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PREFACE

The marine fish production of India was 2.29 million tonnes in 1992.

The oil sardine, Sardinella longiceps alone contributed 104000 tonnes forming

-1.54% of the above total marine fish production. An historic characteristic

of oil sardine fishery of India is significant fluctuation in its abundance through

the past few decades. During 1961-68, its catch composition ranged from

9.71 to 33.8 % of total marine fish landings of India, giving an annual average

of 210376 tonnes whereas it was suddenly dropped to 165586 tonnes during

1969-78 period.

Some of the general factors such as diatom production, fishing of

juveniles, periodical migration, heavy natural mortality and lack of average

rainfall etc. have been suspected as playing a role in the final production

rate of oil sardine fishery in India. On the other hand, the collapse of Pacific

sardine, Sardinops sagax was attributed to the gradual breakdown of gene

tically different populations of the species. Hence it is of great significance

to get an insight into the genetic composition of §.. longiceps of India. The

main objective of the present investigation therefore, was to study the bio

chemical genetic variability within the species and genetic structure of its

regional popula tions from west coast. Realising the recent report of occurrence

of oil sardine fishery in east coast of India, population samples from Mandapam

and Madras were also included in the present investigation. The original

data gathered on the population genetics of the species have helped to inter-

pret and evaluate the results objectively. The important conclusions drawn

from {l detailed discussions on the subject would throw some light on the

probable process of problematic fluctuations in the abundance of oil sardine
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fishery of India. The academic and applied values of present discoveries

need not De emphasised. The data used for the doctoral thesis were generated

during tr,e ICAR Ad-hoc project on the "Population genetic studies on oil

sardine, Sardinella longiceps to identity distinct genetic stocks", carried out

at CMFRI. Cochin during the years, 1988-1991.
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1. INTRODUCTION



Fishes have always been an important source of food for mankind.

Naturally, man is much concerned with not only its exploitation but also

its various research aspects such as taxonomy, biology, fishery, aquaculture

and even genetics. Taxonomically, the unit of fishery resources is the species,

a concept developed during the classical periods of Linnaeus, Lamark and

Darwin. The species concept still remains as the corner stone of scientific

research in various aspects of biology. Nevertheless, according to the Darwin's

theory of origin of species and modern theories of evolution, the species

cannot remain as a constant entity. Each species may undergo further evo

lutionary changes leading to further speciation. The process and order of

such further speciation is primarily by reproductive isolation and transformation

of its populations into different races or SUb-species and later into newspecies

in an unspecified evolutionary time scale.

The mathematical theories of Wagner, Jordan, Densch, lVlayr etc.

tried to explain how natural selection of inherent variations within the species

can lead to differentiation of populations into races or sub-species (Dobzhansky,

1967, 1970; Mangaly, 1974).

The concept of species and SUb-species IS taken seriously by taxo

nomists and biologists throughout the world for practical and' applied purposes.

Since species and sub-species concepts have special implication in exploitation

and conservation of fishery resources, fishery biologists have always been

specially interested in searching and identifying stocks/races/sub-species of

many economically important fish species. Classical racial investigations

on herring, populations was conducted by Heincke as early as 1898.



2

The biological and fishery management principle that necessitates

racial/stock/sub-population differenciation of fishery resources was stated

by Muzinic and Marr (1960) as "The logical and practical reasons for identi

fying population units are that such units may have their own characteristics

of recruitment, growth, natural mortality, migration, behaviour etc. more

or less independent of the characteristics of other population units within

the same species". Naturally, it is essential to define the most practical

unit or stock of fisheries management including its geographical and spawning

ranges (Marr, 1957; Marr and Sprague, 1963). In the earlier stages of modern

fishery management, it was defined as "a relatively homogeneous and self

contained population whose losses by emigrations and succession by emigra

tions if any, are negligible in relation to the rates of growth and mortality

(Anon, 1960).

Realising the relative imperfect nature of the above traditional defini

tion, a more precise definition was introduced by fishery scientists in terms

of Mendelian populations. "It is defined as a reproductive community of

sexual and cross fertilized individuals among whom, matings regularly occur

and who, consequently have a common genepool" (Dobzhansky, 1967). The

fundamental differences between these two definitions are related to differ

ences in the methods and quality of data collected for analysis and inter

pretation. In the former, the relative homogeneity is measured by the

phenotype data which are the ultimate products influenced by a number

of fluctuating non-biological parameters ever present in the environment

where the fish undergoes its life history. In the case of second definition,
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only genotype data not directly influenced by environmental parameters are

considered (Mollcr, 1971; Jamieson, 1974). According to the second definition

the homogeneity arises when populations show similar gene frequencies or

a common genepool whereas heterogeneity will be implied when significant

differences between populat ions occur at gene frequency or genepool level.

Depending on the degree of such genetic differences populations may be

identified as races, sub-species or new species. This stock concept from

the point of view of fish population genetics was highlighted by Altukhov

(1981).

The present most popular method adopted for identification of genetic

stocks of commercially important fishery resources is gel-electrophoretic

techniques developed by Smithies (1955) for detection of human serum protein

genotypes and enzyme genotype detection method developed by Hunter and

Markert (1957). These biochemical genetic techniques are widely applied

in obtaining required basic genotype data in the form of protein/enzyme

phenotypes and their variations. Many international maritime states have

been applying these biochemical genetic techniques for differenciation and

identification of natural unit stocks, with a view to scientific management

and conservation of their commercially important fish resources. India is

far behind in this specialized field of population genetics that forms a scienti

fic basis of fisheries research and management. However, an awareness

on the unique role of genetics in fisheries research management and conser

vation of fish resources of India was recently felt and highlighted by a few

(Bye and Ponniah, 1983; Jhingran, 1984; Das and Jhingran, 1989).
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The most important candidate of marine fish species of India to be

investigated for identification of biochemical genetic stocks is the Oil Sardine,

Sardinella longiceps. Because, in exploiting this commercially very important

fish resource of India, many enigmatic problems are faced by the biologists

and fishery management people. One of the most important problems facing

the oil sardine fishery of India is the undesirable sudden fluctuations in its

total landings throughout the past few decades (Antony Raja, 1973). It is

exploited from both west and east coast of India, as if, a single stock fishery.

The studies on its different aspects of fishery and biology revealed some

form of population heterogeneity among its morphometric characteristics.

Therefore, Devanesan and Chidambaram (1943), Prabhu and Dhulkhed (1972)

and Antony Raja (1973) suspected the existence of races or sub-populat ions

of oil sardine along the west coast of India. Naturally, these problems in

oil sardine fishery of India may be the consequences of many unknown corre

lated factors, including genetic stock differences of regional populations

supporting the fishery. Naturally, the primary question is: what is the popu

lation genetic composition of oil sardine fishery of India? Is it composed

of genetically homogeneous or heterogeneous populations?

The major objective of the present investigation was to study the

biochemical genetic nature of different populations of ~. Iongiceps along

the selected regions of west and east coast of India. The important and

original findings made on the biochemical genetic characteristics of three

populations from the west coast and two populations from the east coast

of India have been presented in the thesis. A total of 25 enzyme loci belong-
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ing to nine enzyrne systems were examined to study the genetic nature of

individual pcoula tions. The results are presented, described and discussed

enzyme and loci wise to get an insight into population genetic structure

of oil sar-dine ..)ardinella longiceps studied in the present investigation.



2. REVIEW OF LITERATURE
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Accurate identification of species and its subunits or stocks is a pre-

requisite to the modern scientific management of fisheries resources. There

is a large volume of literature published on the concept of STOCK in the

field of fisheries research and management and various methods/techniques

used for its identification.

In the early history of fisheries research, morphologically and meristi-

cally differentiated races were considered as practical units of fisheries

management (Heinke, 1898; Schmidt, 1917). Later, the concept of stock

and its different forms were introduced. The term fish stock has been defined

and used in many contexts by different investigators, ranging from a production

or management unit (Marr, 1957; Larkin, 1972) to that emphasises genetic

discretness (Moller , 1971; Ihssen, 1977). Murray (1961) has explained variety

of usage and different meanings of the word "stock". Ricker (1972) has

explained that fish stocks probably have genetic individuality. The term

sympatric stocks has been used by lhssen ~ a1. (1981a) to denote stocks

that are not isolated by physical barriers. Booke (1981) has also reviewed

the stock concept along with different definitions as applied in fishery science

!I 11

and also has presented a working definition of the stock. His general definition

of stock is "a species-group or population of fish that maintains and sustains

itself over a time in a definable area". In this respect, the most popular

unit stock concept applied in fisheries research and management is based

on the Mendelian populations. It is defined as a "reproductive community

of sexual and cross fertilized individuals among whom matings regularly occur
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and who, consequently, have a common gene pool" (Dobszhansky, 1967;

Altukhov, 1981). Naturally, gene controlled variations of proteins and enzymes

have become the best source of informations on a common gene pool. A

comparison of allelic frequencies in populations thus become the most common

practice for identification of genetically distinct stocks (Allendorf and Phelps,

1981; Altukhov, 1981).

The identification of distinct genetic stocks, if any, is basic to the

conservation and rational exploitation of fisheries resources (Leberg, 1990).

Smith et al. (1990) argues that the biological stock concept developed with

the studies on cod (Gadus morhua), herring (Clupea harengus) and plaice

(Pteuronectes platessa), Critical importance of stock concept to the for-

mulation of any comprehensive long term fisheries management has been

emphasised by many investigators (Utter and Hodgins, 1972; Allendorf and

Utter, 1979; Altukhov, 1981; lhssen ~ al., 1981a; Larkin, 1981; Mac Lean

and Evans, 1981; PhitJipp ~ al., 1981; Allendorf ~ al., 1987; Kapuscinski

and Philipp, 1988; Gulland, 1989; Lavery and Shaklee, 1989; Utter et al.,

1989; Smith, 1990; Waples ~ al., 1990; Utter and Ryman, 1993).

Ihssen et al. (1981a) have reviewed some of the materials and methods--

that have been traditionally used to identify and delineate different stocks.

They have discussed a wide variety of population parameters such as abund-

ance, age composition, recruitment, mark recapture-procedures (tagging) etc.

and various characters ranging from morphometric, meristic and calcareous

to biochemical and cytogenetic characters which have been used to identify
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fish stocks. Traditionally, studies on anatomical characters such as morpho

metries and meristics have been conducted to identify different fish stocks.

But phenotypic variations of these characters have not been directly correlated

to particular differences in the genome and hence their application in stock

identification is complicated (Clayton, 1981). Moreover, the effects of phy

siological and epigenetic constraints on morphology in response to certain

environmental parameters such as temperature and oxygen are poorly under

stood (Bock, 1980; Todd ~ aI., 1981). However, anatomical characters also

. have indicated stock differences which were agreeing to the data from alter

native methods (Sharp et al .. 1978; Casselman ~ aI., 1981; lhssen et al.,

1981a).

Stock identification based on fish chromosome morphology has been

done since 1945 (Bcoke, 1968) as reported by lhssen ~ al. (1981a). Recently

many modern practices have been evolved for isolation and resolution of

fish chrornosornes : which are invariably of small size and great number. This

enabled many researchers to adopt chromosome characters for stock delinea

tion. However, Ihssen ~ al. (1981a) and Bye and Ponniah (1983) have in

dicated about the limitations in accepting intraspecific chromosomal variation

as an indication of stock difference. Moreover, Boothroyd (1959) and Rees

(1967) have reported that most of the intraspecific chromosomal differences

are due to errors in methodologies or techniques rather than true genetic

differences. Above all, live specimens are to be used for the extraction

of chromosomes which may be difficult especially in the case of truly marine

species like S. longiceps.
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Realising the role of environmental parameters on the phenotypic

expression in fishes, modern investigators started applying biochemical genetic

techniques for identification of gene controlled phenotypes such as proteins

and enzymes in different tissues of fishes. Biochemical techniques designed

to compare species on the basis of protein differences dates back to 1904

when Nuttal used immunological methods to compare the serum of humans

with that of other primates. Later on the classical paper electrophoresis

work of Pauling ~ a!. (1949) showed phenotypically different haemoglobins

in human blood. Then the introduction of starch gel electrophoresis by Smithies

(1955) demonstrated human serum protein variations. The innovation of starch

gel zymogram methods by Hunter and Markcr-t (1957) revealed a world of

enzyme polymorphism in organisms ranging from Drosophila to humans. Mean

while, Raymond and Weintraub (1959) introduced polyacrylamide as an effective

electrophoretic medium. Its high resolving power due to adjustable pore

size made it a better gel medium than starch gel. Then, Davis (1964) pro

vided simple polyacrylamide disc gel electrophoretic unit as a popular method

for protein/enzyme separation. Using both starch and polyacrylamide gel

media, researchers in biology widely published the natural phenomenon of

genetic variations in different proteins and enzymes. Shaw (1965) reviewed

electrophoretic variation of enzymes in vertebrates and invertebrates. Harris

(1966) detected polymorphic forms of many enzymes in man. Lewontin and

Hubby (1966) and Hubby and Lewontin (1966) discovered high genetic vari

ability within the species, Drosophila pseudoobscura. Meanwhile, attempts

were made to apply blood groups and serum protein characteristics in fish
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population genetic studies (Sick, 1961; Marr and Sprague, 1963; Cushing,

1964; de Ligny, 1969; Tsuyuki ~ al., 1969). Studies on serological and bio

chemical aspects involving eyelens protein, muscle protein and enzymatic

proteins have been reviewed by de Ligny (1969).

The biochemical and serological methods have been discussed with

special reference to identification of fish stocks during the ICES special

meeting held at Dublin (de Ligny, 1971). It is evident from different reports

that general proteins and some enzymatic proteins were useful for stock

identification programmes. Among general proteins. muscle proteins and

eyelens proteins were widely used for stock identification studies by most

of the investigators (Tsuyuki ~ al., 1965a,b, 1968: Tsuyuki and Roberts,

1966; Eckroat and Wright, 1969; Ut he and Ryder, 1970: Peterson and Shehadeh,

1971; Menezes, 1976a,b; Rao and Dhulkhed, 1976; Jamieson and Turner, 1980;

Smith ~ aI., 1980; Winans, 1980; Andersson ~ al., 1983; Fujio ~ al., 1983;

Basiao and Taniguchi, 1984; Sbordoni et al., 1986; Smith, 1986; Mahobia,

1987; Philip Samuel, 1987; Present, 1987; Feveldon and Haug, 1988; Salini

and Shaklee, 1988; Menezes, 1990; Vijayakumar, 1992).

The electrophoretic techniques and staining procedures for detection

of different enzyme systems published by Shaw and Koehn (1968), Brewer

(1970), Shaw and Prasad (1970) enabled different researchers to discover

and publish large volume of informations on electrophoretic characteristics

of different enzyme systems. Publication of books on electrophoresis with

different methods and techniques to detect atleast 40 enzyme systems (Smith,
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1968, Brewer, 1970), laboratory manual or practical guide specifically designed

to detect electrophoretic variations of these enzymes in prawns (Siciliano

and Shaw, 1976; Redfield and Salini, 1980), fishes and shell fishes (Benson

and Smith, 1989) and method of interpretation of electrophoretic phenotypes

as genetic variants and for purpose of stock identification of fish (Utter

et al., 1987) greatly helped in applying biochemical genetic techniques in

the fisheries research and management. The very basis of identification

of distinct genetic stocks is the expected evolutionary processes occuring

within the species. The degree of evolutionary diversification between identi

fied discrete stocks may also be expressed in terms of genetic identity and

genetic distance measured according to the method of Nei (19~2). Its appli

cation in biochemical genetics of populations was explained using models

(Utter, 1987; Ayala and Kiger, 1980).

The major reason for world wide application of biochemical genetic

techniques involving gel electrophoresis is the implication of genetic stock

concept in fisheries management (Moller, 1968, 1970; de Ligny, 1969, 1972;

Utter ~ al., 1974; Allendorf and Utter, 1979). Since most of the biochemical

processes involve catalytic participation of large number of enzyme systems,

they have been investigated as potential source of genetic variation studies.

Thus major portion of literature available on modern fish stock identification

studies are based on enzyme allelic frequencies. Among different group

of enzyme systems, dehydrogenases are studied in detail for stock identification

programmes, especially in different species of salmon and trout by many

of the investigators (Hodgins ~ al., 1969; Northcote ~ al., 1970; Williscroft
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and Tsuyuki, 1970; Wright and Atherton, 1970; Utter and Hodgins, 1972;

Aspinwall, 1973; Utter ~ al., 1973; Allendorf ~ al., 1976; Bailey ~ aI.,

1976; Busak ~ al., 1980; Grant ~ aI., 1980; Wishard ~ aI., 1980: Dehring

~ al., 1981; Guyomard, 1981; Stoneking ~ aI., 1981; Utter, 1981: Carl

and Healy, 1984; Guyomard ~ al., 1984; Kreig and Guyomard, 1985: :lIilner

~ aI., 1985; Thompson, 1985; Withler, 1985; Koljonen, 1986; Okazaki,

1986; Campton and Utter, 1987; Gharrett et al., 1987; Marnell ~ al.,

1987; Quinn ~ al., 1987; Skaala and Jorstad, 1987; Wehrahn and Powell,

1987; Berg and Gall, 1988; Verspoor, 1988; Utter ~ aI., 1989: Crozier

and Moffett, 1990; Currens ~ al., 1990; Macaranas and Fujio. 1990;

Hershberger, 1992; Utter ~ al., 1992).

Using dehydrogenases, many other fishes have also been thoroughly

investigated for stock identification such as New Zealand snapper (Smith

et al., 1978), walleye pollock (Grant and Utter,1980), Coregonus clupe~formis

(Casselman ~ aI., 1981), jackmackerel (Richardson, 1982a), jackass (Richard

son, 1982b), Atlantic herring (Grant, 1984), damsel fish (Shaklee. 1984),

paci fic herring (Grant and Utter, 1984), Atlantic cod (Mork et al.. 1985).

In addition to dehydrogenase enzymes, esterase enzyme system has

also been investigated in large number of fishes like cat fish (Koehn and

Rasmussen, 1967; Koehn, 1970), Pacific hake (Utter ~ aI., 1970), American

eel (Williams et aI., 1973), European hake (Mangaly, 1974; Mangaly and

Jamieson, 1978), sun fish (Avise and Smith, 1974), Zoarces (Christiansen and

Frydenberg, 1974), Cichlids (Kornfield and Koehn, 1975; Mahobia, 1987),
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Menidia (Johnson, 1975), guppy (Sharni and Beardmore, 1978), New Zealand

snapper (Smith et al., 1978: Smith, 1979), Atlantic mackerel (Smith and

Jamieson, 1980; Smith ~ a1.. 1981a), milk fish (Winans, 1980), walleye pollock

(Grant and Utter, 1980), sprat (Smith and Robertson, 1981; Ryman and Stahl.

1981), New Zealand hoki (Smith ~ al., 1981b), Catostomus (Buth and Crabtree.

1982), paddle fish (Carlson ~ al., 1982), tilapia (Cruz ~ al., 1982; Mc Andrew

and Majumder, 1983; Basiao and Taniguchi, 1984); Australian barramundi

(Shaklee and Salini, 1983; Salini and Shaklee, 1988), Orizias (Sakaizurni

et al., 1983), Salvelinus (Andersson et al., 1983), Atlantic herring (Grant.

198..1), Pacific herring (Grant and Utter 1984), perch (Gyllesten ~ al., 1985).

Northern pike (Seeb et al.. 1987), Pacific cod (Grant ~ al., 1987), shark

(Lavery and Shaklee, 1989), tuna (Richardson and Habib, 1987), grey mullet

(Vijayakumar, 1992) and crustaceans (Johnson et al., 1974; Lester, 1970:

Kannupandi, 1980; Mulley and Latter, 1980; De Matthaeis ~ al., 1983; Philip

Samuel, 1987).

