

Pre pelvic length . Y = 1.8355 + 0.2681 X, Y = 0.0166 + 0.2879 X
Pre anal length - Y=-3.8179+0.5086 X, Y =-7.7459+0.5428 X

Body depth - Y =-44198 + 0.1862 X, Y =-3.6020+ 0.1815 X
Depth through anal fin Y =-6.4499 +0.1915 X, Y =-7.6755+0.2014 X
Caudal peduncie depth Y =0.5395 + 0.0616 X, Y = 0.6470+ 0.0612 X,
X represents total length and Y the other Variables)

Of the fourteen morphometric characters examined the maximum growth rate in

relation to total length was noticed in standard length and the minimum was
observed in eye diameter. Established corfelation coefficients (r) showed high
positive significant correlation (P<0.001) in bot_h the sexes.' The highest-
correlation coefficient was observed between totaln length and standard length
(r = 0.998) in male and (r = 0.999) in female. The lowest was between postorbital
length and eye diameter (r = 0.889) in male and (r = 0.836) in female.
Comparisons of slopes estimated in above relationships showed significant
differences between male and female (P<0.001) except'_for th'e relationship.

between caudal peduncle length and total length.
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Food and Feeding habiis

According to type of food S. sihama can be classified as euryphagous
carnivores, feeding on a wide range of planktonic and benthic organisms. The

monthly percentage composition of food revealed that S. sihama feeds mainly on

crustacean, polychaete, fish larvae and mollusca.

The ontogenetic dietafy change was distinctive in S. sihama in the present study.
Small fishes are exclusively planktonic feeders subsisting mainly on small
crustacean, crustacean eggs and larvae, fish eggs, molluscs larvae énd
polychaetes. The planktonic prey in the diet of S. sihama is gradually decline in
fishes above 94 mm total length and being replaged by benthic food items
(polychaetes, crabs, small prawns, Shrimps, Amphipods, Isopods, Tannaids,

Molluscs and fish larvae).

The feeding activity of S. sihama fluctuated with season as well as maturity
stages. The intensity of feeding was high during pre-spawning (March - May) and
post-spawning seasons V(January - February), low during spawning season (Juné

- December).
Reproduction

Maturity stages were classified based on the macroscopic appearance of gonads

and microscopic study of the intra-ovarian eggs in female. Accordingly, five
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maturity stages were recognized in S. sihama. They are immature, maturing,

mature, ripé and spent.

The ova diameter studied indicate the gradual continuous maturation processes
in the species. Presence of more than one mode of ova within a wide size range
in the matured ovaries revealed that S. sihama spawn intermittently throughout |
the year with a peak in Septerﬁber - November. The percentage frequency of
mature gonads also suggests that this species hés a prolonged spawning season
extending from June to December ‘with highest sbawning activity during

September to December in both the sexes.

In the present study, the smaliest size at which mature specimens were found
was 138 mm and 135 mm in male and female, respectively; while the 50 %
maturity was found to be at 155 - 164 mm size group. Hence, 155 - 164 mm was
considered as the size at which both the sexes attain sexual maturity when they

are 2 2 years old.

The sex ratio of the population shows that the sexes are equally distributed with

a ratio of 1: 1.13 of male : female.

The fecundity values were found to vary from 11,376 to 103,695 in specimens
ranging between 150 mm to 342 mm with mean fecundity value of 42,575.
Relationships between fecundity and other parameters such as total length of

fish, weight of fish and weight of gonads were statistically analyzed. Fecundity
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showed significant linear relationship with the three parameters with high degree

of association being 0.73, 0.77 and 0.76, respectively.
Age and growth

Age of the fish was. determined by‘ growth check on hard parts (otolith). The
detérmination made on the basis that successive rings are formed as the fish
grows in age. The mean length of S. sihama at various age groups e.g. 0+, 1, 2,
3 years was estimated as 88, 130.9, 168.3 and 199.8 mm, respectively. T.he
relationship between total length of the fish and length and weight of the otolith
revealed that there was a highly significant association between total length of
fish and length and weight of the otolith (r = 0.94 & 0.93) (F<0.001), the

regression equations were given as:
Y (T.L)=1.474 + 0.0364 X (O.L)
Y (T.L) =-0.0492 +0.0006 X (O.W).

Since, it was not possible to determine the age directly from the length
frequency data, it was done based on the data of otolith study. The average

lengths were 86.9, 129.2, 166.9 and 202.2 mm at 0+, 1, 2, 3 years, respectively.

The growth parameters were determined by VBGE model based on the otolith
study dafa. The growth equations derived by analytical and graphical methods

are:
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Lt = 390[1- e 019%7 -1990) & | t = 388 [1- @ 01526 & (1O respectively. -

There was a close agreement between the mean length at various age groups

and growth rate derived by the three methods. This suggests the validity of otolith

in age determination of trdpical fishes.

The length-weight relationship separately for male and female was found to be

as.
Male :LogW=-5.1691+3.0045logl o
Female : Log W = - 5.2898 + 3.0633 Log L

The correlation coefficients T were obtained from the statistical anélysis as
(r = 0.96, P<0.001) in case of male and (r = 0.98, P<0.001) in female indicating
perfect relationship between the two parameters in both sexes. Sin_ce, there was
no significant difference between the s.lopes ‘D" of the two- regreséions,

a common regression for both sexes was calculated as:

Log W =-5.2462 + 3.0420 Log L

Variation of the regression coefficient value ‘b’ from cube law using ‘t’ test
revealed that-although the “b” value was almost equal to 3 in both sexes, female
showed significant departure from 3. This suggests that only male of S. sihama

inhabiting this area is following the cube law showing isometric growth pattern. '
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The pattern of fluctuation of relative condition factor during different months of
the year seems to be similar in both sexes of S. sihama. This pattern was found
to simulate the pattern of the gastro somatic index. Although feeding intensity
showed a positive correlation with Kn values, the fluctuation in Kn of both the
sexes cquld not be attributed to feeding intensity or reproductive cycle alone. It
seems that there is an interrelation between feeding intensity and reproduction
and these two factors are the most important factors influencing the Kn

S. sihama.
Biochemical composition

Sea-sonal variation in the biochemical composition of the muscle of S. sihama
were studied and‘ the average values of the rﬁajor components were 77.‘8 +1.03
% moisture content, 3.2 £ 0.62 % lipids, 22.49 + 1.77 % protein and 0.53 + 0.07
% carbohydrate. The results indicate inverse relationship between moisture
content and lipids. The protein content goes on increasing during the spawnihg
season when the lipid content decreases, suggesting that there is an alternative
use of protein and lipid as energy source in this species. Variation in biochemical
composiﬁon in the present study seems to be governed by spawning cycle and

feeding activity.
Fishery and Culture possibilities

S. sihama forms about 0.14 % Of the total fish catch of Goa. It forms a minor but

economically important fishery in Goa. Although, it is highly esteemed by the
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medium and hi'gh‘ classes in Goan society, S. sihama is present in the local
market in a limited quantity. The catches comprised of two to three year groups
(120 - 170 mm length). Hook and line, gill net, small shore seine and stake net
are the main gears used for the capture of this species in the estuarine, inshore

and backwaters.

Study of different aspects of the ecology and biology of S. Sihama indicates the

suitability of this species for culture in both the brackish water and fresh waters.

229



References



Ahmed,l M. and Abbas, G. 1999. Abundance of the Fin-Fish and Shell-
Fish Juvenile in the Intertidal Zone of Miami Hor  Lagoon in

(Bolochistan, Pakistan). Pak. J. Zool., 31: 187-195.

Ahmed, M.; Ayub, Z.; Zaib, U. N. and Niser 1999a. Distribution and

" Abundance of Juvenile and Subaduit Fishes in Sindh Creeks and Back

Waters (Pakistan). Pak. J. Zool., 31(4): 327-338.

Ahmed, M.; Delgado, C.; and Sverdrup Jensen, 'S. 1999b. The
Growing Need for Fisheries Policy Research in Developing. Countries;
[In: Fisheries Policy Research in Developing Countﬁes: Issues,
" Priorities and Needs; (Eds.): Ahmed, A., Delgado, C., Sverdrup

Jensen, S. and Santos, R. A. V.}; ICLARM conf. proc.; pp 14.

Alagarswami, K.; 1990. Status of Coastal Aquaculture in India; [In:
Aquaculture in Asia; (Ed.): Joseph, M. M.}, Asia Fisheries Society,

Indian branch: pp 163-190.

Al-Haésan, L.A.J. and Shwafi, N.A.A.1997. Asymetry Analysis in Two
Marine Teleost Fishes Collecting From the Red Sea Coast of Yemen.

J. Anim. morphol. Physiol., 44(2): 83-87.

Allen, G. R.; Midgly, S. H. and Allen, M. 2002. Field Guid_e to the
Freshwaters Fishes of Australia: Western Australian Museum, Perth,

Western Australia; 394 pp.

230



Annappaswamy, T. S.; Reddy, H. R. V. and Nagesh, T. S. 2004.
Length-Weight Relationship of Indian Sandwhiting, Sillago sihama

(Forskal) in Mulki Estuary, Mangalbre; J. Inland Fish. Soc. India; 36:
18-22.

Anonymous, 1978. Zuari-Mandovi Project (A Water Pollution Survey

Study); Town and Country Planning Department, Govt. of Goa, Daman

and Diu (mimeo).

- Ansari, Z. A. 1988. Ecology of Meiobenthos in Two Estuaries of G_oé; A

Ph. D. Thesis Submitted to University of Bombay; 224 pp.

Ansari, Z. A. 2004. Fish and Fisheries of Goa Coast; [In: Know Our
Shore: Goa, (Ed.): Untawale, A. G.]; WWF for Nature - India, Goa state

office; pp 110-119.

Ansari, Z. A.; Achuthankutty, C. T. and Dalal, S. G. 2006. Over
‘Exploitation of Fishery Resources, With Particular Reference to Goa;
[In: Multiple Dimensions of Global Environmental Changes (Ed;):

Sonak, S.]. TERI, New Delhi; pp 285-299.

Antony, G. and Antony, A. 2001. Biochemical Composition of Lucifer

hanseni from the Cochin Estuary; Indian J. Fish.; 48(1): 41-47.

Antony, G. P., George, J.; Mathew, A, Giri, S.; Chakravarly, G.;
Chakraborty, S. K. and Roy, D. 2005. ichthyofauna of the Mangrove

Ecosystem; [In: Mangrove Ecosystems, A Manual for mm&

231



of Biodiversity; (Ed.): Parayannilam, G. S.]; Central Marine Fisheries‘

Research ‘Institute, Cochin, India; pp 83-115.

Ayub, Z. and Ahmed, M 2001. Winter Abundance of Juvenile Fin-Fish
and Shell-Fish in Korangi Creek, Karachi (Pakistan), Northern Arabian

Sea; Pak. J. Zool.; 33(2): 131-136.

Bagenal, T. B. 1978. Aspects of Fish Fecundity; [ In: Ecology of
Freshwater Fish Production; (Ed.): Gerking, S. D.]; Wiley;"New York;

pp 75-101.

" Bal, D.V. and Rao, K. V. 1984. Marine fisheries; Tata McGraw - Hill

Publishing company Limited; 457 pp.

Bapal, S. V. and Bal, D. V. 1958. Food of Some Young Fishes from

Bombay Waters; Proc. Ind. Acad. Sci.; 35: 78-92. .

Baragi, M. V. and James, P. S. B. R 1980. Length-Weight
‘Relationships and Condition Facfor of the Sciaenid Fish, Johnieops

osseus (Day); Indian J. Mar. Sci.; 9(1). 67-68.

*Basu, K. P. and De, H. N. 1938. Nutritional Investigation of Some

Species of Bengal Fish; Ind. J. Med. Res.; 26: 177-196.

Beckman, D. W. and Wilson, C. A., 1995. Seasonal Timing of Opaque

Zone Formation in Fish Otoliths; [In: Recent Developments in Fish

232



Otolith , Research; (Eds.): Secor, D. H.; Dean, D. H. and Campana, S.

E.J; University of South Carolina press; pp 27-34.

Begg, G. A Friedland, K. D. and Pearce, J. B., 1999. Stock
Identification and Its Role in Stock Assessment and Fishery

Management: An Overview; Fisheries Research; 43: 1-8.

Bensam, P. 1987. On the Early Developmental Stages of a New

Fishes from Vellar Estuary; J. Mar. Biol. Ass. India, 29(18&2): 257-272.

Bensam, P. 1990. Eggs and Early Larvae of the Sand Whiting, Sillago
sihama (Forsskal); Indian J. Fish., 37(3). 237-241.

Bernard, W.; Ince and Alan, T. 1976. The Effect of Starvation and
Force-Feeding on the Metabolism of the Nrthern Pike, Esox lucius L.;

J. Fish. Biol., 8(1). 79-88.

~ Beverton, R. J. N. and Holt, S. J. 1957. On the Dynamic of the

Exploited Fish Population; Fish. Invest., London; 533 pp.

Bhargava, R. M. S.; Selvakumar, R. A. and Singbal, S. Y. S. 1973.
Hydrobiology of Surface Waters along Panaji — Bombay Coast. Indian

J. Mar. Sci.; 2(2): 103-107.

Bhuyan, H. R.; Chowdhury, M. B.; Nath, K. K; Seal, P. and Hag, M. A.

2003. Studies' on the Biochemical Parameters of Cynoglossids in the

233



Kutuboha Channel, Bangladesh; Bangladesh J. Sci. Ind. Res.; 38:

91-96.

Blaber, S. J. M. 1980. Fish of Trinity Inlet System of North Queensiand
- with Notes on the Ecology of Fish Faunas of Tropical of Indo-Pacific

Estuaries;-Australian J. Mar. Freshw. Res.; 31(2): 137-146.

Blaber, S. J. M. 1997. Fish and Fisheries of Tropical Estuaries;

Champan and Hall, London; 388 pp.

Blaber, S. J. M. 2000. Tropical Estuarine Fishes: Ecology, Exploitatidn

and Conservation; Blackwell Science Ltd.; 372 pp.

Bond, C. E. 1979. Biology of Fishes; Saunders College Publishing,

Philadelphia; 514 pp.

Brett, J. R. and Groves, T. D. 1979. Physiological Energetics; [In: Fish
Physiology; (Eds.): Hora, D. J.; Randall and Brett, J. R.}; Academic

| press, New York; pp 279-352.

Brown, J. A. 1985. The Adaptive Significance of Behavioural Ontogeny

in Some Centrachid Fishes. Environ. Biol. Fish., 13: 25-34.

Bumb, S. 1992. Studies on the Biology of Commersoni's Glassy

Perchiet Ambassis commersoni (Cuvier); A Ph.D. Thesis Submitted To

Goa University.

234



Burton, B. I. 1965. The Heinz Handbook of Nutrition; McGraw Hill, New

York; 99 pp.

Cabral, H. N.; Marques, J. F.; Rego, A. L.; Catarino, A. |.; Figueiredo,
J. and Garcia, J. 2003. Genetic and Morphological Variation of
Synaptura lusitanica Capelilo, 1868, along the Portuguese Coast; J.

Sea Res., §0: 167-175

*Carlender, K. 1969. Handbook of Freshwater Fishery Biology; lowa

State University Press, America.

Carvaiho, G.R. and Hauser, L. 1994. Molecular Genetics and the Stock

Concept in Fisheries; Rev. Fish Biol. Fish.; 4. 326—350.

Celand, K. W. .1947. Studies on the Economic Biology of the
Sandwhiting (Sillago ciliate, C. & V.); Proc. Linn. Soc. N. S. W.; 72:

215-228.

Chacko, P. I. 1949. Food and Feeding Habits of the Fishes of the Guif

of Mannar. Proc. Indian Acad. Sci.; 29-B: 83-97.

*Chacko, P. |. and Srinivasan, R. 1954. Hydrology and Fisheries of the

Vamasdhara Estuary; Contr. Freshw. Fish. Biol. Sta., Madras; 9: 13'.

*Chacko, P. I.; Abraham, J. G. and Andal, R. 1953. Report on a Survey
of the Flora, Fauna and Fisheries of Pulicat Lake, India; Contr. Freshw.

Fish. Biol. Sta., Madras., 8: 20 pp.

235



Chan, S. L.; Huang, C. F. and Tang, H. C. 1985. Survey of Fish Larvae
and Juveniles in the Coastal Waters off the North-Western Coast of

Taiwan; Coa-Fish. Ser.; 2: 111-144.

Chandru, A. P.; Raja, M. M. R. and Balasubrahmaniyan, K. 1988.
Taxonomic Features and Food of the Sandwhiting Sillago vincenti
Mckay; [In: The First Indian Fisheries Forum, Proceedings; (Ed.):
Joseph, M.M.]; Asian fisheries society, Indian branch, Mangalore; pp

243-245.

Chari, S. T. 1948. Nutritive Value of Some of the West Coast Marine
Food Fishes of the Madras Province; Ind. J. Med. Res.; 36(3): 253-

259.

Charian, T.; Gangadhara Rao, L. V. and Varma, K. K. 1975. Variations
in Physical Characteristics of the Waters of Zuari Estuary; Indian J.

Mar. Sci; 4(1): 5-10.

Chatterji, A. and Ansari, Z. A 1982. Fecundity of Dolphin Fish,

Coryphaena hippurus L. Mahasagar, Bull. Natl. Inst. Oceano.; 15(2):

129-133.

Chatterji, A. K. 1976. Studies on the biology of some carps. A Ph.D.

Thesis submitted to Aligarh Muslim University. 127 pp.