Studies on biochemical genetics of Indian fishes are only a few and

are of preliminary nature. These were mainly attempts to find out inter

species or species specific protein differences. Some of the examples are.

flat fish (Kasinathan et al., 1972), marine fishes (Manohar and Velankar, 1973),

goboids (Natarajan ~ al., 1975), Bombay duck (Kur ian, 1977), oil sardine

(Rao and Dhulkhed, 1976), mackerel (Dhulked and Rao, 1976; Menezes, 1986;

Menezes ~ ai., 1990), M. cephalus (Bhosle, 1977), mullets (Rao, 1981), Channa

stewartii and Danio dangiIa (Bhattacharya and Alfred, 1982), Etroplus suratensis

Liza macrolepis and Mystus gulio (Ka malakara Rao ~ al., 1985), grass carp
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(Padhi and Khuda-bukhsh, 1989), carangids (Menezes, 1990). Similar investi

gations have also been carried out in shrimps and oysters (Sriraman and Reddy,

1977; Kulkarni ~ al., 1980; Thomas, 1981; Puthran Prathibha, 1984; Ponniah,

1988).

However, there are also a few Indian reports on the biochemical

genetics of fishes and shrimps with due importance to stock identification

studies, namely, mullets (Reddy, 1977; Rao, 1981), cichlids (Mahobia, 1987),

penaeid prawns (Philip Samuel, 1987) and Mugil cephalus (Vijayakumar, 1992).

The application of genetics in aquaculture was also emphasised in the

C.M.F.R.1. Special publication (Bye and Ponniah, 1983). An awareness on

the importance of fish genetic resources, its conservation and management

in India has been published by Jhingran (1984), Das and Jhingran (1989) and

Das et al. (1989).

The above review of the literature gives sufficient justification for

the choice of the present thesis problem, its objectives, its methods of investi

gation/interpretation of data and the conclusions drawn from the results

of the investigation.



3. MATERIALS AND METHODS
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3.1 MATERIALS

3.1.1 THE EXPERIMENTAL ANIMAL

The Indian oil sardine, Sardinella longiceps, the experimental animal

in the present study was collected from five different geographical areas,

along the west and east coast. West coast samples were drawn from Cochin,

Calicut and Mangalore whereas east coast samples were collected from

Mandaparn and Madras (FIG.1; PLT.1). The oil sardine samples were collected

either on-board from purse-seiners or from landing centres. Samples from

Cochin were collected mostly from purse-seiners off Cochin. Mandaparn

population samples were collected using a shore seine net. The length and

weight of specimens used for experimental analysis ranged between 15-20

ems and about 25-30 gms respectively. From each specimen, four tissues,

namely heart, liver, muscle and eye lens were taken for studies. Heart

and liver tissues were washed in ice-cold Double Distilled Water (D.D. W.)

and dried with blotting paper in order to render them free from any blood

stains.

3.1.2 SAMPLE TRANSPORTATION

Fish sample (whole specimen) from Cochin and Calicut regions was

transported to the laboratory in iced condition. Samples from Mangalore,

Madras and Mandaparn were brought to the laboratory in the form of tissues

packed in the aluminium foil and kept in plastic vials. These vials were

stored in an ice box containing ice. The ice box as it is, was kept in a

deep freezer available in the nearby area with a layer of water above the



PLATE 1

Sordinello longiceps
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ice until a block of ice was formed within the ice box. The ice DO;; was

immediately transported to Cochin laboratory where the samples were stored

in the deep freezer until used for experimental analysis.

3.2 METHODS

3.2.1 PREPARATION OF TISSUE HOMOGENATE

Once the specimens or tissue samples have been obtained, an enzyme

extract of each tissue was prepared from each specimen. The tissues kept

in deep freezer were allowed to thaw for about 10-15 minutes, weighed and

homogenized with D.D.W. at the rate of 100 mg/l ml for all tissues except

muscle where 80 mg.I ml was used. Homogenization was done in Remi

Mechanical Homogenizer. The homogenized tissues were centrifuged in Sorvall

Refrigerated Super Speed Centrifuge for 20 minutes in 10,000 rpm at 5°C.

The supernatants obtained were used for electrophoretic analysis.

3.2.2 POLYACRYLAMIDE GEL ELECTROPHORESIS

The principle of electrophoresis is that charged ions or group of ions

will migrate towards one of the electrodes when placed in an electric field,

according to their net charge and molecular size. The rate of migration

varies for different ions or groups of ions and this difference is used to

separate the components of a protein mixture. The positively charged Cations

will move to the cathode whereas negatively charged Anions will move to

anode. Since most of the proteins are negatively charged, the protein mixture

is applied at cathode region, which then migrate towards the opposite positively

charged anode region. The method of electrophoresis followed here was

that of Dietz et al. (1972).
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3.2.3 PROCEDURE FOR DISC GEL ELECTROPHORESIS

Reagents

The following reagents were prepared as follows and were stored

in refrigerator at 4°C until used.

Acrylamide Stock Solution (40%):

40 gm of acrylamide was dissolved in D.D.W. and made upto 100

ml and filtered. This filtered solution was stored in an amber coloured bottle.

Bis Acrylamide (2.1%):

1
2.1 gm of N, N - methylene - bisacrylamide was dissolved in D.D.W

and made up to 100 ml and filtered.

Ammonium Persulphate (0.14 %):

140 mg of ammonium persulphate was dissolved in D.D. W. and made

up to 100 ml.

Marker Dye:

100 mg of bromophenol blue was dissolved in 100 ml of D.D. W. and

filtered. Sucrose solution was prepared by dissolving 40 gm. of sucrose in

100 ml of D.D. W. 1 part of filtered bromophenol blue was mixed with 9

parts of sucrose solution. This solution was used as the tracer dye for the

experiment.

3.2.4 BUFFER SYSTEMS

Three different buffer systems were used for the electrophoretic sepa-

ration and resolution of enzymes tested here. The details are given below.
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I. TRlS-ClTRATE (Shaw and Prasad, 1970)

Electrode buffer

Tris

Ci tric acid

=

=

16.35 gm

9.04 gm

Both the components were dissolved in one litre of D.D. Wand the

pH was adjusted to 7.0. Modification of pH was done from Shaw and Pr asad

(197L)(pH = 7.1).

Gel buffer

6.67 ml of electrode buffer was diluted to one litre and the pH was

adjusted to 7.0

Modification of pH was done from Shaw and Prasad (1970) (pH = 7.1).

n. TRlS-VERSENE BORATE (Shaw and Prasad, 1970)

Electrode buffer

Tris

Boric acid

Na 2EDTA.2H 20

=

=

=

60.60 gm

40.00 gm

6.00 gm

The components were dissolved in one litre of D.D. Wand the pH

was adjusted to 8.0.

Gel buffer

Tris

Boric acid

=

=

=

6.06 gm

6.00 gm

0.60 gm

The components were dissolved in one litre of D.D. W. and the pH

was adjusted to 8.0.
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Ill. TRIS-CITRATE/LITHIUIIl HYDROXIDE-BORIC ACID (Ridgway et aI.,

1970)

Electrode buffer

Lithium Hydroxide

Boric acid

=

=

2.5 gm

18.5 gm

The components were dissolved in one litre of D.D.W. and the pH

was adjusted to 8.21.

Modification of pH was done from Ridgway ~ al. (1970) (pH = 8.0).

Gel buffer

Tris

Citric acid

=

=

3.6 gm

1.0 gm

The components were dissolveo in one litre of D.D.W. and the pH

was adjusted to 8.31.

Modification of pH was done from Ridgway ~~. (1970) (pH = 8.0).

To all the gel buffers 0.23 ml of TEMED for every 100 ml of gel

buffer was added for polymerisation before casting the gel.

STAINING BUFFER (Tris-HCI, ;>H=7.1)

60.75 gm of Tris was dissolved in one litre of D.D.W. and the pH

was adjusted to 7.1 using cone. HC!.

3.2.5 GEL CASTING

The stock solutions like acrylamide, bisacrylamide, gel buffers and

ammonium persulphate were brought to room temperature before casting



20

the gel. Throughout the experiment 7.0 % gel concentration was used. To

obtain 7.0 % gel, 3.5 ml of acrylamide solution, 2.0 ml of bis acrylamide

solution, 4.5 ml of D.D. W., 5.0 ml of gel buffer and 5.0 ml of ammonium

persulphate solution were thoroughly mixed. The gel tubes fixed in the gel

tube stand were carefully filled with the above gel mixture with the help

of a glass syringe along the sides of the gel tube to avoid bubble formation.

Two to three drops of D.D.W. was layered over the gel top to avoid miniscus

formation. The gel gets polymerized within 20 to 30 minutes at room tem

perature after which the water layer was decanted.

3.2.6 ELECTROPHORESIS

When the gel is ready, 40 pI of the marker dye was added on the

top of the gel. The clear superua tent portion of the homogenate was then

added and throughly mixed with the marker dye. The sample volume differed

for different enzymes (TBL: 1). The remaining part of the gel tube was

filled with the electrode buffer. The marker dye helps in knowing the com

pletion of the electrophoretic run. Besides, the sucrose solution present

in the dye helps to avoid mixing of the sample solution with the tank buffer.

It also ensures uniform flow of current and faster migration of the sample

into the gel. The gel tubes were then removed and inserted into the rubber

grommets of the upper buffer tank. Both the buffer tanks were filled with

the electrode buffer. The lower buffer tank was attached with anode (fve)

lead of the power pack. Then the upper tank was fixed on to the lower

tank of the apparatus and attached with cathode (-ve) lead of the power

pack.



Table: 1

Final Experimental Details For Screening Test

SI. Gel Sample
No. Enzyme Buffer Concentration Tissues Concentration

(in microlitres)

1. ADH TC 70' LIVER 80"
2. AO TC 7% EYE LENS 100

3. EST RW 790 MUSCLE 80

4. G6PD TVB 7% MUSCLE 80

5. GDH TC 790 HEART 100

6. lDH TC '70/ LIVER 80,il)

7. LDH TC 7% EYE LENS 40

8. MOH TC 7% HEART 80

9. XDH TC 7% HEART 80
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The power pack was switched on for 10 minutes before starting the

electrophoresis. Initially the current was regulated to have an uniform flow

of 12 milliampere (rnA) for the first 10 minutes and then adjusted to 36

mA till the completion of experiment. The apparatus was disconnected

when the dye reaches the mark made on the lower end of the gel tube.

The gels were then removed from the gel tubes by forcing a jet of water

between the gel and the inner wall of the gel tube using a syringe without

damaging the gels.

3.2.7 STAINING PROCEDURE

Since most proteins are colourless, the separated enzyme proteins

were made visible after the incubation of gels in a specific enzyme staining

solution. The staining solutions contained the substrate for the specific

= 30 ml

= 7 mg

= 8.5 mg

= 2 ml

= 1 mg

enzyme, cofactor NAD, electron indicator MTT and electron acceptor PMS

in a staining buffer (0.5 M Tris-HCI, pH = 7.1). The following staining solu

tions were used for detection of specific enzymes.

ALCOHOL DEHYDROGENASE (Guyomard, 1981)

Mcdif'ied

Tris-HCI (0.5 M, pH=7.1)

M T T

N A D

Propan-2- 01

P MS
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ALDEHYDE OXIDASE (Redfield and Salini, 1980)

Tris-HCl (0.5 M, pH=7.1)

MTT

N A D

Benzaldehyde

D.D.W.

P M S

=

=

=

=

=

=

15 ml

3 mg

6 mg

0.30 ml

15 ml

1 mg

ESTERASE (Shaw and Prasad, 1970)

Substrate solution: 1% cC-l3- Naphthyl acetate

cC - Naphthyl acetate

f3 - Naphthyl acetate

Acetone

D.D.W.

=

=

=

=

1 gm

1 gm

50 ml

50 ml

Stain

Tris-HCl (0.5 M, pH=7.1)

Fast Blue RR salt

1%ce-J3- Naphthyl acetate

D.D.W.

= 3 ml

= 30 mg

= 0.90 ml

= 26.1 ml

GLUCOSE-6-PHOSPHATE DEHYDROGENASE (Sicifiano and Shaw, 1976)

Modified

Tris-HCl (0.5 M, pH=7.1) = 30 ml

MTT = 15 mg

N A D P = 21 mg

MgCl2 = 30 mg

Glucose-6-Phosphate = 60 mg
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GLUTAMATE DEHYDROGENASE (Shaw and Prasad, 1970)

Modified

Tris-HCl (0.5 M, pH=7.1) = 30 ml

M TT = 10 mg

N A D = 20 mg

L-Glutamic acid = 1.5 gm

ISOCITRATE DEHYDROGENASE (Benson and Smith, 1989)

Modified

Tris-HCl (0.5 M, pH=7.1) = 30 ml

M TT = 6 mg

N A D P = 10 mg

MnCl = 15 mg
2

DL-lsoci tr ic acid = 30 mg

P M S = mg

LACTATE DEHYDROGENASE (Guyomard, 1981)

Tris-HCl (0.5 M,pH=7.1) = 30 ml

MTT = 2 mg

N A D = 4 mg

Lithium Lactate = 60 mg

P M S = 1 mg

MALATE DEHYDROGENASE (Siciliano and Shaw, 1976)

Modified

Tris-HCl (0.5 M, pH=7.1)

MTT

=

=

30

12

ml

mg



N A D

Na
2C03

Malic acid

P M S

24

=

=

=

=

15

7

15

1

mg

mg

mg

mg

XANTHINE DEHYDROGENASE (Shaw and Prasad, 1970)

Substrate solution : 1 M Hypoxanthine

Stain

Hypoxanthine

1 M KOH

D.D.W.

=

=

=

6.8 gm

10 ml

40 ml

Tris-HCI (0.5 M, pH=7.1)

MTT

N A D

1 M Hypoxanthine

D.D.W.

P M S

=

=

=

=

=

=

6

9

18

1

23

ml

mg

mg

ml

ml

mg

3.2.8 ZYMOGRAM AND PHOTOGRAPHY

The zymogram pattern for the enzymes was prepared by drawing

the band patterns according to their position in the gels. The gels were

kept in clean test tubes and photographed.

3.2.9 STANDARDIZATION OF EXPERIMENTAL CONDITIONS

Three different buffer systems were used to obtain good resolution

and separation of the bands. To find out the best tissue source for each
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enzyme, four different tissues such as heart, liver, muscle and eye lens were

tested and compared. The optimum quantity of the sample to be extracted

(rng/rnl) and the homogenates to be loaded (p]) in a gel were also standardized.

The standardized experimental conditions adopted for the screening tests

for nine different enzyme systems are shown in Table 1.

3.2.10 PROCEDURE FOR ANALYSIS OF DATA

1. Interpretation of zymogram patterns

The zymogram patterns (phenotypes) for a particular enzyme system

at a particular gel area between individuals in a sample were compared by

adopting the following criteria. The phenotypie variants at an assumed locus

were designated as slow moving S band (slow homozygote), fast moving F

band (fast homozygote) and their combination as SF band (heterozygote)

depending on the distance migrated by the particular band in that particular

compared gel area. The band nearer to the origin of the gel which has

moved less distance is considered as S band. The one which has moved

faster than S band was designated as F band. As a standard practise, these

gene controlled protein phenotypes were considered as genotypes produced

by eo-dominant alleles at a particular genetic locus. Depending on the enzyme

structure, the observed heterozygote patterns were again generally scored

as monomeric if two banded, dimeric if three banded and tetrameric if five

banded.

2. Allele frequencies (TBL:2)

The first step taken in analysing the set of electrophoretic data was

to calculate the individual genotypes observed for each locus of a particular



26

enzyme in each population sample. Allele frequencies were determined from

the genotypic frequencies as follows:

Frequency of S allele is the summation of the frequency of SS genotype

and half the frequency of SF genotype. Similarly the frequency of F allele

is the sum of the frequency of FF genotype and half the frequency of SF

genotype.

.Allelic frequency can also be calculated usmg the formula:

Ho x 2 + He

2 N

Where Ho = observed number of a particular homozygote (either SS or FF)

He = observed number of a particular heterozygote (SF)

N = total number of individuals tested

3. Expected genotype frequencies (TBL:3)

The Hardy - Weinberg law provides a base for calculating the expected

genotype proportions in different populations. The following binomial expression

was applied to find out the expected genotypic frequencies.

(a+b)2 = a2 + 2 ab + b2

The significance of deviation between the observed and expected geno-

type frequencies was calculated for determining the chi-square values using

the formula

(Observed - Expected)"

Expected

The degree of freedom for a diallel ic three phenotype system was

calculated using the formula



3 phenotypes

2 Alleles

The degrees of
freedom

1

1

2-1

=

=

=

2

1

1
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4. Heterozygosity (TBL:4)

The average number of heterozygotes present in all the loci of the

population tested is heterozygosity. Initially, heterozygosity was calculated

for each locus of a particular enzyme system in all the populations from

which the average for each enzyme and there by average heterozygosity

for :he species. Both polymorphic and non-polymorphic loci tested were

cons.dered for calculation.

5. Average number of alleles (TBL:8)

The average number of alleles =
per locus

Number of different alleles
Number of loci tested

From this average number of alleles for different loci in each popu-

Iation was calculated. The average for the species was calculated by taking

the average value for all the loci in all the populations tested.

6. Polymorphic loci (TBL:7)

Proportion of polymorphic loci is the fraction of loci that are poly-

morphic of all the loci examined. A locus was considered polymorphic when

the most common allele had a frequency of 0.95 or less. The average of

polymorphic loci for each enzyme in each population followed by the aver-

age for all the enzymes of the different populations, from which the average

for the species was calculated.
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7. Genetic identity (I) and Genetic distance (D) (TBL:l0)

The genetic distance is the measure of accumulated allele differences

per locus which is based on the identity of genes between the populat ions.

Genetic distance is defined as

D = loge I

Where I is the normalized identity of genes between two populations and

was calculated using the following formula

I = «: x. Y. IJ X~< I I I

2

Y.
I

where values of Xi and Yi are the frequencies of specific alleles in the

populations X and Y respectively.

The average I value for all the loci considered was calculated, from

which the average D value for that particular comparison was derived. Then

the average I and D values for all the comparisons made was found. The

average for the species was estimated from all the compared average values

of I and D.



4. RESULTS
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Results of the present investigation are presented in alphabetical order

of nine individual enzymes studied. Each enzyme system is described giving

emphasis to phenotype/genotype nature and its frequencies at each locus

in each population sample. At the end of the Results section, details on

the average polymorphic loci, average alleles per locus, average heterozygosity

and average genetic identity (I) and distance (D) have been presented.

4.1 ENZYME SYSTEMS (ALLELE FREQUENCIES)

4.1.1 ALCOHOL DEHYDROGENASE (ADH)

Figure 2 and Plate 2 show zymogram patterns of alcohol dehydrogenase

(ADH) in Sardinella longiceps tested from Cochin, Calicut, Mangalore. vlandaparn

and Madras. The zymogram showed two different zones of enzyme activity

which were presumed to be under the control of two independent .cci. They

were designated as ADH-l and ..';DH-11 according to their order of .ncreasing

mobility differences. ADH-l locus occured at the top gel position 0-4 mm).

The enzyme expression between 10 mm and 16 mm was considered as ADH

-11 locus. ADH-l locus was monomorphic in Cochin, Mangalore ar.c Madras

populations where only a single invariant slow band (S band) was observed.

But calicut and Mandapam populations showed polymorphism at AD'1-1 locus.

The polymorphism at ADH-I locus produced slow type hOlT.ozygote (S band)

and two banded slow fast type (SF band) heterozygotes. However. fast type

(F band) homozygotes were not observed in these two regions.