236



Chidambparam, K.; Krishnamurthy, C. G.; Venkatraman, R. and Chari,
S.T. 1952. Studies on the Mackerel Fat Variation and Certain

Biological Aspects; Proc. Ind. Acad. Sci.; 35(2): 43-68.

Clayton, J. W. 1981. The Stock Concept and the Uncoupling of
Organismal and Molecular Evolution; Can. J. Fish. Aquat. Sci;

38:1515-1522.

Cleland, K. W. 1947. Studies on the Economic Biology of the

Sandwhiting Sillago ciliate (C&V); Proc. Linn. Soc. N. S. W.; 72: 215-
A}

228.

Costanza, R.; Arge, R.; Groot, R.; Farber, S.; Grasso, M.; Hannon, B.:
Limburg, K.; Naeem, S.; Robert, V.; Paruelo, J.; Raskin, R. G.; Satton,
P. and Belt, M. V. 1997. The Value of the Worlds Ecosystem Services

and Natural Capital; Nature; 387: 253- 260.

Das Gupta, M. 1991. Biométry of the Mahseer, Tor Putitora (Ham.)

Collected from Garo Hills, Meghalaya; Indian J. Fish.; 38(2): 129-131 .

Das Gupta, M. 2002. Fecundity of Mystus gulio (Hamilton) from West

Bengal; Indian J. Fish.; 49(4): 457-459.

Das, H. P. 1977. Seasonal Variation in the Biochemical Composition
and Caloric Content of Mugil cephalus (Linnaeus) from the Goa

Waters; Mahasagar, Bull. Natl. Inst. Oceano; 11: 177-184.

237



Das, H. P. 1978. Studies on the Grey Mullet, Mugil cephalus
(Linnaeus) from the Goa Waters; A Ph.D. Thesis Submitted to the

University of Bombay.

Das, M. and Mishra, A. 2006. Impact of WTO on Indian Fisheries; [in:
Fishes and Fisheries Conservation and Sustainable Development;

(Eds.): Gaonkar, R. R.; Patit, R. B. and Rodrigues, M. D. C.]; APH

Publishing corporation, New Delhi; pp 21-25.

Das, S. and Sahu, B. K. 2001. Biochemical Composition and Célorific
Content of Fishes and Shellfishes from Rushikulya Estuary, South
Orissa, Coast of India; Indian J. Fish.; 48(3). 297-302.

David, A and Pancharatna, K. 2003. Age Determination of the Indian |
Whiting, Sillago indica Using Otolith Ring Count; Indian J. Fish.; 50:

215-222.
Day, F. 1876. The Fishes of India; London; 1: 264-265.
Day, F. 1889. Fauna of British India; Fishes. London; 2: 222-223.

De Souza, M., B. D.; Nair, S.; Loka Bharathi, P. A. and
Chandramohan, D. 2003. Particle-Associated Bacterial Dynamics in
Tropical Tidal Rlain (Zuari Estuary, India); Aquat. Microb. Ecol.; 33:

29-40.

238



De Souza, S. N. 1977. Monitoring of Some Environmental Parameters

at the Mouth of the Zuari River, Goa; Indian J. Mar. Sci.; 6(2): 114-117.

De Souza, S. N. and Sen Gupta, R. 1986. Variations of Dissolved

Oxygen in Mandovi and Zuari Estuaries; Indian J. Mar. Sci.; 15: 67-71.

De Souza, S. N.; Sen Gupta, R.; Sanzgiri, S. and Rajagopal, M. D.,
1981. Studies on Nutrients of Mandovi and Zuari River Systems;‘ Indian

J. Mar. Sci.; 10: 314-321.

Dehadrai, P. V. 1970. Observations on Certain Environmental
Features at the Dona Paula Point in Marmugao Bay, Goa; Proc. Indian

Acad. Sci.; 72(2). 56-67.

Dehadrai, P. V. and Bharagava, R. M. S. 1972. Seasonal Organic
Production in Relation to Environmental Features in Mandovi and Zuari

Estuaries; Indian J. Mar. Sci.; 1. 52-56.

Desai, V. R. 1970. Studies on the Fishery and Biology of Tor tor

(Ham.) from River Narbada; J. Indian Fish. Soc. India; 2: 101-112.

Devanesan, D. W. and Chidambaram. 1948. The Common Food -
Fishes of the Madras Presidency; Department of Industries and

commerce, Madras; 79 pp.

239



Devassy, V. P. 1983. Plankton Production Associated with Cold Water
Incursion into the Estuarine Environment; Mahasagar, Bull. Natl. Inst.

Oceano.; 16(2). 221-233.

DeVlaming, V. L. 1972a. T-he..Effécts,of Temperature and Photoperidd
on Reproductive Cycling in the Estuarine Gobiid Fish Gillichthys
mirabilis;, NOAA fish. Bull.; 70: 1137-1152. |

DeVlaming, V. L. 1972b. Reproductive Cycling in the Estuarine Gobiid

Fish Gillichthys mirabilis; Copeiai;, 2: 278- 291.

Dhuikhed, M. H. and Ramamurthy, S. 1977. A Note on a Preliminary
Experiment on the Culture of Sillago sihama (Forskal) at Mangalore;

Indian J. Fish.; 24: 229-231.

Doddamani, M.; Ramesha, T. J.; Laxmipathi, M. T.; Annappaswamy, T.
S. and Shanbhogue, S. L. 2002. Reproductive Potential and Growth of
Stolephorus bataviensis from Dakshina Kannada coast; Indian J. Fish.;

49(3): 321-325.

Doddamani, M.; Rameshaand, T. J. and Shanbhogue, S. L. 2001.
Length-Weight Relationship and Condition Factor of Stolephorus |

bataviensis from Mangalore Area; Indian J. Fish.; 48: 329-332.

Dubois, M.: Gilles, K. A.; Hamilton, J.-K.; Robers, R. A. and Smith, F.
1956. Colorimetric Method for Determination of Sugars and Related

Substances; Analytical Chemistry, 28: 350-356.

240



Dulcic, J. and Karaljevic, M. 1996. Weight-Length Relationships for 40
Species in the Eastern Adriatic (Croatian Waters); Fisheries Research:;

28: 243-251..

Dutt, S.-and' Sujatha, K. 1980. On the Seven Spec'ies of the Family
Sill.aginidae from Indian Waters. Mahasagar, Bull. Natl. Inst. Oceano. ,

13(4): 371-375.

Dutt, S. and Sujatha, K. 1982. On the New Species ofSillago cuvier,
- 1817 (Taleostei; Sillaginidae) from India; Proc. Indian Natl. Acad. Sci.;
48(5): 611-614. )

- Dutt, S. and Sujatha, K. 1984. A New Record of Sandwhiting Sillago
intermedius (Wondratana, 1977) (Pisces: Sillaginidae) from Indian

Waters; Mahasagar, Bull. Natl. Inst. Oceanogr; 17(3): 187-188.

Dyerberg, J. 1986. Linolinate Derived Poly-Unsaturated Fatty ‘Acids

and Prevention of Atherosclerosis; Nut. Rev.; 44: 25-31.

Edirisinghe, E. M. R. K. B.; Perera, W. M. K,; Tayasooriya, S. P.;
" Bamunuarachchi, A. 1998. Health Related Fatty Acids in Some Pelagic

Fishes in Sri Lanka; Sni Lanka J. Aquat. Sci.; 3: 97-107.

FAO (Food and Agriculture Organization). 1997. The State of World

Fisheries and Aquaculture 1996; FAO, Rome; 43 pp.

241



Folch, J.; Lees, M. and Stanley, G. H. S. 1957. A Simple Method for
the Isolation and Purification of Total Lipid from Animal Tissues; J. Biol.

Chem.; 226: 497-509.

Foote, C. J.; Wood, C. C. and Withler, R. E. 1989. Biochemical Genetic
Comparison of Sockeye Salmon and Kokane, the Anadromus and
Nonanadromus Forms of Oncorhynchus nerka; Can. J. Fish. Aquat.

Sci.; 46: 149-158.

Ford, E. 1933. An Account of the Herring Investigations Conducted at
Plymouth during the Year from 1924-1933; J. Mar. Biol. Ass. U.K.; 19:

305-384.

Gangadhara Rao, L. V.; Charian, T; Varma, K. K. and Varadachar, V.
V. R. 1976. Hydrographic Conditions Flow Pattern in Chémbarjua

Canal, Goa; Indian J. Mar. Sci.; 5(2): 163-168.

*Godsil, H. C. 1948. A Preliminary Pbpulation Study of the Yeliow Fin
Tuna and the Albacore; Calif. Fish. Game, 70: 1-90. |

Goncalves, J. M. S.; Bentes, L.; Lino, P. G.; Ribeiro, J.; Canario, A.V.
M. and Erzini, K. 1997. Weight-Length Relationships for Selected Fish
Species of the Small-Scale Demersal Fisheries of the South and

South-West Coast of Portugal; Fish. Res.; 30: 253-256.