The enzyme patterns at ADH-11 locus appeared almost identical to

that of ADH-1. The ADH-11 also showed polymorphism in Caiicut anc Mandapam

populations and monomorphism in Cochin, Mangalore and Vl adras pcoulations-



FIGURE 2 AND PLATE 2

Zymogram patterns of Alcohol Dehydrogenase

in S. longiceps populations from

A Cochin Locus

B Calicut I = 0- -1 mm

C Mandapam II = 10- 16 mm

D Mangalore/ Madras
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In CaIicut and Mandapam populations slow homozygous and slow/fast hetero

zygous phenotypes were observed whereas fast homozygotes were absent.

Both ADH-l and II loci show single band while monomorphic and triple

band while polymorphic. At ADH-l locus the intermediate band was not

so clear in some tubes. However, the intermediary band was very clear

in fourth tube of the photograph (PLT. 2B). Though three bands were present

in heterozygous condition at ADH-ll locus in some specimens from Calicut

and Mandapam, the bands above and below the major band were not sharp

and clear (PLT.2B,C). In Mandapam population the only tube that showed

three banded heterozygote condition was the second tube (PLT.2C). Also

in general the ADH-ll locus bands were not sharp and compact as that of

CaIicut. This may be due to the deformity occured either during casting

or when taking the gel out for staining as regard to Madras population, the

activity of the enzymes at both the loci was less and therefore the bands

were not as thick as that of other regions. However, the zymogram of Madras

population clearly shows the observed band position (FlG.2D).

The allelic frequencies of alcohol dehydrogenase 'first and second loci

are shown in the Table 2. Populations from Cochin, Mangalore and Madras

showed cent percent S allele at both ADH loci. Calicut and Mandapam popu

lations showed both Sand F alleles. However, the predominant allele in

these popula tions was S.

A close comparison of the nature of allelic frequencies at both ADH

loci in populations revealed an interesting phenomenon of stock differences.

For example allelic frequencies of both loci between Cochin/CaIicut, Calicut/
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iVlangalore and iVlandapam/iVladras are significantly different inspite of their

closeness. Cochin/Mandapam differed significantly in their allelic frequencies.

In short, though the allelic frequencies themselves are identical among Cochin,

Mangalore and Madras popula tions and these frequencies are corn parable bet

ween Calicut and Mandaparn, occurence of heterogeneous populations having

different allelic frequencies between similar populations appear to cause

a barrier for mixing or inter breeding of homogeneous populations (TBL.2).

The values of observed and expected genotypic distributions in different

populations at ADH-l and II loci are summarized in the Table 3. The expected

values for ADH-Il locus in Calicut and Mandapam populations are in agree

ment with the Hardy-Weinberg proportions.

4.1.2 ALDEHYDE OXIDASE (AO)

Figure 3, 4 and Plate 3, 4 show zymogram patterns of Aldehyde oxidase

(AO) in oil sardine, Sardinella longiceps sampled from Cochin, Calicut, Manga

lore, Mandapam and Madras. Zymogram pattern shows three different zones

of enzyme activity which are referred to as three loci. They are AO-l,

AO-Il and AO-lIl. First locus at 0-2 mm position showed only one band

in all the populations tested and therefore the locus was considered as non

polymorphic. The second locus AO-Il between 6 mm and 9 mm showed poly

morphism in all the five populations. All the specimens from Calicut and

Mangalore however showed only double banded heterozygotes whereas Cochin,

Mandapam and Madras populations showed homozygote and heterozygote band

patterns. In Cochin population, fast type (F band) homozygotes and slow/fast



FIGURE 3 AND PLATE 3

Zymogram patterns of Aldehyde Oxidase in

S. longiceps populations from

Locus

A Cochin = 0-2 mm

B Calicut 11 = 6-9 mm

C Mangalore III = 12-14 mm
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FIGURE 4 AND PLATE 4

Zyrnogram patterns of Aldehyde Oxidase

in S. longiceps populat ions from

Locus

D Mandapam I = 0-2 mm

E Madras 11 = 6-9 mm

III = 12-14 mm
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type (SF band) heterozygotes were observed. But in Mandaparn population

slow type (8 band) homozygotes and SF heterozygotes were observed and

no fast homozygotes were present. In Madras population all the three pheno

types were observed. In all the populations the intensity of the enzyme

was the same except for Mandapam population where it seemed to be little

less in intensity (PLT. 4D). The bands were little diffused as seen in the

photograph of Mandapam population. Similarly, in the Cochin population,

the bands at AO-II locus were not so thick and broad as that of other popu

lations. particularly the Calicut population. The third locus (AO-lII) shown

between 12 mm and 14 mm was polymorphic only in the Coehin population

with homozygotes (F type) and heterozygotes (SF type).

The allele frequencies calculated for the three loci are tabulated

in the Table 2. Since the AO-I locus was non-polymorphic in all the popu

lations studied, the values are the same. The frequencies of the major allele

F at Il locus varied from 0.275 (Mandaparn) to 0.687 (Cochin), However,

its range was of lesser order between Cochin, Calicut, Mangalore and Madr-as,

it being 0.50 to 0.69 (TBL.2). The Mandaparn population distinguished itself

with the domiant S allele having a frequency of 0.725. The nature of allele

frequencies at AO-lII locus is of special interest. Cochin population alone

showed frequencies for both Sand F alleles where F had a frequency of

0.81. Its frequency in Calicut and Mangalore was 1.00 whereas Mandaparn

and Madras possessed cent percent S allele. Significant differences in fre

quencies of specific allele at AO-I11 locus suggest that Cochin population

is significantly different from Calicut and Mangalore in respect of F allele,
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while it is more significantly different from Mandapam and Madras where

cent percent S allele was present. Again Calicut and Mangalore populations

are very different from Mandapam and Madras populations in having fixed

F allele in the former group and fixed S allele in the latter group.

Values of observed and expected genotype freouencies in the sam pie

populat ions are tabulated in the Table 3. Except for the Mandapam population,

all the other stations showed deviations from Hardy-Weinberg equilibrium

for AO-ll locus due to excess of heterozygotes. In Mandapam population

the expected values for F and S homozygotes are in good agreement. In

CaIicut and Mangalore only heterozygotes were present. Hence, the chi

sqare values are highly significant (TBL.9). The expected values for third

locus of AO (AO-Ill), which was polymorphic only in Cochin showed agreement

with the observed values (TBL.3).

4.1.3 ESTERASE (EST)

The zymogram patterns of esterase enzyme system of Sardinella

longiceps collected from Cochin, Calicut, Mangalore, vlandapam and Madras

are shown in Figures 5,6,7,8,9 and Plates 5,6,7,8,9. Based on intensity of

enzyme activity, the patterns can be differentiated into a zone of darkly

stained thick bands and lightly stained narrow bands with the exception,

where one of the bands was also appeared to be darker as in Cochin popu

lation (PLT.5). A close comparison of the bands at darkly stained zone shows

differences in the staining intensity as well as size of the bands in different

populations, However, based on band combinations at a particular zone,

the patterns can be grouped into four presumed loci. The first two loci



FIGURE 5 AND PLATE 5

Zymogram patterns of Esterase in

S. longiceps populations from

Locus

A, A
1 - Ccchin I : 0-5 mm

11 : 12- 15 mm
III : 21-26 mm
IV : 33-40 mm
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FIG URE 6 AND PLATE 6

Zymogram patterns of Esterase in

s. longiceps popula t ions from

Locus

A, A" AZ - Cal ieut I = 0- 5 mm

11 = 12- 15 mm

III = 21- 26 mm

IV = 33-.0 mm
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FIGURE 7 AND PLATE 7

Zymogram patterns of Este rase

in S. longiceps populations from

Locus

A, A, - Mangalo re I = 0- 5 mm

II = 12- 15 mm

III = 2 1- 26 mm
IV = 33-. 0 mm
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FIGURE 8 AND PLATE 8

Zymogram patterns of Esterase in

s. longiceps populations from

Locus

A Mandapam I = 0- 5 mm

II = 12-15 mm

III = 21-26 mm

I' · = 33-.0 mm
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FIGURE 9 A ND PLATE 9

Zymograrn patterns of Esterase in

S. longiceps popula tio ns from

Locus

A, A
1 - Madras I = 0-5 mm

11 = 12- 15 mm

III = 21-26 mm
IV = 33-40 mm
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consisted of lightly stained narrow bands. Thus the activity of first locus

appeared to be restricted to the top gel area. The lightly stained narrow

bands of second locus occured between the first and third locus. The dark

thick bands of third and fourth loci were found moving closely and much

ahead of the lightly stained first and second loci. A general comparison

of band patterns in each locus in all the populations indicated that the esterase

enzyme system in .§.. longiceps is polymorphic. The variant phenotype patterns

of first locus consisted of single and double banded types at Cochin, Calicut

and Mangatore whereas, Mandapam and Madras populations showed only a

single banded phenotype. The phenotype patterns of second locus in each

popula t ion were single and double banded. Depending on the mobility of

these single and double banded phenotypes, they were designated as slow

moving S, fast moving F and a combination of these two was SF. Similarly,

an overall comparison of band positions at third and fourth loci showed again

their polymorphic nature in the species. The heterozygous phenotype patterns

at third and fourth loci were two banded as in the case of first and second

loci. However, heterozygous types from Cochin appeared to show triple

banded condition (FIG.5). The populations from Mandapam and Madras showed

only single banded similar phenotypes at the third locus. These three pheno

types at III and IV EST loci were again designated as S, F and SF as described

in the case of first and second loci.

The Table 2 gives allele frequencies at all the four loci in different

populations tested. The frequency values of the presumed Sand F alleles

at first locus indicate S as the predominant allele in all the populations.
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However, its value was significantly different in populations from Mandapam

and Madras, it being cent ~percent in these two populations, whereas it ranged

from 0.73 (Calicut) to 0.93 (Mangalore) in other populations. The frequency

values of Sand F alleles at the second locus in almost all the populations

differed in one or other respect. The S allele appeared to be predominant

in all the popula tions except Calicut population where it was F allele. The

frequencies of S and F alleles at third locus in Cochin and Mandapam also

considerably differed from that of Calicut, Mangalore and Madras populations,

The predominant 2lleles were different in these two groups. The allelic

frequencies at third locus were significantly different between Madras and

xlandaparn. On t ne other hand the frequency values of F and S alleles of

Calicut, Mangalore and Madr-as populations were closely comparable. Though

the predominant 2:iele in all the populations at fourth locus is S, its value

was considerably much higher at Mangalore than that of other regions. An

overall comparison of frequency values of Sand F alleles at all the four

loci thus showed 5ignificant East-West regional as well as inter populational

differences with in each region.

Table 3 presents observed and expected esterase genotype frequencies

as well as chi-squared values. The values significantly deviated only in three

occasions out of 20. The significant deviations occured twice in Cochin

at Second and third loci and once in Madras at second locus. Excess of

heterozygotes in Cochin and homozygotes in Madras produced the deviation.
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4.1.4 GLUCOSE-6-PHOSPHATE DEHYDROGENASE (G6PD)

Zymogram patterns of Glucose-6-phosphate dehydrogenase (G6PD)

in Sardinella longiceps observed from Cochin, Calicut , Mangalore, Mandaparn

and Madras are shown in Figure 10,11 and Plate 10,11. The zymogram showed

five zones of activity which were attributed to five loci. These zones were

identified according to mobility differences of a band or set of bands. The

top of the gel was having an invariant band (0 mm) which was designated

2.S G6PD-I locus. In all the five stations studied the first locus was non

polymorphic. In Cochin population the activity of first locus was less when

compared with other centres which showed 3x intensity (FIG.10A; PLT.10.-\) .

.Another invariant band at 3 rim was observed in all regions. This was desig

nated as second locus (G6PD-II). All the different populations sampled showed

an intensity of 1x except Cahcut population, where the band showed 2x activity

in some animals and 1x activity in other animals. The second tube of Calicut

population's photograph shows this increased activity (FIG.10B; PLT.10B).

Unlike the first and second non-polymorphic loci, the G6PD-I1I locus

was polymorphic in nature. Out of the five populations sampled, Mandaparn

and Madras were showing bands at 7 mm and 8 mm. However, Cochin,

Cailcut and Madras showed a single band at 7 mm suggesting its homozygous

nature with reference to double band heterozygous type at 7 mm and 8 mm

present in other two popula tions, Single banded F homozygotes and double

banded SF heterozygotes were observed in Mandaparn and Madras populations.

But single banded S homozygotes were totally absent. In addition to these

three loci, all the five stations also showed bands at 13 mm and 15 mm

positions. These invariant bands were designated as fourth (G6PD-IV) and



FIGURE 10 AND PL ATE 10

Zymogram patterns of Gl ucose-B phosphate Dehydrogenase

in S. longiceps popula tions from

Locus

A Cochin I = 0-1 mm
B - Ceficut 11 = 3 mm
C - Mangalore III = 6-8 mm

IV = 12- 13 mm
V = 14-15 mm
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FIGURE 11 AND PLATE 11

Zym ograrn patterns of Glucose-B'-Phosphate Dehydrogenase

in S. longiceps populations from

Locus

D Mandapam I = 0- 1 mm

E Madras 11 = 3 mm

III = 6- 8 mm

IV = 12- 13 mm

V = 14- 15 mm
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fifth (G6PD-V) loci respectively. Since these bands did not show any varia

tion, G6PD-IV and V loci were considered as non-polymorphic in the five

populations sampled. The absence of polymorphism at all the five loci of

G6PD in West coast populations and polymorphism at III loci in East coast

populations clearly suggests that S. longiceps of East-West coast of India

are genetically very different.

Allelic frequencies calculated for different loci are shown in Table

2. Allelic frequencies at G6PD I, 11, IV and V show cent percent S allele

(S = 1.00) in all the five populations. In case of G6PD-IIl locus, Cochin,

Calicut and vlangalore populations were monomorphic, the allele frequency

of S being 1.00. But In Mandaparn and vladras populat ions the frequency

of F allele was more, it being 0.76 for :\landapam and 0.53 for Madras.

vladras and Mandaparn populations also appeared to possess different frequen

cies at the third locus. The differences in the G6PD allelic frequencies

of the populat ions of West coast (Cochin, Calicut and Mangalore) and that

of East coast (Madras and Mandaparn) are significant.

The observed and expected values of genotype frequencies are shown

in Table 3. In Mandaparn population, the observed and expected values for

G6PD-III locus were in agreement with the Hardy-Weinberg proportions. In

contrast the Madras population showed significant deviation from the Hardy

Weinberg equilibrium, due to excess of heterozygotes (TBL.3).

4.1.5 GLUTAMATE DEHYDROGENASE (GDR):

Zymogram patterns of GDH enzyme in populations of Sardinella

longiceps studied from Cochin, Calicut , Mangalore, Mandaparn and Madras



FIGURE 12 AND PLATE 12

Zymogram patterns of Gluta mate Dehydrogenase in

s. longiceps populations from

Locus

A - Cochin I = 0-7 mm

B - Calicut 11 = 9-15 mm

C - Manga lore
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FIGURE 13 AND PLATE 13

Zymogram patterns of Glutamate Dehydrogenase

in .§.. longiceps populations from

Locus

D Mandapam 1 = 0-7 mm

E - Madras II = 9- 15 mm
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are shown in Figure 12,13 and Plate 12,13. The zymogram showed two differ

ent zones of enzyme activity which are presumed to be under the control

of two loci. They are designated as GDH-l and GDH-Il according to their

orcer of increasing mobility. Activity of GDH-I locus occured between

0< mm gel position. The activity of the II locus, GDH-Il was found between

9 :-:",m and 15 mm. Both GDH-I and Il loci showed phenotype variation.

The polymorphism at GDH-I locus at Cochin produced slow type (S band)

anc fast type (F band) homozygotes and slow-fast type (SF band) heterozy

go t e s. However, in Mangalore, Mandapam and Madras populations only fast

borrozygotes and heterozygotes were present, whereas in Calicut population

slow homozygote and heterozygote were found. The mobility of GDH-I fast

bar:c in Calicut and Madras populations was slightly more than that of Cochin,

Mar-galore and Mandapam population (PLT. 12B and 13E). Interestingly, the

mooility of GDH-Il slow band seemed to be more slower in Mangalore and

Mandaparn populations (PLT. 12C and 13D). Also the .bands in general were

nar-ow in Calicut and Madras populations (PLT.12B and 13E). Unlike GDH

I which is polymorphic in all populations studied, the GDH-Il showed poly

mo-onism in Calicut and Mandapam only. Besides, while cent percent F allele

was observed in Cochin, Mangalore and Madras populations, Calicut population

showed cent percent S allele; whereas Mandapam population showed slow homo

zygote and fast homozygote but no heterozygotes were observed.

The allelic frequencies of Glutamate dehydrogenase first and second

loci are summarised in the Table 2. In Cochin, Mangalore, Mandapam and

Madras populations the F allele 'was found to be the major allele at GDH-
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I locus. The frequency of F allele ranged i~om 0.54 at Mangalore to 0.90

at Madras. In contrast to this in Calicut :'Jpulation the S allele was the

major allele (8=0.76). As regard to GDH-[ locus F was the major allele

in Cochin, Mangalore and Madras populations F=1.00), whereas Calicut showed

cent percent S allele (8=1.00). However, in vlandaparn population S allele

frequency was 0.68 and F allele frequency W", 0.32. Thus significant differ

ences in the GDH allelic frequencies between local populations as well as

regional populations suggest that population, of §.. longiceps from Cochin,

Calicut, Mangalore, Mandapam and Madras are ~enetically different.

Values of observed and expected genc.ype frequencies in the sample

populations are tabulated in the Table 3. Ccchin and Mangalore populations

showed significant deviations from the Har cv-weinberg equilibrium whereas

observed values of Calicut, Mandapam and "Iadras showed good agreement

with the expected values. In both Cochin snd Mimgalore the disagreement

was due to the excess of heterozygotes at G:JH-I locus. The expected geno

type values in Mandapam population was also cevia ted due to excess of homo

zygotes.

4.1.6 ISOCITRATE DEHYDROGENASE (IDH)

Zymogram patterns of IDH enzyme in Sardinella longiceps populations

studied from Cochin, Calicut, Mangalore, Mandapam and Madras are shown

in Figure 14,15 and Plate 14,15. The zymogram patterns of all the five

regions examined showed IDH enzyme activity in two different areas, the

first at the top of the gel (0-1 mm) was designated as first locus (IDH

o and the second observed in between the 5 and 9 mm was designated as



FIGURE 14 AND PLATE 14

Zymogram patterns of lsocitrate Dehydrogenase in

S. longiceps populations from

Locus

A Cochin I = 0-1 mm

B - Calicut 11 5-9 mm

C - Mangalore
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FIGURE 15 AND PLATE 15

Zymogram patterns of lsocitrate Dehydrogenase in

~. longiceps populations from

Locus
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second locus una-m In all the five populations studied lDH-I locus showed

an invariant band. The enzyme activity of Cochin population appeared to

be of lesser intensity than that of other areas (PLT.14A). The second locus

was polymorphic in both Calicut and Mandapam populations, whereas it was

non-polymorphic in Cochin, Mangalore and Madras populations, where only

a single fast band F (8 mm) was observed. In Mangalore and Madras popu

lations, eventhough the F band showed same activity (Sx) in all the individuals

tested, some animals showed slightly higher intensity (PLT.14C and 15E).

The polymorphic I! locus in Calicut and Mandapam populations showed three

phenotypes. They are (1) a single banded slow homozygote (S) (2) double

banded slow-fast (SF) heterozygote and a single banded fast homozygote (F).

A close comparison of these three phenotype variants suggests that they

may be eo-dominant di-allele products at a single locus. The Sand F bands

of lDH-I! locus were found at 7th mm and 8th mm respectively.

The allelic frequencies, observed and expected genotype frequencies

calculated for lDH are shown in Table 2.3. For lDH-I locus all the five regions

showed similar allelic frequencies, these being cent percent S allele (S=1.00).

The allele frequencies at lDH-Il locus were similar in Cochin, :llangalore

and Madras populations with cent percent F allele (F=1.00). However. another

allele S was also present in the population from Calicut region at a lower

frequency than that of F allele. The frequencies of Sand F allele were

0.09 and 0.91 respectively. On the other hand frequency of S allele was

higher (S=0.63) than that of the F allele (F=0.37) in Mandaparn population.

Thus a comparison of allele frequencies of lDH-I! locus in Calicut and YIandapam
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populations showed significantly different values suggesting that these two

populations may be genetically different. Though allelic frequencies of

IDH-II locus are identical at Cochin, Mangalore and. Madras, their geographic

positions with reference to genetically different Calicut and Mandaparn popu

lations suggest that they are also genetically isolated populations as the

each of the former two populations appeared to be a barrier between any

other two populations. In other words, comparison of IDH second locus reveals

that Cochin is non-polymorphic while Calicut is polymorphic; Calicut is poly

morphic while Mangalore is non-polymorphic; Mandaparn is polymorphic while

Madras is non-polymorphic, viz. polymorphic CaJicut population acts as a

barrier between monomorphic Cochin and Mangalore populations.

Table 3 shows the values of the observed and expected genotype dis

tributions at IDH-II locus in the sample popular ions. In Calicut population.

the observed values are in agreement with the Hardy-Weinberg proportions,

but significant deviations between the observed and expected values existed

in Mandapam population, mainly due to excess of F homozygotes (TBL.3).

4.1.7 LACTATE DEHYDROGENASE (LDH)

Zymogram patterns of lactate dehydrogenase (LDH) In Sardinella

longiceps from Cochin, Calicut, Mangalore, Mandapam and J\!ladras are shown

in Figure 16,17 and Plate 16,17. The zymogram showed three zones of

activity which were attributed to three loci. They were designated as

LDH-I, LDH-II and LDH-III indicating zones of increasing electrophoretic

mobility. In all the five populations sampled LDH-I (0-1 mm) having a single

band at the original sample application position was found to be non-poly-
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Zymogram patterns of Lactate Dehydrogenase in

~. longiceps populations from

Loc us

A Cochin I = 0- 1 mm
B Cellcut Il = 4- 8 :":1 m
C Mangalore III = 9- 14 mm
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FIGURE 11 AND PLATE 11

Zymogra m pat terns of Lactate Dehydrogenase

in S. longiceps populat ions from

Locus

D · Mandapam I = 0- 1 mm

E - Madras 11 = 4-8 mm

III = 9- 14 mm
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morphic. LDH-II was polymorphic in both Mangalore and Mandapam popu

lations with fast band F (7.0 mm) as predominant allele, whereas it was

non-polymorphic in Cochin, Calicut and Madras populations: where only a

single fast band F (7.0 mm) was observed. LDH-Ill appeared to be polymorphic

in all the five populations. All the specimens from Cochin and Madras showed

only five banded heterozygote patterns whereas both homozygotes and hetero

zygotes were present in samples from Calicut, Mangalore and Mandapam

regions. Only three of the five bands of the heterozygotes. are clearly visible

in the plate whereas the other two bands were too light to be seen in the

photograph, the reason of which will be discussed elsewhere (PLT.16,17).

The zymogram patterns of LDH at LDH-II and III loci in a few specimens

from Mangalore appeared to be different from that of all other regions.

As visible in the photograph (PLT.16C), in 1st and 5th tube the two thick

dark bands at the region of 11 and III loci are seen as very closely moved.

Such a pattern is expected to occur when fast homozygote band of 11 locus

and slow homozygote band of III locus are present together in the same

individual. Such individuals were also present in Calicut as shown in the

photograph (PLT.16B), particularly in the 6th tube where the bands being

narrow and light, they appeared a little less closer than that of Mangalore

region.

The allelic frequencies calculated for different loci are shown in Table

2. The allelic frequencies at LDH-ll locus were similar in Cochin, Calicut

and Madras populations, these being cent percent F allele in these stations.

However, another allele S was also present in the populations from Mangalore
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and Mandapam at lower frequencies than that of F allele which was again

the predominant allele. Thus a comparison of these allelic frequencies at

LDH-ll locus indicate that their values are significantly different between

Cochin/Calicut (F= 1.00) and Mangalore/Mandapam (F=0.84110.66) and Madras

(F=1.00) (TBL.2). The frequencies of Sand F alleles at LDH-lll locus are

closely comparable between the populations. The reason for the occurance

of equal frequencies of 0.5 each for Sand F allele in the populations from

Cochin and Madras is due to the presence of cent' percent heterozygotes in

these two regions.

Table 3 shows the values of the observed and expected genotype dis

tributions in the sample populations. The chi-square values are highly signi

ficant at Cochin, Mangalore and Nladras (TBL.9) due to excess of hetero

zygotes particularly at LDH-Ill locus, whereas it was due to excess of homo

zygotes at LDH-ll locus in Mangalore.

4.1.8 MALATE DEHYDROGENASE (MDH)

MDH zymogram patterns in Sardinella longiceps sampled from different

areas like Cochin, Ca licut , Mangalore, Mandapam and Madras are shown in

Figure 18 and Plate 19. The zymogram patterns of all the five regions

examined showed MDH enzyme activity in two different gel positions, the

first at the 0-1 mm to 5 mm designated as MDH-I locus and the second

at 9 mm designated as MDH-ll locus. MDH-l locus was found to be mono

morphic in Cochin, Calicut and Mandapam populations where only the fast

phenotype (F band) was expressed compared to the polymorphic pattern of
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Mangalore and Madras. The variant phenotypes observed in these two popu

lations were slow moving S, fast moving F and their combinations SF (FIG.18A

and B, PLT.18A and B). The second locus showed monomorphism in all the

stations examined with only one band (S band). Thus the MDH enzyme patterns

in Cochin, Calicut and Mandapam popula tions appeared to be just two banded

(FIG.18A, PLT.18A). On close comparison with that of polymorphic patterns

of Mangalore and Madras, the first band was in equal position oi F band

of polymorphic MDH-I locus, whereas the second band at monomorphic second

locus was identical in all the five populat ions (FIG.18B, PLT.18B).

Allelic frequencies calculated for MDH-I and II locus are su:nmarized

in the Table 2. Mangalore and Madras populat ions alone showed polymorphism

at MDH-I locus. The frequency for the major allele F was 0.5', and 0.70

in Mangalore and Madras populat ions respectively. Their allelic .requency

differences as well as distant geographical positions separated by other distinct

populat ions indicate that these two populations are genetically cifferent.

The non-polymorphic MDH-I locus in Mandaparn and its polyrnorph.e nature

In Madras clearly suggests their genetic difference viz. F allele appears

to be fixed in Mandapam, while it is only predominant in vladras pcoulat ion.

In this respect monomorphic Cochin and Calicut populat ions are gECletically

distinct from polymorphic Mangalore population.

The observed and expected values of genotype frequencies ",e shown

In the Table 3. The expected frequencies are in close agreement with the

observed frequencies. Therefore, the chi-square values are with in tre limits.
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these being 1.96 (P>0.05) and 0.726 (P>0.05) for Mangalore and Madras popu

lations respectively (TBL.9). Thus the observed MDH-I locus polymorphism

in S. longiceps is balanced in nature.

4.1.9 XANTHINE DEHYDROGENASE (XDII)

Figure 19 and Plate 19 shows zymogram patterns of xanthine dehydro

genase (XDH) in Sardinella longiceps tested from Cochin, Calicut, Mangalore,

Mandaparn and Madras. From different zymogram patterns, it was inferred

that XDH is controlled by two presumtive loci. The activity of XDH-I locus

occured between 0-7 mm gel position whereas XDH-II locus activity was

observed at 10-11 mm position. Only XDH-I locus showed phenotype varia

tion (FIG.19, PLT.19). The polymorphism at XDH-I locus produced fast band

(F homozygote) and slow-fast bands (SF heterozygote). However, slow homo

zygote (S band) was not observed in any of the population. In Mangalore

and Madras populations (PLT.19B and D) the mobility of XDH-I fast band

was slightly more than that of Cochin, Calicut and Mandapam {PLT.19A and

cl. Interestingly the mobility of XDH-II slow band seemed to be more slower

In Mangalore and Mandapam populations, Similar phenomenon was also

observed, in GDH enzyme as reported earlier.

The allelic frequencies of XDH first and second loci are summarized

in Table 2. The polymorphic XDH-I locus showed significant allele frequency

differences between regions except Mangalore and Mandapam. The predominant

allele was F in all the populations, the frequency of which ranged from 0.54

to 0.92. The Mangalore and Mandapam populations showed same allele fre

quency of 0.71 each for F allele and 0.29 for S allele respectively. Significant
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allele frequency differences between regions suggest genetic heterogeneity

of different populations.

Values of observed and expected genotype frequencies in the sample

populations are tabulated in the Table 3. Significant heterozygote excess

was observed at Calicut population whereas only considerable deviation from

Hardy-Weinberg equilibrium was observed in Mangalore, Mandaparn and Madras

due to excess of heterozygotes.< However, Cochin population showed good

agreement with equilibrium conditions.

4.2 ANALYSIS OF DATA

4.2.1 Average Polymorphism

Details on the total number of polymorphic loci, average polymorphism

in different popula tions of ~. longiceps and the average polymorphism in

the species are presented in Table 7. A total of 25 loci belonging to nine

enzyme systems were considered for calculation of all the 5 populations.

Average number of polymorphic loci ranged from 0.33 in Cochin to 0.55

in Mandapam, giving an average 0.41 in S. longiceps. Thus these results

revealed considerable differences in average polymorphism between the popu

lations.

4.2.2 Average number of alleles per locus

Table 8 shows comparison of average number of alleles at 25 loci

in S. longiceps from 5 different populations. Total alleles ranged from 33

in Cochin to 37 in Mandapam. The average number of alleles in each popu

lation ranged from 1.28 in Cochin to 1.49 in Mandaparn. The average number
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of alleles In Sardinella longiceps was 1.37. The data on the average number

of alleles per locus also showed considerable population differences as revealed

by average polymorphism.

4.2.3 Heterozygosity

The proportions of heterozygotes at each of the 25 loci for all the

5 populations sampled are shown in Table 4. The average heterozygosity

for 9 different enzymes of the 5 populations of S. longiceps are given in

Table 5. Average heterozygosity in the five populations ranged from 0.16

in Mangalore to 0.24 in Mandaparn and it was 0.21 in S. longiceps species.

The enzyme wise average heterozygosity varied from 0.06 in G6PD to 0.37

in EST. These results thus revealed significant heterozygosity differences

among the five populations of §.. longiceps. In other words, very high genetic

variabili ty existed within the species.

4.2.4 Genetic Identity and Distance

Table 10 shows computed values of genetic identity and corresponding

distance for five different populations of §.. longiceps. A total of 250 com

parisons involving 25 enzyme loci and five populat ions were made for obtain

ing the average G.I and G.D. The estimated mean values of genetic identity

and their corresponding genetic distance ranged from 0.846 (Mangalore/

Mandaparn) to 0.967 (l) (Cochin/Mangalore) and 0.033 (Cochin/Mangalore)

to 0.166 (D) (Mangalore/Mandaparn) respectively. Thus the lowest genetic

identity (0.846) or the corresponding highest genetic distance (0.166) was

found between Mangalore and Mandaparn followed by Calicut and Mandaparn,
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suggesting that east west populations are more genetically different than

between populations of each coast. The lowest genetic distance was found

between Cochin and Mangalore, closely followed by Cochin and Calicut.

Interestingly, as expected, genetic similarity is more among populations of

west coast than between west and east coast populations. Because, average

genetic identity values of west and east coast populations were 0.95 and

0.90 respectively. Correspondingly average genetic distance among three

west coast populations is less than that between west coast and east coast

populations, these being 0.0685 and 0.1165 respectively for the two groups.

Another interesting finding is that average genetic distance is higher between

Mandapam/Madras (0.0856) than that of Cochin/Calicut/Mangalore (0.0685),

suggesting Mandapam and Madras populations are more dissimilar and distant

than between populations of west coast.•



s. DISCUSSION
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The traditional concept on unit stock in fisheries research and manage

ment as described by Marr (1957) and Muzinic and Marr (1960) could not

contain the micro and macro evolutionary processes known to occur at gene

levels of species organisation (Ayala and Kiger , 1980). Hence, the signi

ficance of application of genetic principles in fisheries research and manage

ment was well recognised at the ICES special meeting (deLigny, 1971). Recently

THE STOCK CONCEPT INTERNATIONAL SYMPOSIUM (Anon, 1981) again

reiterated and elaborately discussed various .aspeets of stock concepts in

fisheries research and management. The importance of application of gene

controlled proteins/enzymes in detecting and identifying reproductiveIy isolated

genetic stocks of fish resources was strongly emphasised in the stock symposium

(Altukhov, 1981; Allendorf and Phelps, 1981; Ihssen ~ aI., 1981a; ~Iac Lean

and Evans, 1981).

Detection and identification of specific proteins/enzymes were made

easier by gel electrophoresis and zymogram methods developed by Smithies

(1955) and Hunter and Markert (1957) respectively. The combined application

of these two biochemical techniques has revealed good amount of biochemical

genetic polymorphism in almost all the fish and shell fish species testec

throughout the world. An overall analysis of the averages of polymorphic

loci, number of alleles per locus, heterozygosity etc. would reveal the degree

of genetic variability between the populations belonging to the species.

A comparison of the nature of polymorphism between two or more

populations has enabled the investigators to establish genetic homogeneity
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or heterogeneity of the populations of a particular species. The degree of

homogeneity or heterogeneity is measured primarily by the allelic frequencies

at several enzyme loci examined. Significant differences at many gene loci

are considered as evidence for the stock differences whereas non significant

allelic differences indicate genetic homogeneity of the populations (Jamieson,

1974; Ayala and Kiger, 1980; Allendorf and Phelps, 1981; Altukhov, 1981).

Further, comparative analysis of genetic identity and genetic distance accord

ing to the method of Nei (1972) can also throw some light on the present

genetic relationship attained by different populations in the process of unknown

evolution (Ayala and Kiger, 1980; Utter, 1987). The identification of genetic

unit stock structure of a fish species that is being exploited as a single

stock fishery is the first step in preventing the collapse of the fishery itself.

For example, the collapse of the fishery of Pacific sardine, Sardinops sagax

was thought to be the consequence of gradual break down of its suspected

subpopulations (Radovich, 1982, Hedgecock, 1986). The Indian oil sardine

Sardinella longiceps is heavily exploited as a single stock fishery. Besides,

significant fluctuation in its total landings has become an undesirable nature

of the Indian oil sardine fishery (Antony Raja, 1973). Hence the possible

role of composite population structure of ~. longiceps in its short and long

term fluctuations cannot be ruled out.

In the above background, the main objective of the present investi

gation was to study biochemical genetic composition of populations of Sardinella

longiceps with a view to identify discrete genetic stocks of the species,

if any. To achieve the above Objective, standardized biochemical genetic
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techniques were applied at all levels of the investigation (TBL.1). As a

result essentially required data in the form of zymograms (FlGS.2-19), allelie

frequencies (TBL.2), proportion of polymorphic loci (TBL.7), average hetero

zygosity (TBL.5), number of alleles per locus (TBL.8), average values of genetic

identity and distance (TBL.10) at twenty five gene loci belonging to nine

enzyme systems were collected for five populations of .§.. longiceps. Each

of these enzyme systems was analysed separately to obtain the present genetic

nature of each population. These results have been discussed objectively

as well as in the light of comparable and relevant results reported by others

in the same and other species of fishes. For making the discussion natural,

important genetic aspects of each populations of .§.. longiceps have been pre

sented enzyme wise. Though a total of about 50 enzyme systems were identi

fied in different organisms by gel electrophoresis and zymogram techniques

(Shaw and Prasad, 1970) only nine enzyme systems could be analysed in the

present investigation. There are two main reasons for selecting these specific

nine enzyme systems. The first was that these enzymes were already known

to be actively present and polymorphic in many fish species. The second

reason is, it was not practical to include all the enzyme systems within

the limited time, budget and facilities available for the investigation.

Quantitative and qualitative deviation of certain genetic characteristics

from that of ideal have also been discussed separately under the heading

general discussion. This coherent form of discussions enabled to get an insight

into the population genetic structure of .§.. longiceps and to make the con

clusion scientifically more rewarding.
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5.1 ALCOHOL DEHYDROGENASE (ADH)

Zymogram patterns of liver ADH in Sardinella longiceps showed intra

species genetic polymorphisms in Calicut and Mandaparn populations while

monomorphism in Cochin, Mangalore and Madras populations. Thus these

two different patterns of ADH indicated genetic differences between these

two groups of populations. Similar genetic differences were also observed

at lDH locus discussed elsewhere. ADH has been reported as monomorphic

in Artic charr (Ryman and Stahl, 1981), brown trout (Skaala and Jorstad,

1987) and Alaskan chinook salmon (Gharrett ~ al., 1987). However, ADH

has been reported as polymorphic in Oryzias (Sakaizurni ~ al., 1983), cutthroat

trout (Campton and Utter, 1987) and rainbow trout (Berg and Gall, 1988).

Buth (1980) reported both monomorphic and polymorphic ADH in different

populations of Hypentelium nigricans which phenomenon is comparable to

the present findings in S. longiceps.

An overall comparison of allele frequencies in these two groups of

populations naturally indicated significant frequency differences. For example,

slow S allele frequency was cent percent in Cochin, Mangalore and Madras

populations, whereas it varied between 0.72 to 0.95 in Calicut and Mandapam

populations reinforcing the above stated genetic differences (TBL.2). The

ADH allele frequency patterns also indicated significant differences between

closely related regions like Cochin and Calicut, Calicut and Mangalore and

Mandaparn and Madras. Though allele frequencies at ADH-I and II are identical

in populations from Cochin, Mangalore and Madras, they are to be considered

as genetically isola ted popula tions due to the presence of polymorphic Calicut
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population between Cochin and I\langalore and polymorphic Mandapam popu

lation between Mangalore and Madr-as. That is, a polymorphic population

acts as a barrier between two non-polymorphic populations. Though allele

frequencies at ADH-I locus was similar between Calicut and Mandaparn,

allele frequency of second locus indicated considerable differences suggesting

their possible genetic differences, it being 0.95 in Calicut and 0.75 in Mandapam

for S allele. Similar allele frequency differences have been reported by

various authors. Buth (1980) reported ADH polymorphism and significant

allele frequency differences in his study in selected populations of Hypentelium.

Present (1987) has reported highly significant allele frequency differences

between different populations of Hypoblennius jenkinsi. The frequency of

a and b allele from 2 populations showed an average of 0.56 and 0.44 whereas

another population showed 0.20 and 0.80 for a and b allele respectively.

Hardy-Weinberg equilibrium tests indicated good agreement between observed

and expected values (TBL.3). The second locus at Calicut population showed

perfectly balanced polymorphism.

It is really interesting to observe that populations of close proximity

like Cochin and Calicut have significant allelic frequency differences, while

distant populations like Cochin, Mangalore and Madras have similar allelic

frequencies. Such interesting phenomenon was reported in rainbow trout

(Berg and Gall, 1988). Similar phenomenon was also reported in the morpho

metries of Nemipterus japonicus. Its populations from close by Kakinada

and Visakhapatnam were significantly different while its population from

distant Madras was not found more heterogenous than that of Kakinada and
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Visakhapatnam (Rao and Rao, 1983). The authors attributed low salinity,

ecological variation of Kakinada region as the possible basis for the observed

population differences. However, in the present case no such ecological

differences have been reported existing in Cochin and Calicut. Above all,

the present observed differences are based on protein allelic differences,

not influenced by non-genetic factors like salinity. Besides, such apparent

genetic similarity over long distances is characteristic of many marine teleost

species such as Katsuwonus pelamis (Richardson, 1983), Stegastes fasciolatus

(Shaklee, 1984), Clupea spp. (Grant, 1984; Grant and Utter, 1984; Ryman

~ al., 1984), Gadus morhua (Mork ~ al., 1985) and Hoplostethus atlanticus

(Smith, 1986) as reported by Milton and Shaklee (1987).