Gowda, H. H.; Joseph, P. S. and Joseph, M. M. 1988a. Feeding

Ecology of the Indian Sandwhiting, Sillago sihama (Forskal); [In: The

242



First Indian Fisheries Forum, Proceedings; (Ed.): Joseph, M. M.]; Asian

Fisheries Society, Indian Branch; pp 263-266.

Gowda, H. H.; Joseph, P. S. and Joseph, M. M. 1988b. Growth,
Condition and Sexuality of the Indian Sandwhiting, Sillago sihama
(Forskal); [In: The First Indian Fisheries. Forum, Proceedings; (Ed.):

Joseph, M. M.]; Asian Fisheries Society, Indian Branch; pp 229-232.

Grimes, C. B,; Johnson, A. G, and Faber, W. A. 1987. Delineation of
King Mackerel (Scomberomorus cavalla) Stocks Along the US Easf
Coast aﬁd in the Gulf of Mexico; [In: vProceedings of Stock
I'dentification Workshop; (Eds.): Kumpf, H. E.; Vaught, R. N.; Grimes,
C. B; Johnson, A. G. and Nakamura, E. L.]; Technical Memorandum

NMFS-SEFC-199: pp 186—187.

Guncu, A. C., Avdar, D. and Vysai, N. 1994. Distribution and
Occurrence df Red Sea Fish at the Turkish Mediterranean Coast

Northern Cilician basin. Acta Adnatica; 34: 103- 113.

Gunn, J. S. and Milward, N. E., 1985. The Food, Feeding Habits and
Feeding Structures of the Whiting Species Sillago sihama (Forsskal)
and Sillago analis Whitley from Townsville, North Queensland,

Australia; J. Fish. Biol.; 26(4): 411-427.

Haddon, M. and Willis, T. J. 1995. Morphometric and Meristic

Comparison of Orange Roughy (Hoplostethus  atlanticus,

243



Trachichthyidae) from the Puysegur Bank and Lord Howe Rise, New-
- Zealand, and its Implications for Stock Structure; Mar. Biol: 123:

19-27.

Hajisamae, S.; Chou, L. M. and lbrahim, S. 2004. Feeding Habits and

Trophic Relationships of Fishes Utilizing an Impacted Coastal Habitat,

Singapore; Hydrobiologia; 520: 61-71.

Hajisamae, S.; Chou, L. M. and lbrahim, S., 2003. Feeding Habits and
Trophic Organization of the Fish Community in Shallow Waters of an

Impacted Tropical Habitat; Est. Coast shelf Sci.; 58: 89-98.

Hajisamae, S.; Yeesin, P. and |brahim, S. 2006. Feeding Ecology of
Two Sillaginid Fishes and Trophic Interrelations with Other Co-existing
Species in the Southern Part of South China Sea; Environ. Biol. Fish.,

76: 167-176.

Harrison, T. D. 2001. Length-Weight Relationships of Fishes from

South African Estuaries; J. Appl. Ichthyol.; 17. 46-48.

Hayward, C. J. 1997. Distribution of External Parasites Indicates
Boundaries to Dispersal of Sillaginid Fishes in the Indo-West Pacific;

Mar. Freshw. Res.; 48: 391-400.

Head, P. C. 1985. Salinity, Dissolved Oxygen and Nutrients; [In:
Practical Estuarine Chemistry: a Hand Book; (Ed.): Head, P. C.J;

Cambridge U.niversity Press; pp 94-125.

244



*Heincke, D. F. 1898. Naturgeschichte Des Herring; Abhandlungen
Doutsch Seefisch Verein; 2: 128-233. |

*Houde, E. D. 1989. Comparative Growth and Energetics of Marine
Fish Larvae; [In: Third ICES Symposium on the Early Life History of
Fish, 3-5 Oct 1988; (Eds.): Blaxter, J. H. S.; Gamble, J. C. énd Von

Westernhagen, H.}; Bergen, Norway; pp 479.

Hyndes, G. A. and Potter, I. C. 1997. Age, Growth and Reproduction of
sillago schomburgkii in South-Western Australian near Shore Waters
and Comparisons of Life History Styles of a Suite of Sillago Species;

Env. Biol. Fish; 49: 435-447.

Hyndes, G. A.; Platell, M. E. and Potter, I. C. 1997. Relationships
between Diet and Body Size, Mouth Morphology, Habitat and
Movements of Six Sillaginid Species in Coastal Water: Implications for

Resource Patrtitioning; Mar. Biol.; 128: 585-598.

Hyndes, G. A. Potter, I. C. and Heps, S. A. 1996. Relationships
between the movements, Growth, Age Structures and Reproductive
Biology of the Teleosts Sillago burrus and S. vittata in Temperate

Marine Waters; Mar. Biol.; 126: 549-558.

Hynes, H. B. N. 1950. The Food of Freshwater Sticklebacks

Gasterosteus aculeatus and Pygosteus pungitius, With a Review of

245



Methods Used in Studies of the Food of Fishes; J. Anim. Ecol.; 19: 36-
58.

Hyslop, E. J. 1980. Stomach Contents Analysis - A Review of Methods

and Their Application; J. Fish. Biol.; 17: 411-429.

Ihssen, P. E.; Bodre, H. E.; Casselman, J. M.; McGlade, J. M.; Payne,
N. R. and Ulter, F. M. 1981. Stock Identification Material and Methods;

Can. J. Fish. Aqua. Sci.; 38: 1838-1855.

Ingole, B. S. and Parulekat, A. H., 1998. Role of Salinity in Structuring

the Intertidal Meiofauna of a Tropicél Estuarine Beach; Field Evidence;

Indian J. Mar. Sci.; 27(3-4): 356-361.

Jacquot, R. 1961. Organic Constituents of Fish and Other Aquatic
Animals Foods; [In: Fish as Food, Vol.1; (Ed.): Borgstron, G.]

Academic press Inc., New York; pp 145-192.

Jafri, A. K. 1968. Seasonal Changes in the Biochemical Composition of

the Cat-Fish, Mystus seenghala (Sykes); Broteria; 37: 45-58.

Jafri, A. K. and Khawaja, K. D. 1968. Seasonal Changes in the
.Biochemical Composition of the Freshwater Murrel, Ophicephalus

punctatus Bloch; Hydrobiologia; 32: 206-218.

James, P. S. B. R. and Najmuddin, M. 1986. Recent Observations on

Physico—Chemical Characteristics of the Lagoon on the Palk Bay at

246



Mandapam with a Note of its Utilization for Large Scale Fish Cultﬁre;
Proc. Symp. Coastal Aquaculture part -4 culture of other organisms4

etc., Marine biological Association of India; 1039-1046.

James, P. S. B. R, Verghesé, T. J. and Devaraj, K. V. 1976. Some
Observations on the Possibilities of Culture of the Indian Sandwhiting
Sillago sihama (Forsskal) in Brackish Waters; J. Inland Fish. Soc.

India; 8: 212-220.

James, P. S. B. R.; Mohanraj, G.; Rengaswamy, V. S. and Raju, A.
1984a. Preliminary Experiments on the Culture of Grey Mullets at

Mandapam; Proc. Symp. Coastal Aquaculture; 3: 791-796.

James, P. S. B. R,; Rengaswamy, V. S.; Raju, A. and Mohanraj, G.
1984b. Studies on Diurnal Variations in the Occurrence of Grey Mullet

Seed at Mandapam; Proc. Symp. Coastal Aquaculture; 3: 765-775.

James, P. S. B. R.; Soundararajan, R. and Rodrigo, J. X. 1984c.
A Study of the Seed Resource of the Indian Sandwhiting Sillago

sihama (Forskal) in the Palk Bay; Indian J. Fish.; 31(3): 313-324.

James, P. S. B. R.; Soundararajan, R. and Rodrigo, J. X. 1984d.
Preliminary Studies on Culture of Fin-Fishes in Cages in the Coastal

Waters of Palk Bay at Mandapam; Proc. Symp. Coastal Aquaculture;

3: 910-915.

247



Jayabalan, N. 1986. Reproductive Biology of Silverbelly Leiognathus

- Splendens (Cuvier) at Porto Novo; Indian J. Fish.; 33(1): 171-179.

Jayasankar, P. 1991a. Length-Weight Relationship and Relative
Condition Factor in Sillago sihama (Forsskal) from Mandapam Region;

Indian J. Mar. Sci.; 38: 183-186.

Jayasankar, P. 1991b. Sillaginid Fishes of Palk Bay and 'Gulf of
Mannar with an Account on the Maturation and Spawning of Indian

Sandwhiting, Sillago sihama (Forskal); Indian J. Fish.; 38(1): 13-25.

Jayasankar, P. and Alagarswami, K. 1993. Studies on the
Reproduction of Indian Sandwhiting Sillago sihama (Forsskal)

(Sillaginidae, Percoidei); CMFRI Spl. Publ.; 56: 77-82.