5.2 ALDEHYDE OXIDASE (AD)

Aldehyde oxidase was also found highly polymorphic in Sardinella

longiceps tested from Cochin, Calicut, Mangalore, Mandapam and Madras.

Though first locus of this enzyme showed monomorphism in all the populations

tested, the second and third locus showed polymorphism. The range of S

allelic frequencies, 0.31 in Cochin and 0.73 in Mandapam indicated genetic

heterogeneity among the populations. However, the reason for getting equal

frequency of 0.50 each for slow and fast allele at Calicut and Mangalore

stations is the observance of cent percent heterozygotes in these two popu

lations (TBL.2).

The third locus of aldehyde oxidase was polymorphic only in Cochin

population, while all the other populations showed monomorphism. Thus

Cochin population appeared to be genetically very different from all other
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populations. Cochin population showed S allele frequency as 0.19 whereas

F allele showed dorninancy (F=0.81). Though Calicut, Mangalore, Mandaparn

and Madras showed monomorphism, it is very interesting to discuss their

gene frequencies. That is, while the Calicut and Mangalore populations showed

cent percent F allele, Mandapam and Madras populations both on east coast

showed cent percent S allele. Therefore, the S allele fixation at Mandaparn

and Madras and F allele fixation at Calicut and Mangalore clearly indicates

strong stock differences between Calicut/Mangalore group and Mandaparn/

Madras group of populations. Thus, an overall comparison of second and

third loci suggests significant genetic differences among all five populat ions

except between Calicut and Mengalore.

Though available reports on biochemical genetic studies in other fishes

show that aldehyde oxidase was not investigated as a potential genetic marker,

it has been studied by many investigators In fishes; for example, Atlantic

halibut (Fevolden and Haug, 1988) and shell fishes (Berglund and Lagercrantz,

1983; De Matthaeis ~ aI., 1983) and in cat fishes (Suzuki and Phan, 1990).

However, it has been studied in detail in Drosophila (Ayala ~ aI., 1974).

Monomorphism has been reported in gummy shark (Mac Donald, 1988) and

in many marine crustaceans (Lester, 1979, 1983; Fuller and Lester, 1980;

Redfield ~ al., 1980) as reported by Philip Samuel (1987).

Polymorphic aldehyde oxidase has been reported in P. indicus by Philip

Samuel (1987) showing two alleles with two banded heterozygote. It was

also found highly polymorphic with two banded heterozygote in Mugil cephalus

(Vijayakumar, 1992) as also observed in S. longiceps here. Though gene fre-
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quencies were same In both Cochin and Madras for aldehyde oxide enzyme

in Mugil cephalus, considerable gene frequency difference was observed in

Orissa population and thus indicating genetic heterogeneity of Orissa population.

De Matthaeis et al. (1983) have reported both polymorphism and monomorphism

in their study to find out genetic differentiation between Penaeus kerathurus

and .!:-. japonicus. It is interesting to note that AO-1 showed monomorphism

in populations of both .!:-. japonicus and P. kerathurus, a comparable pattern

to that of the present investigation. It is also interesting to note that AO-2

was polymorphic in P. japonicus as was also noticed here in S. longiceps.- -

Further the observation of a third locus and its genetic differences in S.

longiceps appears to be a first report of its kind.

Thus the reports of the genetic nature of aldehyde oxidase enzyme

in different species as well as between populations of a particular species

suggest its important role at different levels of species organisation. These

reports also suggest its suitability as a potential genetic marker for differen

tiation of species as well as populations.

A comparison of Chi-squared values at locus I! of aldehyde oxidase

indicated significance due to excess of heterozygotes in Cochin, Calicut and

Mangalore whereas its significance due to excess of homozygotes was present

in Madras population. The highly significant deviation in Chi-squared values

noticed in Calicut and Mangalore was due to cent percent heterozygotes

in these two regions. The Chi-squared values at AO-I! at Mandapam and

AO-III at Cochin were non significant (TBL.9).
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2.57

3.83 3.09 0. 118

16.0 (+) 0.96 1 0.179 0.036 10.8 (+)

P < O.OOI P> 0.001

8.63 (+) 0. 115 5.69 (+)

P> O.OOI P> 0. 0 1

3. 19 0. 042 0.3 16 5.52 (+) 0.62 2

P > 0.0 1

~. G6PD I

11. G6 PD II

12. G6PD III

13. G6P D IV

14. G6PD v
15. GD H r

16. GDH n
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IDH 11

19. LDH I

10. LDH IJ
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P>O.OO l

2.28

0.64

17.18 (+)
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15.16 (+)
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1.6 ,

0.668

19. 05 (+)

P < 0.00 1
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p> 0.00 1

5. 14 (+ )

p > 0.01

20.4 1 (+)

P <0.00 1

0.2 47



Ifable: 9 contd.••

. indicates the significa nt c m-squared va lue



57

5.3 ESTERASE (EST)

Esterase enzyme system of Sardinella longiceps in muscle tissue showed

genetic polymorphism at all four loci detected. Out of the four loci, first

locus showed polymorphism in populations of west coast and monomorphism

in popula tions of east coast, suggesting significant east west regional stock

differences. The frequency of major allele S was from a range of 0.73 to

0.93 in Cochin, Calicut and Mangalore and cent percent in Mandaparn and

Madras. Though S allele is predominant in Cochin, Calicut and Mangalore,

considerable frequency difference was shown by Mangalore population (TBL.2).

The second, third and fourth loci were highly polymorphic in all the four

populations, The allele frequencies at the second locus in Cochin, Calicut

and IVlangalore were considerably different among themselves, whereas these

were again almost similar between Mandapam and Madras (TBL.2). Though

predominant allele in Cochin, Mangalore, Mandaparn and Madras was S allele,

the Calicut population differentiated itself by having F as its predominant

allele. The allele frequencies at third locus were considerably different

in all the populations except between Calicut and Mangalore. Besides, the

predominant allele between populations appears to be considerably different

at third locus except between Calicut and Mangalore (TBL.2). On the other

hand, the nature of allele frequencies at fourth locus indicated considerable

difference in Mangalore population in the west coast and also between

Mandapam and Madras in east coast. Thus, an overall comparison of allele

frequencies at each of four esterase locus between populations and between

east and west coast suggests genetic stock differences in S. longiceps tested
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in the present investigation. However, Mandapam and Madras populations

could be clearly differentiated only by third locus, Where predominant alleles

were different.

There are many published reports on the application of intraspecies

esterase polymorphism for the identification of stock differences. The presence

of polymorphic as well as non-polymorphic esterase locus reported in many

other fishes anc crustaceans are comparable with the present findings. For

example, Crozier (1987) observed three loci of which Est-3 was polymorphic.

In his study out of the total five populations of Angler fish, three showed

monomorphic 100 allele whereas other two populat ions showed polymorphism.

Similarly, Shaklee and Samollow (1984) detected three esterase loci out of

which Est-3 was polymorphic. Andersson et al. (1983) identified three esterase

loci in Arctic charr, where one locus was found to be monomorphic and

others polymorphic.

From different reports it is also evident that esterase enzyme can

be applied for stock identification purposes. For example, Utter (1969) con

sidered significant gene frequency differences calculated at esterase locus

at a level of 0.603 and 0.828 between two populations of Pacific hake,

Merluccius productus as genetic stock differences. Smith et al. (1978) identi

fied distinct genetic stocks on the basis of significant esterase allele fre

quency differences in the populations of New Zealand snapper. Similarly,

Altukhov (1981) detected genetic heterogeneity and reproductive isolation

in salmon and red fish populations based on esterase gene frequency differen

ces. Genetic stock differences in populations of Catostomus have been
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detected by Buth and Crabtree (1982) based on esterase gene frequency

differences. In their study cent percent slow allele was observed at

Est-2 locus in Serpe Creek populations whereas all other populations showed

varied allele frequencies ranging from 0.89 to 0.98. Similar genetic hetero

geneity has also been reported by Grant (1984) in Atlantic herring populations

based on esterase allele frequency differences. Richardson and Habib (1987)

considered esterase as a genetic tag for identification of different genetic

stocks. In a very recent study on Mugil cephalus, Vijayakumar (1992) reported

genetic heterogeneity and also reproductive isolation among its three popu

lations with regard to esterase allele frequency differences.

All the above discussed reports thus corroborate the present fingings

of genetic polymorphism in esterase enzyme in ~. longiceps and its appli

cation for stock differentiation In the species. All these reports also suggest

that esterase enzyme systems in fishes can be a potential genetic marker

for population genetic analysis.

Hardy-Weinberg tests conducted, showed significant deviation in only

five out of twenty cases. Three cases showed excess of heterozygotes at

Cochin (second and third locus) and Mandaparn (fourth locus), whereas, two

cases of excess of homozygotes were observed in second locus of Madras

and third locus of Mangalore. All were significant at 5% level. Such occurr

ence of excess of homozygotes and excess of heterozygotes are common.

Jamieson ~ al. (1971) have revealed an excess of homozygotes in nearly half

of all samples tested in their study in Scomber scombrus as reported by

Smith and Jamieson (1978). Smith ~ al. (1981a) detected significant excess
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of homozygotes in Atlantic mackerel in seven out of eleven area samples

collected in the North East Atlantic. Even after analysing the data with

respect to sex, year class, size within the year class and haul, homozygotes

showed their dominancy. Various other reports are also there showing excess

of homozygotes at esterase locus (Mi t ton and Koehn, 1975; Winans, 1980;

Andersson ~ al., 1983; Richardson and Habib, 1987; Seeb ~ al., 1987; Lavery

and Shaklee, 1989). Excess of heterozygote at esterase locus have been

reported by Smith ~ a!. (1978) in their study to find out genetic differen

tia tion in New Zealand snapper.

5.4 GLUCOSE-6-PHOSPHATE DEHYDROGENASE (G6PD)

All the populations of Sardinella longiceps from Cochin, Calicut,

Mangalore, Mandapam and Madras showed identical monomorphism at

G6PD-I, Il, IV and V loci whereas its third locus showed polymorphism in

Mandapam and Madras and monomorphism in Cochin, Calicut and Mangalore.

Thus the third locus showed very significant differences in the allele frequency

between populations of west and east coast. The third locus frequencies

were also considerably different between Madras and Mandaparn populat ions

suggesting genetic heterogeneity. In all the monomorphic loci the cent percent

slow allele was observed. However, Mandaparn and Madras populat ions showed

F as their major allele. The allele frequency of F allele being 0.76 in

Mandaparn and 0.53 in Madras (TBL.2). Therefore, monomorphism in west

coast and polymorphism in east coast population at third locus indicate strong

genetic stock differences between these two regional populations. Similarly,
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significant difference in allele frequency between Mandaparn and Madras

also showed genetic heterogeneity of the two local populations in the east

coast region.

G6PD has been reported as monomorphic in most of the fish and

shell fish species such as walleye pollock (Grant and Utter, 1980), Atlantic

mackerel (Smith and Jamieson, 1980), black seabrem (Sumantadinata and

Taniguchi, 1982), Arctic charr (Andersson ~ al., 1983) and Penaeus japonicus

(Sbordoni ~ al., 1986). De Matthaeis et aJ. (1983) In their study on genetic

differentiation between Penaeus kerathurus and P. japonicus found two loci

of G6PD as monomorphic in both species. Similarly, Lavery and Staples

(1990) found monomorphic G6PD in Penaeus esculentus and P. semisulcatus.

Interestingly, Winans (1980) observed polymorphism in only one population

of Chanos chanos out of the total fourteen populations. In his study, the

most common allele (100) showed 0.95 in the polymorphic population. while

all the monomorphic populations showed cent percent 100 allele. However,

considerable allele frequency differences were found between samples of

Hoplostethus atlanticus (Smith, 1986). Out of the seven populations sampled

in his study two showed monomorphism whereas other five populations showed

polymorphism. The frequency of major allele ranged from 0.938 to cent

percent. Thus the reports of monomorphism and polymorphism at certain

loci of G6PD enzyme in other fishes and shell fishes strongly corroborate

similar findings in Sardinella longiceps tested in the present investigation.

However, the present findings appear to be considerably different in the

degree of genetic polymorphism at G6PD loci, because the degree of poly-
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morphism reported in Chanos chanos (Winans, 1980) and Hoplostethus (Smith,

1986) is very low, it being 0.957 to cent percent and 0.938 to cent percent

respectively, whereas it was ranging from 0.53 to 1 for the predominant

allele in .§.. longiceps. Another significant difference noticed in the present

investigation is the predominance of F allele in polymorphic locus.

Hardy-Weinberg equilibrium tests conducted showed balanced poly

morphism in Mandapam population whereas it deviated significantly in Madras

due to excess of heterozygotes (TBL.3).

5.5 GLUTAMATE DEHYDROGENASE (GDH)

Glutamate dehydrogenase was found highly polymorphic at .ts first

locus in all the populations of Sardinella longiceps. Here allele frequencies

were sufficiently different to consider each population as d:ffere~t. The

significant allele frequency differences between populations of east and west

coast and within east and west coast suggest genetic hetercgenei;'. of all

the five populations. The frequency of F allele of first locus rarzed from

0.24 in Calicut to 0.90 in Madras. Similarly, the frequency of F allele of

second locus ranged from 0 in Calicut and 1 in Cochin, Mangalore and Madras.

It means that Calicut population had altogether different allele, r:~mely S,

in the place of F allele in other populations (Cochin, Mangalor e and vladr-as).

However, Mandaparn population, though very far off from Cochir., showed

same F allele as predominant (TBL.2).

Thus the second locus of GDH showed polymorphism in ',Iandapam

population alone, whereas monomorphim in all other populat ions .ndicat ing
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strong genetic differentiation of Mandapam population. Though Cochin, Calicut,

Mangalore and Madras populations showed monomorphic alleles, strong genetic

heterogeneity of Calicut population is indicated by its own cent percent

S allele. Calicut population is uniquely different in having slow allele of

second locus as fixed. Thus Calicut population is highly differentiated from

that of nearby Cochin and Mangalore populations. Though the frequency

of F allele was identical in Cochin, 1V1angalore and Madras, their genetic

differences are also evident by the presence of a genetically different popu

lation between any two populations. For example, genetically different Calicut

population becomes a genetic barrier between Cochin and Mangalore. The

same is true between Cochin and Madras populations because of the poly

morphic Mandaparn population in between. The genetic differences between

I\Iandapam and Madras were also indicated by a polymorphic second locus

In iVlandapam and a monomorphic second locus in Madras.

GDH has been reported as monomorphic in most of the fish species

such as New Zealand snapper (Smith ~ al., 1978), Atlantic mackerel (Smith

and Jamieson, 1980), walleye pollock (Grant and Utter, 1980), milk fish

(Winans, 1980), black seabrem (Sumantadinata and Taniguchi, 1982), orange

roughy (Smith, 1986), California bass (Graves et al., 1990), grey mullet

(Vijayakumar, 1992). However, polymorphic GDH loci have been reported

in blennius, Hypoblennius jenkinsi (Present, 1987). In his study, out of the

three populations, only one showed polymorphism (frequency of a and b allele

being 0.986 and 0.014 respectively), whereas other two populations showed

cent percent a allele, a comparable phenomenon noticed in the present
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investigation at GDH second locus. A comparable polymorphic and mono

morphic nature of GDH enzyme locus was also reported in oyster drill (Liu

~ al., 1991), which was used as one of the genetic parameters for stock

differentiation. It appears that this may be the first report of highly poly

morphic GDH loci in any fish species.

Hardy-Weinberg equilibrium tests conducted, showed significant deviation

in three out of the ten cases. Cochin and Mangalore populations showed

excess of heterozygotes at GDH-l locus, whereas Mandaparn population showed

excess of homozygotes at GDH-ll locus. Homozygote excess was reported

at GDH enzyme locus in oyster drill (Liu ~ al., 1991).

5.6 ISOCITRATE DEHYDROGENASE (IDH)

In all the populations of .§.. longiceps tested for IDH, first locus in

liver tissue showed monomorphism with a single invariant band, whereas

second locus showed polymorphism. Brown (1991) observed such kind of

monomorphism and polymorphism occurring in a single enzyme system at

different loci in his study on genetic variation and population structure of

blacklip abalone, Haliotis rubra. But instances of monomorphic IDH also

is not uncommon in fishes. For example, monomorphic IDH loci in Northern

pike (Seeb ~ al., 1987), two monomorphic loci in Pacific cod (Grant ~ al.,

1987). Other reports of IDH monomorphism are in walleye pollock (Grant

and Utter, 1980), paddle fish (Carlson ~ al., 1982), Catostomus (Buth and

Crabtree, 1982) and Arctic charr (Magnusson and Fergusson, 1987).

Significant allele frequency differences for the major allele F was

observed at IDH-ll locus between Cochin, Mangalore, Madras group, it being
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monomorphic and Calicut, Mandaparn group, it being polymorphic. The pre

sence of polymorphism at IDH-ll locus only in Calicut and monomorphism

at Cochin and Mangalore suggests a unique genetic difference of Calicut

population on the west coast. The middle regional position of Calicut poly

morphic population between Cochin and Mangalore monomorphic populat ions

also causes a genetic barrier between Cochin and Mangalore populations,

keeping latter populations isolated as already discussed elsewhere (ADH,

GDH). This assumption is further strengthened by similar, but significant

IDH allelic frequency difference between 2 local populations on the east

coast, where major allele at Mandapam was S allele, while it was cent percent

F allele in Madras, In otherwords, Mandaparn population showed high poly

morphism whereas Madras population showed just a monomorphic F allele.

These differences also indicate strong genetic differences between the two

east coast populations. Smith et al. (1979) detected five allelesf New Zealand

hake), where one allele, IDH-lll was in high frequency in all samples. They

observed lower allelic frequencies in more southernly samples than those

samples from around the mainland. Similar significant allele frequency differ

ences have been reported by Altukhov and Salmenkova (1981) in fish popu

lations of USSR. They have reported allele frequency differences for IDH

In chumsalmon and Atlantic salmon. Winans (1980) also observed variation

at IDH loci between southern and central Phillippine populations of milk

fish, Chanos chanos.

Hardy-Weinberg equilibrium tests indicated excess of homozygotes

at IDH-ll locus in Mandaparn population alone whereas balanced polymorphism
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was observed In Calicut population. Similar unbalanced !DH polymorphic

locus was also reported by Richardson (1982a) who observed excess of homo

zygotes in !DH enzyme in his study in jack mackerel. Brown (1991) also

observed consistent heterozygote deficiency within the subpopulation of black

lip abalone, Haliotis rubra. Therefore, the phenomenon of excess of homo

zygote at IDH locus appears to be a common phenomenon in marine fishes.

5.7 LACTATE DEHYDROGENASE (LDH)

Zymogram patterns of eyelens lactate dehydrogenase (LDH) in Sardinella

longiceps collected from Cochin, Calicut, Mangalore, Mandapam and Madras

(FIG.16,17, PLT.16,17) showed intraspecies polymorphisms. Though three

loci were detected, only two were polymorphic. Such intraspecies LDH poly

morphisms have been reported by many other authors (Utter and Hodgins,

1972; Altukhov, 1981; Andersson ~ al., 1983; Mork ~ al., 1985; Smith,

1986; Smith ~ al., 1990). The present observation of monomorphic and poly

morphic LDH loci in the same tissue is also not uncommon in fishes (Ryrnan

and Stahl, 1981; Campton and Utter, 1987). LDH-I locus was not polymorphic

in any of the five populations sampled, whereas LDH-Il locus showed signi

ficant allele frequency differences between Cochin (1.00)/Calicut (l.00)/Madras

(1.00) and Mangalore (O.88)/Mandapam (0.66). Thus non-polymorphic Cochin,

Calicut, Madras populations are genetically very different from polymorphic

Mangalore and Mandapam populations. For similar reasons, monomorphic

Calicut population is genetically different from polymorphic Mangalore popu

lation. For the same reason, Mandapam and Madras populations are genetically

different, the former being polymorphic and latter monomorphic.
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LDH-III locus also showed polymorphism in Cochin, Calicut, ~Iacras

and Mangalore, Mandapam populations. However, apparent allelic frequency

differences were shown only by Mangalore/Mandapam populations. Such differ-

ences in allele frequencies have been reported by various investigators for

LDH enzyme. For example, Utter and Hodgins (1972) distinguished a trout

population on the basis of LDH heterogeneity. Mork et al. (1985) found--
out large statistically significant heterogeneity of allele frequencies between

Atlantic cod popula tions. Significant allele frequency differences at an

LDH-2 locus has been reported by Jorstad and Pederson (1986) in oceanic

and fjord herring populations as reported by Smith ~ al. (1990).

Though LDH patterns from eyelens showed polymorphism and stock

difference in ~. longiceps tested in the present investigation. a cornoar ison

of various aspects of its nature in different populations is warranted. Ccm-

paratively high Chi-square value was observed in Mangalore population at

LDH-ll locus, due to significant deviation from Hardy-Weinberg ecuilior irm.

Here, the excess of homozygotes was observed. Interestingly, excess of

heterozygotes was observed in Mandapam population. Similarly. LDH-III

locus also showed significant deviations from the expected values. vlanga.ore

population showed excess of homozygotes whereas Mandapam population sho.... ed

excess of heterozygotes. Both Cochin and Madras showed only heterozyg ous

patterns and hence they showed equal frequencies. The only population wr.ich

showed balanced polymorphism was Calicut population for both alleles and

therefore the Chi-square value is 0.0015.

Excess of homozygotes or excess of heterozygotes were also reported

at LDH locus in other fishes. Heterozygote excess has been reuor t ec by
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Wright and Atherton (1970) in offspring generation of brook trout indicating

heterozygote superiority in offspring generations. They found only 2 homo

zygotes and that too with almost equal frequencies. Daly and Richardson

(1980) also observed lack of LOH heterozygotes in their study in anchovies.

Ryman and Stahl (1981) could find out an apparent absence of heterozygotes

at an LOH-locus in their study in salmonids.

The possible reason for the observation of excess of heterozygotes

in Sardinella longiceps tested in the present case may be taken as due to

heterozygote superiority at adult stage of oil sardine. However the obser

vation of balanced polymorphism in Calicut population, inspite of the sample

composed of 15-20 cm size range does not support the above assumption.

Though the LOH allele frequency values between Sardinella longiceps

popula tions compared in the present investigation indicated genetic stock

differences, further detailed comparison of these populations is desirable

to explain the cent percent heterozygote in Cochin and Madras populat ions.

5.8 MALATE DEHYDROGENASE (MDH)

MOH zymogram patterns showed polymorphism at its first locus and

monomorphism at its second locus. However, first locus showed monomorphism

at Cochin, Calicut and Mandapam populations, whereas polymorphism at vlan

galore and Madras. The predominant F allele frequency was 0.5~ at ~Iangalore

and 0.70 at Madras. The monomorphic popula tions showed cent percent

F allele. Therefore, the polymorphism at Mangalore, Madras and monomorphism

at Cochin, Calicut and Mandapam indicated that Mangalore and Madr-as
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populations are genetically very different from that of Cochin, Calicut and

Mandapam. For the same reason, polymorphic Mangalore population is geneti-

cally different from monomorphic Cochin and Calicut populations in the west

coast. Similarly, monomorphic Mandapam population is genetically different

from polymorphic Madras population in the east coast. In short, MOH I

locus is a strong genetic marker to reveal the genetic stock differences

among Calicut, Mangalore, Mandapam and Madras populations. The second

locus was monomorphic in all the populations tested with cent percent S

allele (TBL.2).

MOH has been reported as polymorphic in most of the fishes such

as sockeye salmon (Grant ~ al., 1980), trout (Thornpson, 1985), masu salmon

(Okazaki, 1986), Atlantic herring (Grant, 1986) and barramundi (Sal ini and

Shaklee, 1988). However, largest frequency differences among the stocks

of white fish at MOH locus have been reported by Casselman ~ al. (1981).

Similarly, the highly significant allele frequency differences at ~IDH locus

were found among five stocks of Coregonus clupeaformis by lhssen ~. al.

(1981). The significance was shown by the IVIDH-3, 4 locus with allelic fre-

quencies ranging from 0.175 to 0.660. Busak et al. (1980) found allele fre---

quency differences at MDH-2 locus among six trout populations. Out of

the six populations, three showed cent percent 100 allele and one population

showed 0.986 for the most common allele. However, two populations showed

only 0.086 and 0.033, whereas another allele 130 was in higher frequency

(0.914 and 0.967 respectively). Campton and Utter (1987) could find out

significant allele frequency difference at MOH-3, 4 loci among the populations
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of cutthroat trout. The range of allele frequency was from 0.58 to 0.94.

Thus the present findings of the polymorphic nature of MDH are comparable

in many respects with that of other fish species reported by the above authors.

The monomorphic and polymorphic nature of MDH is a common phenomenon

in many of the fish species thus investigated. Besides, the degree of poly

morphism ranging from cent percent allele at a particular locus to highly

polymorphic range at another allele was also similar to the type reported

in the present investigation. The range of allele frequencies between popu

lations were considerably different to indicate strong genetic stock differ

ences in many of these fish species investigated, indicating that MDH enzyme

system is an excellent genetic marker for population genetic studies.

Hardy-Weinberg equilibrium tests conducted showed good agreement

between observed and expected values indicating a balanced polymorphism

in both polymorphic stations (TBL.3).

5.9 XANTHINE DEHYDROGENASE (XDH)

Zymogram patterns of XDH in heart tissue in Sardinella longiceps

collected from Cochin, Calicut, Mangalore, Mandapam and Madras showed

polymorphism at XDH-l locus and monomorphism at XDH-Il locus (FlG.19

PLT.19). In the polymorphic locus F was the predominant allele, the frequency

of which ranged from 0.54 to 0.92 indicating significant differences between

the populations tested (TBL.2). The highest range occurred between Calicut

and Cochin, followed by between Cochin/Madras and Msndaparn/Xlangalore.

Besides, the allele frequencies of Madras, Mandapam and Mangalore were

closely comparable. The second locus was totally monomorphic in all the
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populations tested with cent percent S allele. Thus XDH first locus is a

good genetic marker to differentiate genetic stock differences existing among

all the three west coast populations, but not that of the east coast.

XDH has been reported as monomorphic in most of the fishes namely

trout (Thornpson, 1985), orange roughy (Smith, 1986), Atlantic halibut (Fevolden

and Haug, 1988), sharks (Lavery and Shaklee, 1989), California bass (Graves

~ al., 1990) and oyster drill (Liu ~~, 1991). However, a single polymorphic

XDH locus was reported in Atlantic mackerel (Smith and Jamieson, 1978).

They reported similar allele frequencies throughout their sampling ranges.

Fujio ~ al. (1983) reported polymorphism in five species of marine molluscs

out of the twenty tested. Similarly, Berglund and Lagercrantz (1983) observed

different allele fixation in two species of Palaemon prawn species. Thus

the present report of two loci with one polymorphic and another monomorphic,

the former having significant allele frequency differences between populat ions

appears to be first of its kind. In the present study, Mangalore and vlandapam,

two distant populations showed same allele frequencies suggesting its genetic

similarity. Similar cases have been reported by many investigators (Grant,

1984; Grant and Utter, 1984; Ryman ~ al., 1984). Similarly, vlilton and

Shaklee (1987) reported genetic sim ilari ty over long distances as a characteris

tic of many marine teleost species.

However, the presence of genetically different other stocks such as

Cochin and Calicut between Mangalore and Mandac an creats a genetic barrier

to their mixing during breeding season.
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Deviation of genotype distribution from that of expected was not signi

ficant at Cochin, but nearly significant at Mangalore, Mandapam and Madras.

It was very significant at Calicut. Significance was mainly due to excess

of heterozygotes as in other loci discussed in other sections.

All the results of the present investigation evaluated through the above

discussions may be summarised as follows: Zymogram patterns of nine enzyme

systems, namely, ADH, Ao, EST, G6PD, GDH, IDH, LDH, MDH and XDH

was found to be polymorphic in the species, Sardinella longiceps. However,

certain locus (or loci) of specific enzyme was polymorphic in one or more

populations while monomorphic in one or more populations as the case may

be, suggesting population specific differences in the nature of polymorphism.

For example, ADH-I and II loci were polymorphic in Calicut and Mandapam

while these were monomorphic in Cochin, Mangalore and Madras. Aa-Ill

was polymorphic in Cochin, while it was monomorphic in Calicut, Mangalore,

Mandapam and Madras. Esterase-l was polymorphic in Cochin. Calicut,

Mangalore, while monomorphic in Mandapam and Madras. On the otherhand,

G6PD-Ill was monomorphic in the west coast populations, while polymorphic

in the east coast populations. Thus EST-I and G6PD-1II clearly revealed the

genetic differences of ~' longiceps from west and east coast. Again two

loci of G6PD (I and II) were monomorphic in all the five populations while

third locus was polymorphic in Mand'lpam and Madras populations, thus a

single enzyme could reval the genetic stock differences between east and

west populations of ~' longiceps. Another important aspect of genetic stock

differences of five populations of S. longiceps was, significant differences
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in the allelic frequencies of polymorphic loci themselves. For example,

ADH-ll frequency of S allele was 0.95 in Cochin, while it was 0.75 in Mandapem.

Frequency of S allele of AO-Il was 0.31 in Cochin, while 0.73 in vlandapam

and 0.42 in Madras. Frequency of S allele of EST-Il was 0.50 in Cochin,

0.17 in Calicut, 0.84 in Mangalore and 0.60 in Mandapam and that of

EST-lll, 0.38 in Cochin, 0.56 in Calicut, 0.21 in Mandapam and 0.60 in Madras.

Thus allelic frequency difference at EST-lll locus alone could show genetic

stock differences of four out of five populations tested. Similar signific int

differences among all the five populations except one were also shown by

a single locus of GDH-I, the frequencies of S being 0.36 (Cocnin), 0.76

(Calieut), 0.46 (Mangalore) and 0.16 (Mandaparn). Other enzyme loci that

s'rcwed allelic frequency differences are EST-IV, IDH-Il, LDH-II. 1II, :\IDH-

I and XDH-I. The degree of deviations between observed and expected geno

type frequencies at polymorphic loci was significant only at 24 out of 125

cases tested.



Table: 2

Allele frequencies at 25 loci in five populations

of Sardinella longiceps

SI.
Populations

No. Locus Allele
CHN CCT MRE MDM MAS

1. ADH S 1.00 0.75 1.00 0.73 1.00

F 0.00 0.25 0.00 0.27 0.00

2. ADH II S 1.00 0.95 1.00 0.75 1.00

F 0.00 0.05 0.00 0.25 0.00

3. AO S 1.00 1.00 1.00 1.00 1.00

4. AO II S 0.31 0.50 0.50 0.73 0.42

F 0.69 0.50 0.50 0.27 0.58

o. AO 1Il S 0.19 0.00 0.00 1.00 1.00

F 0.81 1.00 1.00 0.00 0.00

6. EST I S 0.76 0.73 0.93 1.00 1.00

F 0.24 0.27 0.07 0.00 0.00

,. EST II S 0.50 0.17 0.84 0.60 0.75

F 0.50 0.83 0.16 0.40 0.25

8. EST III S 0.38 0.56 0.58 0.21 0.60

F 0.62 0.44 0.42 0.79 0.40

9. EST IV S 0.62 0.60 0.90 0.54 0.73

F 0.38 0.40 0.10 0.46 0.27

10. G6PD S 1.00 1.00 1.00 1.00 1.00

11. G6PD II S 1.00 1.00 1.00 1.00 1.00

12. G6PD III S 1.00 1.00 1.00 0.24 0.47

F 0.00 0.00 0.00 0.76 0.53

13. G6PD IV S 1.00 1.00 1.00 1.00 1.00

14. G6PD V S 1.00 1.00 1.00 1.00 1.00

15. GDH I S 0.36 0.76 0.46 0.16 0.10

F 0.64 0.24 0.54 0.84 0.90



Table: 2 eontd...

Populations
SI. Locus Allele
No. CHN CCT MRE MDM MAS

16. GDH 1I S 0.00 1.00 0.00 0.68 0.00

F 1.00 0.00 1.00 0.32 1.00

17. lDH S 1.00 1.00 1.00 1.00 1.00

18. lDH 1I S 0.00 0.09 0.00 0.63 0.00

F 1.00 0.91 1.00 0.37 1.00

19. LDH 1 S 1.00 1.00 1.00 1.00 1.00

20. LDH 1I S 0.00 0.00 0.16 0.34 0.00

F 1.00 1.00 0.84 0.66 1.00

21. LDH III S 0.50 0.54 0.36 0.32 0.50

F 0.50 0.46 0.64 0.68 0.50

22. MDH S 0.00 0.00 0.43 0.00 0.30

F 1.00 1.00 0.57 1.00 0.70

23. MDH 1I S 1.00 1.00 1.00 1.00 1.00

24. XDH 1 S 0.08 0.46 0.29 0.29 0.32

F 0.92 0.54 0.71 0.71 0.68

25. XDH 1I S 1.00 1.00 1.00 1.00 1.00



6. GENERAL DISCUSSION
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6.1 HARDY-WEINBERG EQUILillRIUM

Hardy-Weinberg law is the corner stone of the modern population

genetic studies. It describes the constant equilibrium condition of gene fre

quencies in a sexually reproducing population, enabling one, prediction of

distribution of genotype proportions (Dobzhansky, 1967). Thus the expected

genotypic frequencies in the test samples can be estimated on the basis

of observed genotype frequencies under the assumption of random mating

of the population from which the sample was drawn. In other words, the

test helps in assessing the genetic nature of the observed phenotypes and

the degree of deviations from that of expected proportions (Ayala and Kiger,

1980; Utter ~ al., 1987). The Hardy-Weinberg law implies equilibrium con

dition between observed and expected gene frequencies in an ideal population

which is free from factors like mutation, selection, migration, genetic drift

etc. However. in practice, significant deviations from equilibrium condition

due to excess of homozygotes or/and heterozygotes are not rare in genetic

studies of fishes and shell fishes (Peterson and Shehadeh, 1971; tetter and

Hodgins, 1972; Daly and Richardson, 1980; Imhof ~ al., 1980; Dehring

~ al., 1981; Buth and Crabtree, 1982; Richardson, 1982a; StahI, 1987; Verspoor,

1988; Lavery and Shaklee, 1989; Hernandez-Xlar t ich and Smith 1990; Vijaya

kumar, 1992).

In the present investigation, a comparison of the observed and expected

genotype distributions in ~. longiceps showed significant deviations in only

twenty four cases out of the one hundred and twenty five tested (TBL.3).
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The significant deviations were mainly due to excess of heterozygotes in

seventeen cases while seven cases due to excess of homozygotes (TBL.6).

Reports on the phenomenon of excess of heterozygotes in fishes are available.

For example, Peterson and Shehadeh (1971) reported excess of heterozygotes

in Mugil cephalus popula tions. Daly and Richardson (1980) also observed

excess of heterozygotes in Anchovies. Excess of heterozygotes was also

reported in lake white fish, Coregonus clupeaformis (Irnhof ~ al., 1980).

Similarly, Lavery and Shaklee (1989) observed four cases of excess of hetero

zygotes in shark, where the P values ranged from P< 0.05 to P >0.01. A

recent report on excess of heterozygotes is that of Vijayakumar (1992) in

Mugil cephalus populat ions.

The examples of homozygote excess have also been reported by many

investigators. Excess of homozygotes were observed in milk fish (wmans,

1980), mackerel (Smith ~ al., 1981a; Richardson, 1982a, Menezes ~ al.,

1990), Catostomus (Buth and Crabtree, 1982), orange roughy (Smith, 1986),

Hypoblennius (Present, 1987), cod (Grant et al., 1987), cat fishes (Suzuki

and Phan, 1990), Mugil cephalus (Vijayakumar, 1992), marine molluscs (Tracey

~ al., 1975; Singh and Green, 1984; Zouros and Foltz, 1984) and marine

prawns (Richardson, 1982c, Philip Samuel, 1987).

Interestingly, in the present study, only seven out of twenty four

cases showed excess of homozygotes. Besides, homozygote excess was not

observed in Cochin and Calicut populations whereas Mandapam and Madras

populations showed two cases each and three at Mangalore (TBL.6). The

P values were between P"':::: 0.0 1 to P ::>0.00 1 with degree of freedom one



Table: 6

Excess of Homozygotes/Heterozygotes at significant

level in Sardinella longiceps populations

SI. Cochin Calicut Mangalore Mandaparn Madras
No. Locus

HOM HET HOI\I HET HOM HET HOM HET HOM HET

1. ADH

2. ADH 1I

3. AO

4. AO 1I + + +

5. AO III

6 EST I

7. EST II +

8. EST III +

9. EST IV +

10. G6PD

11. G6PD II

12. G6PD III T

13. G6PD IV

14. G6PD V

15 GDH + +

16. GDH 1I +

17. lDH I

18. lDH II +

19. LDH I

20. LDH II + +

21. LDH III + + + +

22. MDH

23. lVIDH II

24. XDH I + + + +

25. XDH 1I

Total 0 5 0 2 3 3 2 4 .) 3

+ = Excess of Homozygotes/Heterozygotes
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at about seven loci distributed among five enzyme systems namely aldehyde

oxidase, esterase, glutamate dehydrogenase, isocitrate dehydrogenase and

lactate dehydrogenase.

Though the possible reasons given for the occurrence of excess of

heterozygotes in the above examples are, as usual, presumptive rather than

experimental proofs, some of them are discussed below. Stoneking et al.

(1981) reported that excess of heterozygotes can occur due to duolicat.ion

of locus as explained by Dehring ~ al. (1981), whereas Stahl (198~) stated

that it may be due to small number of parents during breeding p-ocess or

due to possible statistical type I errors. Meanwhile, excess of heterozygotes

may occur due to the effect of larger year class spawned when :here is

more interbreeding between populations (Irnhof ~ al., 1980). Similar.'. effect

of hatchery procedures can also cause excess of heterozygotes (St ar.i, 1987;

Verspoor, 1988).

Ponniah (1989) reviewed reports on excess of heterozygotes .:1 fishes

and their apparent correlations with different environmental pE.~s.meters.

The review reveals the complexity of probable mechanisms causir.z excess

of heterozygotes at different loci such as esterase, lactate dehyc:Jgenase,

transfer in, phosphoglucomutase and glycerophosphate dehydrogenase in :ifferent

fish species. The phenomenon of excess of heterozygosity in tr-2 abyssal

population of fish, Sebastodes alutus at phosphoglucomutase and glycer-aldehyde-

phosphate dehydrogenase loci and lack of such a phenomenon in snal.cw water

populations have been observed by Johnson et al. (1970) as explaine-; in the
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review (Ponniah, 1989). Similarly, Gooch and Schopf (1971) found relation

between heterozygote excess and depth and pollution. In their study in ecto

proct, they stated that excess of heterozygotes in shallowest water may

indicate that heterozygotes have superior tolerance to the relatively more

variable zone just below the surface. Vijayakumar (1992) observed excess

of heterozygotes in nineteen out of the twenty four cases of deviations and

suggested that some form of heterozygous advantage exists in ~Iugi: cephalus

popula tions causing the unequilibrium condition in genotype distr-ibution.

The present observation of significant cases of deviation frc:n Hardy

Weinberg equilibrium condition in the genotype distribution in populations

of Sardinella longiceps cannot be due to any of the above discussed non

genetic conditions such as differences of depth, pollution, sex o- size oi

specimens. Because the population samples tested in the present sudy have

all come from a particular depth range and uniform environmental conditions.