Jayasankar, P. and Alagarswami, K. 1994. Histlogical and
Hivstochemical Observations on the Oocytes in the Sandwhiting Sillago

sihama (Forsskal); Proc. Indian Natn. Sci. Acad.; 60(2). 173-182.

Jayasree, V. A.; Parulekar, H.; Wahidulla, S. and Kamat, S. Y. 1994,
Seasonal Changes in Biochemical Corﬁposition of Holothuria

vieucospilota (Echinodermata); Indian J. Mar. Sci.; 23: 17-119.

Jennings, S.; Kaiser, M. J. and Reynolds, J. D. 2001. Marine Fisheries

Ecology; Blackwéll Science Ltd, London; 417 pp.

248



Jiang; y., Wan, R. and Chen, R.1988. Investigation of Eggs and Larvae
of Osteichthyes in the Bohai Sea. Mar. Fish. Res. Héiyang Shuichan
Yanjiu; 9: 121- 14,

John, M. E. 2006. Code of Conduct for Responsiblé Fisheries and lIts
Application to Management of Marine Capture Fisheries in India; [In:
Fish and Fisheries Conservation and Sustainable Development; (Eds.):
Gaonkar, R. R,; Patit, R. B. and Rodrigues, M. D. C.]; APH Publishing

corporation, New Delhi: 27-38.

Joséph, M. M. 1980. Brackish Finfish and Shellfish Seed Resources of
Karnataka. Proc. of the Seminar on Some Aspects of Indian

Aquaculture in Karmataka; 17-26.

Jyotsna, K.; Nilesh, K.; Verma, P. K. and Fasihuddin, M. D. 1995.
Distribution of Bio Constituents in Various Tissues during Pre and
Post-Spawning Periods of Channa striatus (Bloch); J. Inland Fish. Soc.

India; 27(2). 14-17.

Kader, M. A.; Bhuiyan, A. L Manzur, A. R. M. M. and Khuda, I. 1988.
The Reproductive Biology of Gobioides rubicundus (Ham. Buch.) in the

Karnatphuli River Estuary, Chittagong; India J. Fish.; 35: 239-250.

Kaliyamurthy, M. 1984. Observations on the Larvae and Juveniles of
Sillago sihama from the Pulicat Lake. Proc. Symp. Coast. Aquaculture;

3: 758-764.

249



Kaliyamurthy, M.; Rao, G. R. and Rao, A. V. P. 1977. Ecological
Considerations Concerning the seed of Cultivable Fishes of Pulical

Lake. Indian J. Fish.; 24(18&2): 223-229.

Kato, M.; Kohono, H. and Taki, Y. 1996. Juveniles of Two Sillaginads,

Sillago aeolus and S. sihama, Occurring in a surf Zone in the

Philippines. Ichthyol. Res.; 43: 431-439.

Khan, M. S.; Ambak, M. A. and Mohsin, A. K. M. 1988. Food and
Feeding Biology of a Tropical Cat Fish, Mystus nemurus with

Reference to its Functional Morphology; Indian J. Fish.; 35: 78-84.

Khan, R. A. 1972. Studies on the Biology of Some Important Major

Carps; A Ph. D. Thesis Submitted to Aligarh Muslim University; 188 pp.

Kinsella, J. E. 1991. The Potential Role of Fish and Seafood in
Attaining Nutrient Balance and Improving Health; Mar. Tech. Soc. J.;

25: 4-15.

Kohno, H.; Mitsuhiro, K. and Yasulhiko, T." 1999. Occurrence and
Abundance of Larval and Juvenile Fishes in a Philippine Surf Zone;

Umi. Mer.; 36(3): 101- 109.

Koike, A. and Inada, H. 1995. Local Geographic Distribution on Catch
of Masu - Ami set - Net in the Buzen Fishing Ground; J. Tokyo Univ.

' Fish.; 82(2): 173-190.

250



. Kosygin, L.; Lilabati H. and Vishwanath, W. 2001. Proximate
Composition of Commercially Important Hill Stream Fishes of Manipur;

Indian J. Fish.; 48(1): 111-114.

Krishna Kumari, L. & John, J. 2003. Biomass and Quantitative Indices
of Phytoplankton in Mandovi-Zuari Estuary; Indian J. Fish.; 56(3):
401-404.

Krishnamurthy, K. N. 1969. Observations on the Food of the

Sandwhiting Sillago sihama (Forsskal) from Pulicat Lake; J. Mar. Biol.

Assoc. India; 11: 295-303.

Krishnamurthy, K. N. and Kaliyamurthy, M. 1978. Studies on the Age
and Growth of Indian Sandwhiting Sillago sihama (Forskal) from
Pulicat Lake with Observations on its Biology and Fishery; /ndian J.

Fish.; 25(182): 84-97.

Krishnayya, C. G. 1963. On the Use of Otoliths in the Determination of
Age and Growth of the Gangetic Whiting, Sillago panijus (Ham. Buch;),

with Notes on Its Fishery in Hooghly Estuary; Indian J. Fish.; 10:

391-412.

*Krumholz, L. A. and Cavanah, S. H. 1968. Comparative Morphometry

of Freshwater Drum from Two Mid Western Localities; Trans.

AMerican Fish. Soc; 97: 429-441.

251



Kumai, H. and Nakamura, M. 1978. Spawning of the Silver Whiting -
Sillago sihama (Forsskal) Cultivated in the Laboratory; Bull. Jap. Soc.
Scient. Fish.; 44(9): 10-55.

Lazarus, S. 1990. Studies on the Spawning Biology of the Trenched
Sardine, Sardinella sirm (Walbaum), from Vizhinjam, South-West

Coast of India; Inland J. Fish.; 37(4): 335-346.

Lazarus, S. and Nadakumaran, K. 1988. .Plotential Resources of

Cultivable Fish Seed around Calicut Area; Aquat.' Biol.; 7: 167-174.

Le Cren, E. D,, 1951. Length - Weight Relationship and Seasonal
Cycle in Gonad Weight and Condition in the Perch Perca Fluviatilis; J.

Anim. Ecol.; 20: 201-239.

Lee, C. S. 1981. Factors Affecting Eggs Characteristics in the Fish

Sillago sihama; Mar. Ecol. Prog. Ser.; 4(3): 361-363.

Lee, C. S. and Hirano, R. 1985. Effects of Water Temperature and
Photoperiod on the Spawning Cycle of the Sand Borer, Sillago sihama;

Prog. Fish. Cult.; 47(4): 225-230.

Lee, S. C. 1976. Diet of Juveniles Sillago sihama (Forskal) from
Inshore Water near HSinchu, Taiwan; Bull. Inst. Zool. Acad. Sinica;

15(20): 31-37.

252



Letourneur, Y.; Kulbicki, M. and Labrosse, P. 1998. Length Weight
Relationship of Fishes from Coral Reefs of New Caledonia; Naga

ICLARM, 21: 39-46.

Lin, X.; Lin, ‘G.; Lin, J. and Yang, F. 2000. Studies on the Seasonal -
Changes of Species Components of Fishes Caught by Bottom Traw! in
Coastal Waters of Nanpeng lIslands; J. Oceanogr. Taiwan Strait;

Taiwan-Haixia.; 19(4): 511-522.

Longhurst, A. R. and Pauly, D. 1987. Ecology of Tropical Oceans;

Academic press, San Diego; 407 pp.

Love, R.M. 1980. The Chemical Biology of Fishes, Vol. Il; Academic

press, London; 547 pp.

*Lovern, J. A. and Wood, T. H. 1937. Variation in the Chemical

Compositi&)n of Herring; J. Mar. Biol. Assoc. U.K.; 22: 281-293.

Lowry, O. H.', Roserrough, N. J.; Farr, A. L. and Randall, R. J.1951.
Protein Measurement with the Folin Phenol Reagent; J. Biol. Chem.,

193: 265-275.

Maclean, J. L. 1971. The Food and Feeding of the Winter Whiting

Sillago maculate (Quoy & Gaimard) in Moreton Bay; Proc.”Linn. Soc.

NSW; 98: 87-92.

253



Manojkumar, P. P. 2005. Maturation and Spawning of Decaterus

russelli (Ruppell) along the Malabar Coast; Indian J. Fish.; 52(2):
171-178.

Marr, J. C. 1955. The Use of Morphometric Data in Systematic and

Relative Growth Studies in Fishes; Copeia; 1: 23-31.

Masurkar, V. B. and Pai, S. R. 1979. Observation on the Fluctuations
in Protein, Fat and Water Content in Cyprinus carpio (Linn.) in Relation

to the Stages of Maturity; Indian J. Fish.; 26: 217-224. |

McKay, R. J. 1976. The Fishes of the Family Sillaginidae from India
with a Description of a New Species; J. Mar. Biol. Ass. India; 18:

375-385.

McKay, R. J. 1992. Sillaginidae Fishes of the World, FAO Species

Catalogue, Vol. 14; FAO; 81 pp.

Medford, B. A. and Mackay, W. C.1978. Protein and Lipid Content of
Gonads, Liver and Muscle of Northern Pike Esox lucius in Relation to

Gonad Growth; J. Fish. Res. Bd. Canada; 35: 213-219.

Mio, S. 1965. The Determination of the Age and Growth of Sillago

sihama (Forskal); Bull. Jap. Sea Regression. Fish Lab.; 14: 1-18.

254



Misra, K. N. and Choudhary, P. S. 1982. Morphometric Studies and
Relative Growth of Various Body Parts in Céranx Kalla (Cuv.; Val.);

Mahasagar, Bull. Natl. Inst. Oceano.; 15(3): 189-192.

Misra,--R. K. and Carscadden, J. E. 1987. Multivariate Analysis of
Morphometric to Detect Difference in Populations of Capelin Mallotus

villosus; J. Consinst. Explor. Mer., 43. 99-106.

Mohammed, A. R. M. Mutlak, F. M. and Saleh,J. H. 2003. Food Habits
of Sillago sihama (Forskal) in the lragi Marine Waters, Northwest

Arabian Gulf, Iraq; Marina Mesopotamica; 18(1): 35-42.

Mohan, R. S. L. 1980. Seasonal Fluctuation of Prawn and Fish Seed
and Zooplankton in the Surf Region of the Sea at West Hill, Calicut;

Proc. Symp. Coast. Aqua.; 1: 414-415.

Morato, T Afonso, P ; Lourinhb, P.; Barreios, J. P.; Santos, R. S. and
Nash, R. D. M. 2001. Length-Weight Relationships for 21 Coastal Fish
Species of the Azores, North-Eastern Atlantic; Fish. Res.; 50:297-302.

*Morrow, J. E. Jr. 1951. Studies on the Marine Resources of Southern
New England, VIII. The Biology of the Longhorn Sculpin,
Myoxocephalus octodecimspinocus; Mitchell 1. With a Discussion of

the Southern New England “Trash” Fishery; Bull. Bingh. Ocean.; 13(2):

1-89.

255



Motta, P. J. 1988. Functional Morphology of the Feeding Apparatusof
Ten Species of Pacific Butterfly-Fishes (Perciformes, Chaetodontidae): -

An Ecomorphological Approach; Envir. Biol. Fish.; 22: 39-67.

Motta, P. J.; Clifton, K. B.; Hernandez, P. and Eggold, B. T. 1995.
Ecomorphological Correlates in Ten Species of Subtropical Seagrass

Fishes: Diet and Microhabitat Utilization; Envir. Biol. Fish.; 44: 37-60.

Mouneimne, N. 1977. Liste des poisons de la cote du Liban

(Mediterranee orientals). Cybium, 3e ser.; 1: 37-66.

Moyle, P. M.; Cech, J. J. Jr. 2000. Fishes: An Introduction to

Ichthyology; Prentice - Hall, Inc.; 611 pp.

Murta, A. G. 2000. Morphological Variation of Horse Mackerel
(Trachurus trachurus) in the lberian and North Affica Atlantic:

Implications for Stock ldentification; ICES J. Mar. Sci.; 57: 1240-1 248.

Nagarajaiah, C. S. and Gupta, T. R. C. 1983. Physico — chemical
Characteristics of Brackishwater Pond along Nethravati Estuary,

Mangalore; Indian J. Mar. Sci.; 12: 81-84.

Nair, M. R. 1965. A Preliminary Study of the Changes Associated with
Lipid Breakdown in Qil Sardine, S. longiceps Stored at Refrigerated

Temperature; Indian J. Fish.; 9: 126-132.

256



Nammalwar, P. 1997. Sustainable Maricuiture for Development —
Management Issues and Environment Interaction in India; Bioethics in
India; Porc. Intl. Bioethics Workshop in Madras: Biomanagement of

Biogeoresources, 16-19 Jan. 1997, University of Madras.

Narejo, N. T.; Rahamatullah, S. M. and Mamnur, M. 2002. Length-
Weight Relationship and Relative Condition Factor (Kn) of Monopterus

cuchia (Hamilton); Indian J. Fish.; 49: 329-333.

Norman, Y. S. W. and Cheung, S. I. 1980. Metabolic Effects of
Starvation in the Snakehead, Ophiocephalus maculates, Comparative

Biochemistry and Physiology - Part A; Physiology; 97(4): 623-627.

Ntiba, M. J. 1993. The Ecological Role of Mangrove Ecosystems in the
Capture Fisheries of Kenya; National,' Workshop for Improved
Management and Conservation of the Kenyan Mangroves, Mombasa

(Kenya), 18-23 July 1993; 174-204.

Odum, E. P. 1996. Fundamentals of Ecology; Indian Edition; Natréj

Publishers, Dehradun; 574 pp.

Padmavati, G. and Goswami, S. C. 1996. Zooplankton Ecology in
Mandovi-Zuari Estuarine Systems of Goa, West Coast of India; /ndian

J. Mar. Sci.; 25(3): 268-273.

*Palekar, V. C. and Bal, D. V. 1955. Occurrence of Sillago chondropus,

BIkr., in the Seas of India; Curr. Sci.; 24: 128.

257



Palekar, V. C. and Bal, D. V. 1961.' Studies on the Maturation and
Spawning of the Indian Whiting Sillago sihama (Forskal) from Karwar

Waters; Pro. Indian Acad. Sci.; 54(2): 76-93.

Palekar, V. C. and Bal, D. V.1959. Studies on the Fooa and Feeding
Habits of the Indian Whiting Sillago sihama (Forsskal) from Karwar

‘Waters; J. Univ. Bombay, 27(5): 1-18.

Pandey, K. and Shukla, J. P. 2005. Fish and Fisheries; Rastogi

Publications, Meerut; 504 pp.

Parker, R. 2002. Aquaculture Science; 2" Edition; Delmer, Thomson

Learning, Inc.; 621 pp.

*Parulekar, A. H. 1964. A Study on Bregmaceros mc clellandi

(Thompson); A Ph.D. Thesis Submitted to the University of Bombay.

Parulekar, A. H and Bal, D. V. 1969. Observations on the Seasonal
Changes in Chemical Composition of Bregmaceros mc clellandi; J.

Univ. Bom.; 38(65): 88-92.

Parulekar, A. H. and Dwivedi, S. N. 1974. Benthic Studies in Goa
Estuaries, Part |. Standing Crop of Faunal Composition in Relation to
Bottom Salinity Distribution and Substratum Characteristics in the

Estuary of Mandovi; Indian J. Mar. Sci.; 3. 41-45.

258



Parulekar, A. H.; Dhargalkar, V. K. and Singbal, S. Y. S. 1980. Benthic
Studies in Goa Estuaries: Part Il — Annual Cycle of Macrofaunal
Distributioh. Production and Trophic Relations; Indian J. Mar. Sci.; 9:

189-200.

Parulekar, A. H.; Dwivedi, S. N. and Dhargalkar, V. K. 1973. Ecology of
Clam Beds in Mandovi, Cumbarjua Canal and Zuari Estuarine System

of Goa; Indian J. Mar. Sci.; 2: 122-126.

Pathiratne, A. and Costa, H. H. 1984. Morphological and-Histological
Changes in the Gonads of the Estuoric Cichlid Fish Etroplis suratensis
(Block) during Gonadal Development;' Mahasagar, Bull. .Natl. Int.
Oceano.; 17: 211-220.

Petrakis, G. and Stergiou, K. I. 1995. Weight-Length Relationships for

33 Species in Greek Waters; Fish. Res.; 21: 465-469.

Phillips, A. M. 1969. Nutrition, Digestion and Energy Utifization; [In:
Fish Physiology; (Eds.): Hora, W. S. and Randall, R. J.}; Academic

press, London; pp 391-432.

Phillips, A. M.; Livingstone, D. L. and Poston, H. A. 1966. The Effect of
Changes Protein Quality, Caloric Sources, Caloric Level up on the
Growth and Chemical Composition of Brook Trout; Fish. Res. Bull.

N.Y.; 29: 6-14.

259



*Pillay, . T. V.. R. 1952. A preliminary biometric study of certain
populations of Hilsa, Hilsa hilsa (Ham.); Pro. Indo.pac. Fish. Coun.;

19582, Section |i, S 2/8.

Pillay, T. V. R. 1957. A Morphometric Study of the Population of Hilsa,
Hilsa ilisha (Ham.) of the River Hooghly and of the Chilka Lake; Indian
J. Fish.; 4: 344-386.

Piska, R. S.; Ramaswamy, B. and Devi, |. P. 1 991, Food and Feeding
Habits of Freshwater Cyprinid Amblypharyngodon mola (Ham.); Indian
J. Fish.; 38: 126-128.

Qasim, S. Z. 1957a. The Biology of Blennius pholis L. (Teleostei);

Proc. Zool. Soc. Lond.; 128(2): 161-208.