This argument is further strengthened by the fact that genetic stccx differ

ences were detected even between nearby regions, similar in env.ronmentai

conditions and depth etc. That is. populations of Cochin, Calicut ar.d Manga

lore were found to be genetically different, though all these three populations

belong to west coast of India. Similarly, the two populations d~~wn from

Mandapam and Madras were also found to be genetically heterogenec.:s, inspire

of comparable ecological conditions of the east coast. Again, the ccservation

of excess or deficiency of different genotypes cannot be due to c.ff'erences

of sex or size of the sample specimens used for the present study, because

the range of size was minimal, it being 15-20 erns containing bcth sexes.

Above all, a specific observed condition in a particular species like ~. longiceps
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cannot be proved or disproved, justified or unjustified on the basis of findings

observed in other species and merely explained on presumptive basis, as

done in most of the explanations given in the above discussed reports.

The possible reasons for the observation of excess of heterozygotes

in the present study may be that a hybrid vigour is produced even in natural

conditions of heterozygote formation, as also observed in M. cephalus (Vijaya

kumar, 1992). Moreover, for a highly mobile pelagic fish like S. longiceps,

the excess of heterozygotes may be a natural phenomenon.

A number of reasons have been attributed to the phenomenon of excess

of homozygotes by various investigators (Hedgecock, 1977; Smith and Jamieson,

1978, 1980 and Grant et al., 1987). Smith ~ al. (1981a) reported that

excess of homozygotes or heterozygote deficiency may be due to population

mixing, known as Wahlund effect or it can be a reflection of narrow sampling

range between two major populations. In their study in mackerel, breakdown

of data by sex, year class, size, hauls etc. does not significantly reduce

the excess of homozygotes. They have also reported that inbreeding could

produce an excess of homozygote but is unlikely in a highly mobile and abun

dant species with external fertilization and a pelagic larval stage. Milkman

and Beaty (1970) reported a substantial deficiency of heterozygotes in Mytilus

edulis and they hypothesized that the deficiency might be due to the presence

of a null allele or silent allele. Alleles of this type exhibit no activity or

bands during staining procedures and therefore heterozygotes with non active

alleles may be misscored as homozygotes. Koehn and Mitton (1972) also

reported heterozygote deficiency and attributed the deficiency to selection.
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Similarly, Koehn ~ al. (1973) revealed homozygote excess which was greater

among small individuals and attributed these differences to microhabitat

adaptation. Statistically significant deficiency of heterozygotes is usually

interpretted as a mixture of two or more genetically differentiated popu

lations (Skaala and Jorstad, 1987). However, genetic imbalances may be

due to various aspects such as stock mixing, natural selection or drift In

natural populations and therefore it needs a further study (Smith. 1990).

Though different possible reasons for excess of homozygotes in different

reports are available and have been discussed above; they cannot be taken

for granted as reasons for excess of homozygotes in S. longiceps in the present

study. It is clear that out of one hundred and twenty five tests conducted

for Hardy-Weinberg equilibrium only seven tests were found to be out of

equilibrium due to excess of homozygotes. Interestingly, the rest seventeen

cases show excess of heterozygotes. As cases of heterozygote excess are

overwhelming in §.. longiceps, the presence of few cases of excess homozygotes

in the same species could be due to some other unknown factors controlled

by ecological or other such factors as also reported in the case of M. cephalus

(Vijayakumar, 1992).

The present observation of deviations from Hardy-Weinberg equilibrium

condition cannot be due to any art i facts produced at any stages of electro

phoretic analysis. Because, standardised procedures were followed throughout

the experiment. These deviations cannot be also due to non-genetic or onto

genetic expressions of the enzyme systems considered in the present invest i-



80

gation. Because, genetic basis of these enzymes has been well known. Besides,

the expected genotype distribution patterns of the observed variant pheno

types were clearly shown in majority of the cases examined. Hence, these

deviations must be part of natural phenomenon existing in the species like

~. longiceps. Thus, these deviations certainly cannot affect the interpre

tations made and conclusions drawn from the electrophoretic data of the

present investigation.

6.2 HETEROZYGOSITY

The degree of genetic variability can be better expressed by the rate

of heterozygosity (Wishard ~ al., 1980; Ayala and Kiger, 1980). The average

heterozygosity value of 0.21 (TBL.5) in the present study on oil sardine,

Sardinella longiceps is comparable to the heterozygosity values quoted for

several other marine species. However, the average heterozygosity value

in the present study is comparatively higher than reported in many species

of fishes. From different reports on average heterozygosity, it is evident

that the values vary much from 0.001 (Seeb ~ al., 1987) to 0.36 (Vijayakumar,

1992). The low values of heterozygosities reported in different fish species

are 0.075 in milk fish (Winans, 1980), 0.088-0.104 in sprat (Smith and Robert

son, 1981), 0.08-0.73 in cutthroat trout (Carnpton and Utter, 1987), 0.02

0.04 in cod (Grant ~ aI., 1987), 0.092 in rainbow trout (Berg and Gall, 1988)

and 0.029 in barramundi (Salini and Shaklee, 1988).

There are also reports of higher heterozygosity values like 0.180 in

Killifish (Mitten and Koehn, 1975), 0.17 in flatfish (Ward and Galleguillose,



Table: 5

Average Heterozygosity for the nine different enzymes of the

five popula tions of Sardinella longiceps

SI.
Average Heterozygosity Average

No. Enzyme
per population Heterozygo-

sity per
CHN CCT I\!IRE }!DI\!I YlAS enzyme

1. AOH 0.00 0.30 0.00 0.52 0.00 0.17

2. AO 0.33 0.33 0.33 0.18 0.07 0.25

3. EST 0.59 0.45 0.21 0.37 0.25 0.37

4. G6PO 0.00 0.00 0.00 0.09 0.19 0.06

5. GOH 0.33 0.24 0.46 0.16 0.10 0.26

6. IDH 0.00 0.07 0.00 0.10 0.50 0.14

7. LOH 0.33 0.17 0.02 0.44 0.33 0.26

8. MOH 0.00 0.00 0.17 0.00 0.25 0.09

9. XOH 0.08 0.46 0.29 0.29 0.32 0.29
--------------------------------------------------

Total 1.66 2.02 1.48 2.15 2.01

Average I
Heterozygosity I 0.18 0.22 0.16 0.24 0.22
in the five I
populations I

I

Heterozygosity in Sardinella longiceps 0.21
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1977),0.118 in plaice (Ward and Beardmore, 1977),0.181 in eel (Rodino and

Comparini, 1978), 0.129 in marine molluscs (Fujio ~ aI., 1983), 0.121 in

Penaeus japonicus (De Matthaeis ~ al., 1983) and 0.102 and 0.107 in salmon

(Utter ~ al., 1989). A heterozygosity value of 0.33 was reported in the

European hake (Mangaly and Jamieson, 1978). Recently a still higher hetero

zygosity value of 0.36 was reported in Indian striped mullet, Mugil cephalus

(Vijayakumar, 1992). However, Powell (1975) reported Teleost heterozygosity

range as 0.005 to 0.180 for over thirty one species from diverse environments.

Moreover, Nevo (1978) reported mean heterozygosity as 0.0494 and also indi

cated that higher heterozygosity values may be expected in tropical verte

brates. Therefore, the present value of 0.21 may appear as slightly higher

when compared to that of Pow ell (1975) whereas its comparison with that

of Nevo (1978) may appear as much higher. Besides, when a comparison

is made with that of M. cephalus (Vijayakumar, 1992) or European hake

(Mangaly and Jamieson, 1978) it seems that the value of the present investi

gation is within the limits and not unusual. The range of heterozygosity

values reported in the above discussion being 0.005 (Powell, 19~5) to 0.36

(Vijayakurnar, 1992), it is illogical and unscientific to attempt to judge the

correctness of heterozygosity value of 0.21 reported in the present investi

gation. The value may be just specific and natural to the species 2. longiceps.

Neverthless, study of more loci in future investigation may bring down the

present 0.21 heterozygosity value to a lower level.

It is seen that in biochemical population genetics, differences In

heterozygosity values reported by different investigators often reveal the
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sensitivity of this measure to the number and type of loci examined (German

and Renzi, 1979) as reported by Crozier (1987). A typical example of such

variation in heterozygosity estimate according to the loci analysed is seen

in deep water Macrurid, Corphaeinoides acrolepis (Sornero and Soule, 1974).

They examined six loci in this species and a comparatively high heterozygosity

of 0.11 was reported. However, another study of twenty five loci in the

same species showed a low value of 0.03 (Siebenaller, 1977). While discussing

probable reasons for range in heterozygosity values, Smith and Jamieson

(1980) indicated possible role of various parameters like, size and mobility

of animal (Selander and Kaufman, 1973), size and age of the population (Soule,

1976), time of divergence (Somero and Soule, 1974), trophic stability (Valentine

and Ayala, 1974) and environmental heterogeneity (Nevo, 1978). The probable

reasons reported by Smith and Jamieson (1980) for varying heterozygosity

values were again based on different nature or aspects of the enzyme con

cerned such as non-enzymatic and enzymatic proteins or glucose and non

glucose metabolising enzymes with different number of loci or even internal

and external or single and multiple substrates etc. In addition to this, many

investigators have found enzyme structure as more important determinant

of heterozygosity levels, rather than their function. For example, monomeric

enzymes are more variable than dimeric enzymes which in turn are more

variable than tetrameric enzymes (Zouros, 1976; Ward, 1977; Ward and Galle

guillose, 1977). Interestingly, Smith and Jamieson (1980) also have discussed

about values on hypothetical conditions stated above for high and low genetic

heterozygosity which were again found contradicting between species. Various
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reasons have been attributed for observing high heterozygosity in P. japonicus

such as large effective population size, genetic admixture, adaptive strategy

at species or population levels (De Matthaeis ~ al., 1983).

The reason for observing the kind of average heterozygosity values

in S. longiceps ranging from 0.16 (Mangalore) to 0.24 (Mandaparn) cannot

be due to the influence of size, sex, maturity stages, environmental parameters

such as depth, geographic locations etc., because the samples eollecred

contained specimens of both sexes and of uniform size range and of compare.ble

environmental conditions. Therefore, the present observed va.ues should

be due to species specific and population specific conditions. Accorcing

to Ayala and Kiger (1980) an electrophoretic survey of about 20 loe: is usually

sufficient to reveal the actual heterozygosity in the species. Therefce,

the present observation of heterozygosity value of 0.21 in twenr: five .oci

in .§.. longiceps is not unusual and may be natural for such a hig~ly moc.Ie,

tropical pelagic clupeid fish. Besides, high heterozygosi ties car occur or

can be a special feature of any pelagic clupeid or in general any snall mccilc

fish (Selander and Kaufman, 1973; Valentine, 1976). Also. in gene-at, vary.ng

heterozygosity values have been reported for species of different evolutionary

origin and habitat specialism (Smith and Fujio, 1982) as reported -:;y Croz:er

(1987). Besides, most of the enzymes and their loci are poivrr.orphic in

.§.. longiceps whereas polymorphism is of lesser order in other species repor t ed

by others and naturally heterozygosity is bound to be higher in t~js species.

Above all, statistically similar values, particularly in terms of genetic var ia

abili ty cannot be expected in all fish species, because it may vary according
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to the species concerned, loci tested, evolutionary pattern it followed and

a number of still other unknown factors.

The above detailed general discussion proves one fact beyond doubt

that a particular species can possess its own heterozygosity nature irrespect ive

of geographic regions and number of protein loci examined. It's beyond

the scope of the objectives of the present investigation to seek and explain

the reasons for the type of heterozygosity observed in S. longicEQs tested

in the present investigation. The important question is, how the hete-ozygosity

values can probably contribute in achieving the objectives of tre present

investigation. In this respect, it may be helpful to compare .nterpcoulational

heterozygosity in the species investigated as an additional indication )f genetic

composition of the species. The Table 5 shows average heterozygcs.ty values

for twenty five loci examined among five populations of S. Iong.ceps. it

ranged from 0.16-0.24. The difference between these two ranges is 0.08

a value much higher than 0.048 reported for eighty two fish speciES (Winans,

1980) and it further suggests the heterogeneity of the poculatio-is tested.

The highest difference of average interpopulational heterogeneity indicated

by heterozygosity occurred between Mangalore (0.16) and ,,:andap~m (0.24).

Comparable heterozygosity differences, but of lesser order, cccurre-; between

any other two populations such as Cochin, Calicut and Madras (TBLA) COlTO

borating basic differences in the genetic compositions of these ~opulations

as already indicated by differences of allelic frequencies and values of genetic

identity and distance discussed elsewhere.



Table: 4

Heterozygosity at 25 loci in five populations

of Sardinella longiceps

SI.
Heterozygosity

No.
Locus

CHN CCT MRE MDI\! ~IAS

1. ADH I 0.00 0.50 0.00 0.55 0.00

2. ADH 11 0.00 0.10 0.00 0.50 0.00

3. AO I 0.00 0.00 0.00 0.00 0.00

4. AO 11 0.63 1.00 1.00 0.55 0.21

5. AO III 0.38 0.00 0.00 0.00 0.00

6. EST I 0.49 0.55 0.14 0.00 0.00

7. EST 11 0.83 0.33 0.28 0.50 0.10

8. EST III 0.75 0.49 0.25 0.25 0.49

9. EST IV 0.31 0.49 0.21 0.74 0.49

10. G6PD 0.00 0.00 0.00 0.00 0.00

11. G6PD II 0.00 0.00 0.00 0.00 0.00

12. G6PD III 0.00 0.00 0.00 0.47 0.96

13. G6PD IV 0.00 0.00 0.00 0.00 0.00

14. G6PD V 0.00 0.00 0.00 0.00 0.00

15. GDH 0.67 0.48 0.92 0.32 0.20

16. GDH 11 0.00 0.00 0.00 0.00 0.00

17. IDHI 0.00 0.00 0.00 0.00 0.00

18. IDH 11 0.00 0.15 0.00 0.20 1.00

19. LDH 0.00 0.00 0.00 0.00 0.00

20. LDH II 0.00 0.00 0.05 0.68 0.00

21. LDH III 1.00 0.50 0.00 0.63 1.00

22. MDH 0.00 0.00 0.35 0.00 0.50

23. MDH 11 0.00 0.00 0.00 0.00 0.00

24. XDH I 0.16 0.91 0.58 0.58 0.63

25. XDH 11 0.00 0.00 0.00 0.00 0.00
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6.3 AVERAGE NUMBER OF ALLELES AND PROPORTION OF POLYMORPHIC

LOCI

In population genetic analysis informations on average number of alleles

per loci and average number of polymorphic loci are also used in evaluating

the genetic variability between the populations and finally within the species

itself. The Table 7 and 8 show detailed informations on the number of

loci tested and the number of alleles observed in populations of ~. longiceps

from Cochin, Calicut, Mangalore, Mandaparn and Madras. The average number

of alleles among these five populations varied from 1.28 in Cochin population

to 1.49 in Mandaparn population showing considerable differences existing

in the nature of allelic distribution among these populat ions. The average

number of alleles was also considerably different between popular ions fr orn

east and west coast. It varied from 1.28 to 1.40 between Cochin and Calicut

populations on the west coast and from 1.29 to 1.49 between :lladras and

Mandapam popuiat ions from the east coast. Interestingly, the average number

of alleles between Calicut and Mangalore was almost similar; it being 1... 0

in Calicut and 1.39 in Mangalore. The average number of alleles in the

species was thus found to be 1.37 which appears to be considerably high

compared to many other fish species. However, screening of other tissues

not tested in the present investigation can affect these values naturally.

The present estimate of average number of alleles revealed good amount

of genetic polymorphism in the species.

The average number of polymorphic loci estimated for different popu

lations of S. longiceps is shown in the Table 7. It varied from 0.33 in Cochin
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to 0.55 in Mandaparn populations, again indicating considerable differences

in the average number of polymorphic loci among populations of E.. longiceps.

it varied from 0.33 to 0.46 between populations from west coast and 0.34

to 0.55 between populations from the east coast indicating considerable differ

ences between east and west populations. The present estimate of average

number of polymorphic loci, 0.41 in S. longiceps also appear to be higher

than that of many species reported in the literature. The proportion of

polymorphic loci for fish in general has been reported as 0.31 by Selander

(1976) as discussed by Shaklee (1984). Similarly Ayala and Kiger (1980) have

reported a proportion of polymorphic loci of 0.306 for fourteen fish species.

Many investigators have reported high range of proportion of oolyrnor

phic loci and average number of alleles. For example, in mosquito fish popu

lations, Hernandez-Martich and Smith (1990) have reported a percentage poly

morphic loci of 47.6 and an average number of alleles as 1.56 in twenty

one loci tested. Similarly Grant (1984) has also reported 48 per cent of

polymorphic loci out of the fourty loci tested in his study in Atlantic herring,

Clupea harengus populations. Okazaki (1986) has reported a fifty percent

polymorphic loci out of thirty four loci tested. It may appear as a signi

ficantly higher value of genetic variability. Interestingly, a still hig~er value

of proportion of polymorphic loci and average number of alleles was recently

reported in Mugil cephalus (Vijayakurnar, 1992). In~. cephalus populations,

average number of polymorphic loci and average number of alleles varied

from 0.61 to 0.71 and 1.72 to 1.82 respectively which again averaged 0.67

and 1.77. Highest percentage of polymorphic loci (0.72) was observed in
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Cochin population whereas highest value of average number of alleles was

observed (1.82) in Madras population. Similarly, lowest value (0.61) of pro

portion of polymorphic loci was observed in Madras population whereas lowest

value of average number of alleles was observed in (1.72) Cochin pooulation,

Though a comparison of the present value of 0.41 proportion of polyrnorphio

loci with that of Selander (1976) or that of Ayala and Kiger (1~80) may

appear as slightly higher, a comparison with other reports on high propor-tion

of polymorphic loci can reveal that the present value is not unusual, The

highest value of average number of alleles per polymorphic loci. 3.3 was

reported in damsel fish, Stegastes fasciolatus (Shaklee, 1984).

Higher values of proportion of polymorphic loci and average number

of alleles were also reported in shell fishes and molluscs. A typica. exam pie

of such kind is that of De Matthaeis et al. (1983). They have repcr ted 39%

of polymorphic loci and 1.48 average number of alleles in the species. Penaeus

japonicus. Similarly Fujio .£!. al. (1983) have reported a high value of 0.41

as the average number of alleles in marine mollusc populations.

From the above discussions on varymg values of proportion of poly

morphic loci and average number of alleles, it is clear and certain that

no comparable standard values can be fixed for a particular species or its

populations in a particular region. Therefore, the values observe': for pro

portion of polymorphic loci and average number of alleles in oi. sardine,

~. longiceps in the present investigation may be natural for the species.

Also, the reason for low and high range of genetic variability between species
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population and between localities cannot be justifiably correlated to any

comparable phenomenon, because the genetic variability may depend on

so many factors like environmental, geographic, migratory behaviours and

certain other unknown factors. Thus the utility or the advantage of measuring

these above discussed values such as Chi-square for genotype distribution,

proportion of polymorphic loci, average number of alleles and heterozygosity

etc. is that it contributes to the general efficiency and credibility of the

methodology adopted, the data analysed and the very evaluation and con

clusion made on the population genetics of ~. longiceps studied here.

6.4 BANDING PATTERNS OF ENZYMES

In modern population biochemical genetic studies a knowledge on

the subunit structure of enzyme/proteins also helps in the interpretation

of electrophoretic phenotypes as genotypes. Because, depending on the

structure of enzymes, the number of bands In the homozygotes and hetero

zygotes may vary. Thus in heterozygous condition, a monomer expresses

two bands, dimer expresses three bands and tetramer expresses five bands

(Shaw and Prasad, 1970).