Qasim, S. Z. 1957b. The Biology of Centronotus Gunnellus (L.)

(Teleostei); J. Anim. Ecol.; 26: 389-401.

~Qasim, S. Z. 1972. The Dynamics of Food and Feeding Habits of

Some Marine Fishes: Indian J. Fish.; 19: 11-28.

Qasim, S. Z. 1973. Some Implications of the Problem of Age and
Growth. in Marine Fishes from the Indian Waters; Indian J. Fish., 20:

351-370.

Qasim, S. Z. 2004. Handbook of Tropical Estuarine Biology; Narendra

publishing house, Delhi; 131 pp.

260



Qasim, S. Z. and Qayyum, A. 1963. Fecundity of Some Freshwater
Fishes; Proc. Nat. Inst. Sci., India; 29: 273-382.

Qasim, S. Z. and Sen Gupta, R. 1981. Environmental Characteristics
of the Mandovi — Zuari Estuarine System in Goa; Est Coast. Shelf

Sci.; 13: 557-578.

Rédhakrishnan, N. 1954. Occurrence of Growth Rings on the Otoliths

of Indian Whiting, Sillago sihama (Forsskal); Curr. Sci.; 23: 196-197.

Radhakrishnan, N. 1957. Contribution to the Biology of Indian

Sandwhitihg Sillago sihama (Forskal); Indian J. Fish.; 4(2): 254-283.

Rahman, M. H. and Tachihara, K. 2005. Age and Growth of Sillago

aeolus in Okinawa Island, Japan; J. Ocean.; 61: 569-573.

Raja, B. T. A. 1967. Spawning Biology of Qil Sardine; Indian J. Fish.

A.; 11(1): 45-120.

Raja, B. T. A. 1969. The Indian Oil Sardine; Bull. Cent. Mar. Fish. Reé.

Inst.: 16: 1-128.

Raja, B. T. A. 1970. On the Maturity Stages of Indian QOil Sardine,
Sardinella longiceps Val., with Notes on Incidence of Atretic Follicles in

Advaced Ovarise; /bid; 13(1): 27-47.

vRajan, S. 1968. Environmental Studies of the Chilka Lake, 1. Feeding

Spectrum of Fishes; indian J. Fish.; 11: 521-532.

261



Ramaiyan, V.; Paul, A. L. and Pandian, T. J. 1976. Biochemical
Studies on thel Fishes of the Order clupeiformes; J. Mar. Biol. Assoc.

India; 18(3): 516-524.

Ramamohana Rao, G.; Raman, K.; Ramakrishna, K. V. and
Kaliyamurthy, M. 1984. Observations on the Seasonal Abundance of

Larvae and Juveniles of some Percoid Fishes Entering into Lake

Pulicat; Proc. Symp. Coas. Aquacult.; 3: 750-757.

‘Ramamurthy, S. and Dhulkhed, M. 1975. Availability of Seeds of
Sillago sihama (Forskal) for Farming along South Kanara Coast; Indian

J. Fish.; 22(2); 283-284.

Ramamurthy, S.; Dhulkhed, M. H.; Radhakrishnan, N. S. and
Sukumaran, K. K. 1978. Experment on Polycuiture in a Brackish Wate_r
Fish Farm in Dakshina Kanada (Karnataka); Mar. Fish. Inf. Serv. Tech.

Ext. Ser.; 4; 9-10.

Ramanthan, N. P.; Vuayaa, V.; Ramaiyan and Natarajan, 1977. On the
Biology of the Large Called Tongue Sole Cynogloosus macrolepidolus

(Bleeker); Indian J. Fish.; 24(182): 83-89.

Rao, D. M. and Rao, K. S. 1991. Food and' Feeding Behaviour of
Nemiepterus japonica (Bloch) Population of Vishakapattanam, South

" India; J. Mar. Biol. Assoc. India; 33: 335-345.

262



Rao, L. M. and Rao, P. S. 2002. Food and Feeding Habits of

Glossogobius giuris from Gosthani Estuary; Indian J. Fish.; 49: 35-40.

Rao, M. B. 1965. Biometric Studies on Anchoviella commersonii

(Lacepede) (Engraulidae: Pisces) from Andhra Coast; J. Mar. Biol.

Ass. India; 7: 369-376.

Rao',_ M. B. 1966. Biometric Studies on Stolephorous Insularis
Hardenberg-2. Comparision of S. Insulans Hardenberg from Waltair,
Godavari Estuary and Pamban on the East Coast of India.

~ Ichthyologica; 5(182): 29-44.

Rao, T. S. S. 1977. Salinity and Distribution of Brackish Warm Water
Zooplankton in Indian Estuaries; Proc. Symp. Warm Water Zoopl.,

NIO, Goa (India), 1977; pp 196-204.

Rattan, P. 1994. Ecobiology of Pearl Spot, Etroplus suratensis (Bloch)

in Goa Waters. A Ph.D. Thesis Submitted to Goa University.

Reddy, C. R. 1991. Some Biological Aspect of Sillago sihama from

Karwar Waters; A Ph. D. Thesis Submitted to the Karnatak University.

Reddy, C. R. and Neelakantaan, B.1991. Relative Condition Factor
and Gonado Somatic Index in Sillago sihama (Forskal); Indian J. Fish.;

40(3): 171-174.

263



Reddy, C. R. and Neelakantan, B. 1992. Age and Growth of Indian
Sandwhiting Sillago sihama (Forsskal) from Karwar Waters;

Mahasagar, Bull. Natl. Inst. Oceano.; 25(1): 61-64.

'Beddy, C. R, and Neelakantan, B. 1993. Fecundity Studies on
Sandwhiting, Sillago sihama (Forsskal) from Karwar waters. Fish.

Tech.; 30(1): 159-160.

Reddy, H. R. V. and Shanbhogue, 'S. L. 1990. Estuarine Fishery
Resource of Uttara Kanada District, Karnataka; Environ. Ecol.; 8(3):

883-888. .

Richard, E. C. 1997. Effect of Starvation and Experimental Feeding on
the Proximate Composition and Caloric Content of Antaractic Teleost,
Notothenia coriiceps. Comparative Biochemistry and Physiology Part

A; Physiology; 62(2): 321-326.

Ricker, W. E. 1975. Computation for Biological Statistics of Fish

Populations; Bull. Fish. Res. Bod. Canada; 119: 382 pp.

Rivonkar, C. U. 1991. Ecology of Raft Grown Green Mussels Perna

viridis L.; A Ph.D. Thesis submitted to Goa University.

Robinson,- B. W. and Wilson, D. S. 1996. Genetic Variation and
Phenotypic Plasticity in a Tropically Polymorphic Population of
Pumpkinseed Sunfish (Lepomis gibbosus); Evolutionary Ecology, 10:

631-652.

264



Royce, W. F. 1972. Iptroduction to Fishery Science; Academic Press
Inc., New York; 381 pp.

Sarma, V. V. 8. S;; Kumar, M. D. and Manerikar, M. 2001 Em\smon of
Carbon Dlox1qe from a Tropical Estuaring Syatam, Goa Iqqla,
q§ophys:cal Rggearch Letters; 28(7): 1239-1 34,,2.

*Sekharan, K. V.. 1950. Fat Content of th@ Muscles of the lndlan

Herrlng Pellona I}pevenu (Blks.); J. Madras Lmlv 20(3) 49-65.

Sgrajuddin, M. gmd Ali, R. 2005. Food and Feeding Habits of Syriped
Spiny Eel, Macrognathus pancalus (Hamiltcﬁﬁ); Indian J. Fish.; 52(1):
81-86.

Serajuddin, M. and Mustafa, S. 1994. Feeding Specialization in Adult

Spiny Eel, Mastacembelus armatus; Asian Fish. Sgi.; 7: 63-65.

[
o

Serajuddin, M.; Khan, A A. and Mustafa, S. 1998. Food and Feeding
Habits of the Spiny Egl, Mastacembelus armatus; Asian Fish. Sci.; 11:

271-278.

Seshappa, G. 1970. Some Morphometric Studies on Five Species of
Cynoglossus (Family Cynoglossidae, Order Heterosomata) from the

West Coast; Indian J. Fish.; 17(1&2); 149-158.

265



Seshappa, G. 1999. Recent Studies on Age Determination of Indian
Fishes Using Scale, Otolith and Other Hard Parts; Indian J. Fish.;
46(1): 1-11. . -

Shaheen, P. A; Stehlik, L. L.; Meise C. J.; Stoner, A. W.; Manderson,

J. P. and Adams, D. L. 2001. Feeding Behaviour of Newly Settled
Winter Flounder (Pseudopleuronectus americanus) on Calanoid

Copepods; J. Exp. Mar. Biol. Ecol.; 257: 37-51.

Sharp, J. C.; Able, K. W,; Leggett, W. C. and Carscadden, J. E. 1978.
Utility of Meristic and Morphometric Characters in Identificationof

Capein Mollotus villosus Stocks in Canadian Atlantic Waters; Can. J.

Fish. Aquat. Sci.; 35: 124-130.

Shekar, C; Rao, A. P. and Abidi, A. B. 2004. Changes in Muscle
Biochemical Composition of Labeo rehita (Ham.) in Relation to

Season; Indian. J. Fish.; 1(3): 319-323.

Silva, A. 2003. Morphometric Variation Among Sardine (Sardina
pilchardus) Populations from the Northeastern Atlantic and the

Western Mediterranean; ICES J. Mar. Sci.; 60: 1167-1168.

-Singbal, S. Y. S. 1973. Diurnal Variation of Some Physic-Chemical

Factors in the Zuari Estuary, Goa; Indian J. Mar. Sci.; 2: 90-93.

Singbal, S. Y. S. 1976. Diurnal Variation of Some Physic-Chemical

Factors in Mandovi Estuary; Indian J. Mar. Sci.; 9: 27-34.

266



Singbal; S. Y. S. 1985. Environmental Study of the Waters of Mandovi
— Zuari Estuarine Complex, Goa: [In: Geological Survey of Indié, Earth
Resources for Goa's Development]; A Collection of the Seminar

Papers; pp 548-550.

Sinha, G. M. and Pal, P. C. 1990. Seasonal Variation in Protein, Lipid
and Carbohydrate Contents of Ovary, Liver and Body Muscle in
Relation to Gonado Somaﬁc index and Oogenesis of Clarias batrachus
(Linn.); [In: Impacts of Environment on Ahimals and Aquaculture_
(Eds.): Manna, G. K. and Jana, B. B.}; University Of Kalyahi; PP

107-112.

Sivakami, S.; Ayyappan, S.; Rahman, M. F. and Govind, B; V. 1986.
Biochemical . Composition of Cyprinus carpio (Linnaeus) Cultured in

Cage in Relation to Maturity; Indian J. Fish.; 33(1): 180-187.

Sivasubramanian, K. 1999. Development and Management of
Fisheries in Developing Countries; Productivity and Qdality Publishing

Private Limited, Madras; 222 pp.

Snedecor, G. W. and Cochran, W. G. 1967. Statistical Methods;

Oxford and IBH publ. Co., Calcutta; 593 pp.

Sreenivasan, P. V. 1979. Feeding Biology of the Scad Decpterus dayi

Wakiya; J. Mar. Biol. Ass. India; 21(1&2). 97-102.

267




srinivasan, J. D. H. and Pillai, K. V. N. 1973. Hydrology of Pulicat Lake;

Sem. Maricult. Mech. Fishing Proc., Madras; pp 60-65. .

Srivastava, C. B. L. 1999. A Text Book of Fishery Science and Indian

Fisheries; Keitab Mahal, Allahabad; 527 pp.

Srivastava, D. K. and Seth, R. N. 1981. Allometric Studies in

Ostiobrama cortio (Ham)._ (Pisces cyprindae); J. Zool. Soc. India;

33(182): 45-52.

Stansby, M. 1985. Fish or Fish Oil in the Diet and Heart Attack; Mar.

Fish. Review, 46(2): 60-63.

Stansby, M. E. 1962. Proximate Composition of Fish; [In: Fish in
nutrition (Eds.): Heen, E. and Kreuzer, R.]; News (Books) Ltd., London;

pp 55-60.

Sudarshan, R. and Neelakantan, B. 1980. Kali Estuary Exploitable
Nursery Site in Uttara Kannada, Karnataka; Sea food Export. J.; 12(3):

13-16.

Sujatha, K. 1987. Special Distribution of the Fishes of the Family
Sillaginidae in Estuarine Waters; J. Mar. Biol. Ass. India; 29(18&2):

367-368.

268



Sulistiono, M. Y.; Kitada, S. and Watanabe, S. 1999. Age and Growth
of Japane§e Whiting Sillago jéponica in'Tateyama Bay; Fish. Sci.; 65:
117-122.

Swain, D. P. and Foote, C. J.-1999. Stocks and Chameleons: The Use

of Phenotypic Variation in Stock Identification; Fish. Res.; 43:
- 1123~1128.

Swynnerton, G. H. and Worthington, E. B. 1940. Notes on the Food of

Fish in Hawes Water (Westmoriand); J. Anim. Ecol.; 9: 183-187.

Tampi, P. R. S. 1968. Culturable Marine Fry Resources from Brackish
Water Environments; Central Marine Fisheries Research Institute

(CMFRI), proc. symp. Living resource Seas around India; pp 390-397.

Taskavak, E. and Bilecenoglu, M. 2001. Length-Weight Relationships
for 18 Lessepsian (Red Sea) Immigrant Fish Species from the Eastern

Mediterranean Coast of Turky; J. Mar. Biol. Ass. U.K.; 81: 895-896.

Tesch, F. W. 1968. Age and Growth; [In: Methods for assessment of
fish production in freshwater; (Eds.): Recker, W. E.J; Blackwell

Scientific Publications, Oxford and Edinburgh.pp 93-123.

Untawale, A. G.; Wafar, S. and Jagtap, T. G. 1982. Application of
Remote Sensing Techniques to Study the Distribution of Mangroves
along the Estuaries of Goa; [In: Wetlands: Ecology and Management

(Proceedings of the First International Wetlands Conference), New

269



Delhi, India, 10-17 Sep 1980, (Eds.): Gopal, B.; Turner, R. E.; Wetzel,
R. G. and Whighman, D. F.]; National Institute of Ecology and

International Scientific Publications, Jaipur; pp 51-67.

*Van Bohemen, C. G. and Lambert, J. G. D. 1980. Introduction and
Annual Levels of Yolk Protein in Salmo gairdneri, Gen. Comp.

Endocr.; 40 : 319.

Vijaya Gupta, M. 1970. Racial Analysis of Polynemus paradiseus

Linnaeus; J. Inland Fish. Soc. India; 2: 55-60.

Vijayakuméran, M. 1979. Chemical Composition and Caloric Content
of Ambassis gymnocephalus; J. Mar. Biol. Assoc. India, 21(1&2); 182-

184.

Walford, L. A., 1946. New Graphic Method of Describing the Growth of

the Animal; Biol. Bull.; 90: 141-147.

Weber, M. and Beaufort, L. F. 1931. The Fishes of the Indo-Australian

Archipelago, Vol. 6, Brill, Leiden; 448 pp.

Weerts, S. P.; Cyrus, D. P. and Forbes, A. T. 1997. The Diet of
Juvenile Sillago sihama (Forskal) from 3 Estuaries Systems in Lwazula

— Natal; Water S. A., 23(1); 95-100.

Weihaupt, J. G. 1979. Exploration of the Ocean: An Introduction to

Oceanography; Macmilian Publishing Co. Inc., New York; 589 pp.

270



e Winans; G. A. 1984. Multivariate Morphometric Variability in Pacific
Salmon, Technical Demonstration; Can. J. Fish. Aquat. Sci.; 41: 1150-

1150.

° *Woodlan’d, D. J. and Slack-Smith, R. 1963. Fishes of Heron Island,‘
Capricorn Group, Great Barrier Reef, Pap. Dep. Zool. University

Queensland; 2: 15-70.

e Wootton, R. J. 1998. Ecology of Teleost Fishes; Kluwer. Academic

Publishers, London; 396 pp.

o Zaboukas, N. 2006. Biochemical Composition of the Atlantic Bonito,
Sarda sarda from Aegean Sea (estern Mediterranean Sea) In Different

Stages of sexual maturity; J. Fish. Biol., 69 (2). 347-362.

"o Zacharia, P. U. and Nataraja, G. D. 2003. Fishery and Biology of
Threadfin Bream, Nemipterus mesoprion from Mangalore — Malpe;

Indian J. Fish.; 50(1): 1-10.

e Zar, J. H. 2006. Biostatistical Analysis; Fourth Edition; Pearson

Education, Inc.; 663 pp. /
. /’/ ¢
{

(*) Cross reference not referred in original

271



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240
	Page 241
	Page 242
	Page 243
	Page 244
	Page 245
	Page 246
	Page 247
	Page 248
	Page 249
	Page 250
	Page 251
	Page 252
	Page 253
	Page 254
	Page 255
	Page 256
	Page 257
	Page 258
	Page 259
	Page 260
	Page 261
	Page 262
	Page 263
	Page 264
	Page 265
	Page 266
	Page 267
	Page 268
	Page 269
	Page 270
	Page 271
	Page 272
	Page 273
	Page 274
	Page 275
	Page 276
	Page 277
	Page 278
	Page 279
	Page 280
	Page 281
	Page 282
	Page 283
	Page 284
	Page 285
	Page 286
	Page 287
	Page 288
	Page 289
	Page 290
	Page 291
	Page 292
	Page 293
	Page 294
	Page 295
	Page 296
	Page 297