ADH is reported to be a dimeric enzyme in structure (Harris and

Hopkinson, 1978; Ward, 1978; Grant ~ al., 1987; Berg and Gall, 1988) showing

three banded heterozygote and single banded homozygote. However,

ADH-I locus in ~. longiceps showed only two banded heterozygote structure,

whereas three banded heterozygote structure was shown at ADH-ll locus.

Such deviations from the expected pattern of dimeric structure was also
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reported in Tilapia zilli (Cruz ~ aI., 1982). In TiIapia the missing band

appeared to be the middle interlocus hybrid band.

AO in ~. longiceps showed two banded heterozygote and a single banded

homozygote. Similar observation was also reported in Penaeus indicus (Philip

Samuel, 1987) and Mugil cephalus (Vijayakumar, 1992).

Esterase phenotype patterns observed in homozygous and heterozygous

condition showed a monomeric structure. Homozygotes showed single banded

pattern and heterozygotes showed double banded condition. Though double

banded heterozygotes showed a monomeric structure in all the oopulations

except Cochin population, where three banded heterozygotes were observed

at third locus suggesting a dimeric structure. Monomeric esterase have been

reported by many authors (Underhill, 1974; Johnson, 1975; Cruz e: al.. 1982;

Sumantadinata and Taniguchi, 1982; Shaklee and Sarnollow, 198~: Crozier,

1987; Milton and Shaklee, 1987). However, dimeric enzyme structure

has been reported in Mugil cephalus (Vijayakurnar, 1992). He or-served two

bands for homozygotes and three bands for heterozygotes. Similar :wo banded

homozygote and three banded as well as four banded heterozvgotes were

reported at EST locus 3 in the blue gill (Avise and Smith, 1974). Similarly,

Ward (1978) reported a dimeric enzyme structure in mammals. Besides,

in certain species esterase enzyme appeared to be monomeric in one tissue

and dimeric in another (Salini and Shaklee, 1988). Thus the subuni; structure

of esterase appears to vary even within the species and between species

as reported by Vijayakumar (1992). It is rather too difficult to explain the
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present observation of dimeric structure for EST-III locus only in Cochin

population. To know whether it was produced by some unknown artefact,

repeated sampling and testing are necessary. Since the characterization

of chemical structure of enzymes does not come under the purview of the

present investigation, attempt has not been made to characterise the chemical

structure.

In §.. longiceps G6PD and GDH enzymes showed monomeric structure.

However, G6PD was reported to be a dimer in mammals and a tetramer

in fish and amphibians (Yamauchi and Goldberg, 1973; Hori et al.; 1975).

Cruz et al. (1982) observed two banded heterozygotes and therefore considered

GDH as a monomer as in other vertebrates (Harr is and Hopkinson, 1978).

lDH is a dimeric molecule in most animals including fishes (Johnson,

1975; Cruz ~ al., 1982; Berg and Gall, 1988). In the present investigation

also lDH was considered as a dim er. However, only two banded phenotypes

wese observed since the heterodimer band of intermediate mobility was too

weak to be resolved with the available technique.

As regard to LDH zymogram patterns, most of the specimens from

Cochin and Madras showed five banded heterozygote patterns and the rest

having less than five but more than three bands. This five banded structure

is expected for a functionally tetrameric enzyme. Eventhough five banded

tetrameric structure of LDH has been reported by various investigators (Johnson

1975; Cruz et al., 1982; Bartley ~ al., 1985; Grant ~ al., 1987; Berg and
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Gall, 1988), there are reports on lesser number of LDH heterozygote bands.

For example, Kornfield and Koehn (1975) observed usually only three and

infrequently four bands in heterozygote condition in Cichlids, The reason

attributed to this was restricted subunit assembly (Whitt and Horowitz, 1970).

Smaller number of bands was commonly observed in fishes as reported by

Kornfield and Koehn (1975). Markert and Faulhaber (1965) observed that

five LDH isozymes were not always present in muscle extracts as reported

by Clayton and Franzin (1970). The major reason for not observing the expec

ted five banded pattern in the present case may be due to the condition

of the tissue causing light band becoming less resolved and thus too light

to be visible.

MDH and XDH in the present investigation showed two banded hetero

zygotes and single banded homozygotes. However, both enzymes have been

reported as a dimer by some of the investigators. (Clayton ~ al., 1971;

Johnson, 1975; Smith ~ al., 1978; Grant and Utter, 1980; Smith and Jamieson,

1980; Cruz ~ al., 1982; Fujio ~ al., 1983; Bartley et ,aI., 1985; Berg

and Gall, 1988). It may be that one of the three bands was too weak to

resolve in the present experimental conditions followed as in the case of

LDH. The above discussion shows clearly that lesser number of bands observed

in some enzyme systems has not affected the interpretation of the results

of the present investigation.

The major findings of the present investigation are high genetic

variabili ty within the species, S. longiceps and significant allele frequency
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differences between its populations. It is important to ask whether the above

two findings were influenced by differences in the sample size of populations

used for comparison. The sample size in Cochin was comparatively larger

than all other regions in most of the enzyme loci considered (TBL.3). From

the statistical point of view, the chances of observing polymorphism if present,

is comparatively higher in larger sample size. In this respect, it is inter

esting to point out that many loci at Cochin, where sample size was larger

than that of other centres were not polymorphic whereas, high polymorphism

was observed in other centres with only smaller sample size. For example

enzyme loci ADH-I, I!; G6PD-III; GDH-I!; IOH-I!; LDH-I! and MDH-I (TBL.2).

The above explained observation is also true with many other loci where

higher rate of polymorphism occured in places where smaller sample size

was tested. For example AO-I!, III; EST-I-IV; GDH-I; LDH-III and XDH

I. Hence the observed results were least affected by the sample size. In

fact the observed pattern of results as discussed above suggests a positive

evidence for natural differences existing between these populations irrespective

of their sample size.

6.5 GENETIC IDENTITY AND DISTANCE

Though a comparative analysis of allele frequencies at twenty five

loci has already revealed genetic stock differences in .§.. longiceps, it may

be interesting to measure the degree of such differences from the point

of view of evolutionary period of such genetic differentiation taken place

in these various populations. In this respect, a popular method applied for
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such estimates is genetic identity and genetic distance between populations

as suggested by Nei (1972). Genetic identity estimates the proportion of

genes that are identical in structure in two populations, the value of which

can vary from 0-1. The zero value for genetic identity indicates that no

common alleles are shared between the populations sampled whereas latter

value is indicative of homogeneous populations. The genetic distance estimates

the number of allelic substitutions per locus that have occurred in the separate

evolution of two populations (Ayala and Kiger, 1980). Here the genetic dist

ance value can range from Zero to >1. Thus the values of genetic distance

may be described as an indirect index of evolutionary distance moved a way

by the concerned populations (Vijayakumar, 1992).

The average values of genetic identity and genetic distance estimated

for S. longiceps in the present investigation were 0.9065 (I) and 0.0990 (DJ

respectively. The estimate involved 250 pairwise comparison of five popu

lations (Cochin, Calicut, Mangalore, Mandapam and Madras) with respect

to twenty five enzyme loci examined (TBL.10). The average (I) and (DJ

values for interbreeding local fish populations may be 0.98 and 0.020 respecti

vely (Ayala and Kiger, 1980). Therefore, the value of the interpopulation

genetic identity and distance estimated here for ~. longiceps are significantly

different, the genetic identity being less (0.90) and genetic distance being

higher (0.09) than the above mentioned expected values for interbreeding

local populations. A comparative genetic identity and distance existing among

five populations of S. longiceps tested in the present investigation may be
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evaluated from the range of values obtained, 0.846-0.967 (l) and 0.033 0.166

(D) (TBL.l0). In terms of these values, the populations drawn from IIlangalore

and Mandapam with 0.846 genetic identity and 0.166 genetic distance appeared

to be the most distant or heterogeneous groups followed by Calicut-Mandaparn

and Cochin-Mandapam. These higher order of genetic distances are interest

ingly correlated to their comparable geographical distances. The highest

genetic distance (D) being indicated between Mangalore population in the

west coast and Mandapam population in the east coast of India. This apparent

order of higher correlation between distant populations continued between

Calicut-Mandaparn and Cochin-Mandapam but at lesser level between Calicut

Mangalore, Cochin-Calicut and Cochin-Mangalore (TBL.10). The average

genetic identi ty and distance values of three west coast popula tions cou.d

be calculated as 0.95 (l) and 0.065 (D) and between west coast and east

coast could be calculated as 0.90 (l) and 0.1165 (D) from the Table 1J.

These values suggest that all the west coast populations have more gene t ;c

similarity or less genetic distance than that of east coast. On the otr.er

hand, these two values between Mandapam and Madras populations, 0.9' 8

(I) and 0.0856 (D), reveal that these two local populations on the east

coast are genetically more dissimilar or distant than west coast

populations themselves. Thus the geographical locations might have influenced

in the degree of diversification of these west and east coast populat ions.

However, more explanations are needed for the high degree of genetic diffe::

entiation between Mandapam and Madras populations. Besides, the parental

stocks of west and east coast oil sardine fishery may be different. Because,
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the history of east coast oil sardine fishery appears to be of recent origin

(Devanesan and Chidambararn , 1953; Anon, 1989a,b) and whereas it is known

to form a fishery in Sri Lanka and Andaman sea (Bal and Rao, 1984). Hence

it is advisable to compare genetic composition of oil sardine populations

of these regions. The significant genetic heterogeneity between the closely

existing Calicut-'Ilangalore population also appear to be real because signi

ficant differences in the allelic frequencies at several enzyme loci were

also noticed between these two populations as discussed elsewhere.

Reports on higher D values between fish/shell fish populations are

also not uncommon (Stoneking ~ al., 1981; Liu ~ al., 1991; Vijayakumar,

1992). A typical example is that of Liu ~ al. (1991). In their study in

Stramonita haemostoma, a higher value of 0.30 (D) was recorded between

two groups of the same species. Based on this D value the two groups

were differentiated genetically at a level that is characteristic of congeneric

species. However, Stoneking ~ al. (1981) observed D value of 0.116 between

northern and southern populations of brook trout and considered them at

the level of sub species differences. Similarly a relatively low average genetic

similarity coefficient (D=0.16) among populations of Campostoma anomalum

have been reported by Buth and Burr (1978). The range of D values and

their average in different marine and fresh water fish species have been

reviewed by Shaklee ~ al. (1982). These values averaged like 0.05 (range

0.002-0.065) between conspecific populations, 0.30 (0.025-0.609) between related

species and 0.90 (0.580-1.21) between related genera. Similarly, Mangaly

and Jamieson (1978) also reported that values for Nei's coefficient of genetic
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distance may range upto about 0.05 between races and from 0.02 to 0.20

between sub-species. However, interlocus variance of genetic distance may

be very high (Nei, 1976). Therefore based on the above discussion the average

genetic identity value of 0.09 in §.. longiceps in the present investigation

is well between the average for conspecific populations and subspecies. As

genetic identity values are complementary to the genetic distance values,

only the latter is discussed in detail.

Interestingly, in contrary to the above discussed reports on range and

their average of 0 values, many authors have found very small 0 values

also between different species and even between different genera (Ryman

~ al., 1979; Smith et al., 1980; Grant, 1986). A typical example in this

regard is that of Smith et al. (1980). A genetic distance of only 0.003 was

found between two species and they suggested that they are conspecific popu

lations. Most unusual range of genetic distance was reported in Atlantic

herring populations (Jorstad et al., 1991). They observed a range of 0.005

0.010 to 0.888-1.086. The 0 values 0.888 to 1.086 were for two adjacent

populations. Another atypical range of genetic distance values of 0.092 to

0.204 with an average of 0.152 was reported in mosquito fish populations

(Hernandez-Martich and Smith, 1990). Vijayakumar (1992) also has reported

o value of 0.152 in Mugil cephalus populations and has suggested that the

populations of M. cephalus have diverged into a level of genetic distance

lying between races and SUb-species.

In addition to the above reports of unusual genetic distance between

populations of same species, sub-species, species etc., some investigators



97

have reported very small D values between widely separated populations,

For example, in Chanos chanos populations, the average genetic distance

observed was only 0.002 (Winans, 1980). It is interesting to note that small

D values were observed for different populations which were separated by

large distance, even upto 10,000 kilometers range, whereas significant genetic

divergence was noticed for other populations separated by just 320 kilometers

only. However, the adjacent populations were isolated by local oceanic eon-

ditions. Another interesting report on small D value is that of Ryrnan

et al. (1979). They observed reproductive isolation with little genetic diver-

gence (D=0.025) in populations of brown trout. Thus from the above discussed

examples, long distance between populations need not necessarily reflect

a high genetic divergence, because isolation by any form of known or un-

known barrier between two populations, rather than the long distance, appears

to be the major cause for high genetic divergence. A typical example of

such kind is the range of genetic distance values viz. 0.13-0.36 repor:ed

for shore fishes separated by lsthumus of Panama, though some of wr.ich

showed morphological sirnilarrty (Gorman ~ al., 1976; Gorman and Kim, 1977;

Vawter ~ al., 1980) as discussed by Rosenblatt and Waples (1986).

Again, the above detailed discussion on reports of values of genetic

distance in various species and in various geographical situations suggests

a very high range of values even between two closely existing populations

and least range of values between populations inhabiting extreme geographical

range and also a medium range significant values between populations of
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a particular species and in a particular situation all of which suggest that

no standard parameter of genetic identity and distance can be recommended

for any species. Therefore, a satisfactory approach for concluding on the

genetic nature of a particular species could be combined differences estimated

at various levels of population genetic analysis such as allelic frequencies,

proportion of polymorphic loci, average heterozygosity and values of genetic

identity (l) and genetic distance (D). When all these different levels of genetic

analyses suggest a uniform conclusion which may be more valid for the species

in question than comparison of conclusions made by other investigators for

other species. Though values of genetic distance for ~. longiceps are higher

than expected between local populations but lesser than that expected for

sub-species, it may be too early to assign any genetic status to these popu

lations without further required investigations.

The earlier studies of various aspects of fishery and biology of

S. longiceps have suspected heterogenetic nature of its populations supporting

the fishery (Anon, 1990). The studies on vertebral counts of different oil

sardine populations along the North Kanara coast clearly indicated the existence

of meristically distinct stocks. In this respect, the more interesting infor

mations contained in the above report are that samples of juveniles (below

160 mm) and adults (above 160 mm, mainly spent - recovering ones) tested

from each centre were homogeneous, while pooling of these data caused

significant statistical differences, indicating heterogeneity of different popu

lations (Annigeri, 1978). It also suggested that these local sub-populations



99

within a range of about 40 kilometres may have their own separate spawning

grounds and enter any local fishing grounds for feeding purpose. Similarly

based on a comparative study of head and tail lengths of oil sardine samples

of various geographical areas, including Bombay and Malabar, Devanesan and

Chidambaram (1943) also suspected the existence of different races among

oil sardine populations. Devanesan (1943) also reconfirmed considerable head

length differences between Malabar and Bombay-Karachi region. Though

oil sardine, ~. longiceps is believed to be a pelagic migratory fish, its move

ments for feeding and spawning are appeared to be restricted from local

feeding grounds to the spawning grounds and vice versa (Devanesan, 1943).

It is also interesting to learn that there is considerable difference in the

feeding habit of oil sardine between Bombay and Malabar region as reported

by Devanesan (1943).

Various studies on size groups of oil sardine from different places

such as Cochin (Balan, 1972; Reghu, 1973), Calicut (Rengaswamy. 1977),

Mangalore (Prabhu and Dhulkhed, 1967), Kasargod (Anon, 1974), Kakir.ada

. (Antony Raja, 19731'l) and Parangipettai (Kumar and Balasubramaniam, 1987)

also revealed regional differences in the year class sizes which may indirectly

support the existence of heterogeneous oil sardine populat ions along west

east coast. Besides, based on the observations on significant regional size

group differences, Antony Raja (1969) suspected the existence of two sub

populations at Mangalore and Calicut,

A number of reports on spawning and related aspects of oil sardine

in fact agree that spawning occurs independently at Mangalore/Karwar (Prabhu
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and Dhulkhed, 1967; Annigeri, 1969; George, 1980), Calicut (Velappan Nair,

1959; Rengaswamy, 1977), Cochin (Balan, 1972; Reghu, 1973; Balan and Abdul

Nizar, 1988), Vizhinjam (Lazarus, 1985) and east coast regions such as Madras,

Gulf of Mannar (John, 1951; Gnanamuthu and Giridavallabhan, 1984). Kesavan

Nair et al. (1973) also suspected patchy distribution of oil sardine populations

suggesting some form of isolation between populations.

In the above background of earlier reports, the present discovery of

the existence of distinct genetic stocks of oil sardine at Cochin, Calicut,

Mangalore, Mandapam and Madras though not surprising, it is of more scien

tific importance. As genetic method was used in the present investigation,

the present report of existence of distinct genetic stocks of oil sardine along

the west and east coast of India must be more natural and reliable. If these

tested samples on the east and west coast are distinct genetic stocks, separate

spawning grounds for each such stock may exist as suspected by Annigeri

(1978) for sub populations along the North Kanara coast. Finally, the recent

investigation on 25 morphometric characteristics of oil sardine populations

from Mangalore, Calicut, Cochin and Mandapam also revealed that all these

four populations belonged to significantly different stocks (Personal Communi

cation from Mohan Das, 1993). Therefore, all these discussions made on

various aspects of fishery and biology of oil sardine lent strong support to

the present report on the existence of genetically distinct stocks of oil sardine

in Cochin, Calicut, Mangalore, Mandapam and Madras.



7. CONCLUSIONS
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1. The average values of proportions of polymorphic loci (0.41), alleles

per locus (1.37) and heterozygosity (0.21) estimated for Sardinella

longiceps revealed high genetic variability in the species.

2. Significant allelic frequency differences at 14 out of 25 enzyme loci

suggest that the populations of §.. longiceps tested from Cochin, Calicut,

Mangalore, Mandapam and Madras are genetically distinct stocks (TBL.2).

Allelic frequency differences at a single enzyme system like esterase

(EST) or glutamate dehydrogenase (GDH) were sufficient to reveal

inherent stock differences of all the five populations compared.

3. The degree of population genetic differentiation estimated by mean

values of genetic identity (1=0.9065) and Distance (D=0.0990) also

reveals that the populations tested are not genetically identical. The

lowest genetic identity (0.846) or the corresponding highest distance

(0.166) exists between populations of Nlangalore and Mandapam regions

(TBL. 10).



8. RECOMMENDATIONS
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1. As oil sardine fishery is supported by genetically heterogeneous popu

lations, independent data for each distinct stock must be taken into

account for successful forecast on its abundance as well as manage

ment of oil sardine fishery resources of India.

2. The present findings will have very significant implications on the

scientific management of oil sardine fishery resources in the future.

Therefore, it is recommended that mitochondrial DNA patterns of

different populations of oil sardine should be compared to get an

insight into the subtle nature of their genetic composition.

3. The present investigation does not give any clue to the natur-al spawn

ing boundaries of each of these distinct genetic stocks and their

mixing during feeding season. Therefore, it is necessary to study

separately the genetic composition of the regional popular ions of

oil sardine at the time of spawning as well as feeding seasons.



9. SUMMARY
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1. The thesis contains a detailed account of the results of the investi

gation on the BIOCHEMICAL GENETIC STUDIES ON THE POPCLA

TIONS OF THE INDIAN OIL SARDINE, SARDINELLA LONGICEPS

from Cochin, Calicut, Mangalore of west coast and Mandaparn, Madras

of east coast of India. Introduction, Review of Literature, Mater-ials

and Methods, Results, Discussion, General Discussion, Conclusions,

Recommendations, Summary and References are the major headings

of the thesis.

2. A brief account on the concept of species, speciation, importance

of species concept in fisheries management, definitions of units of

fisheries management, role of biochemical genetic techniques in the

identification of unit stock, reasons for choice of ~. lomriceps as

the candidate for the investigation and the major objectives of the

investigation itself is given in the Introduction.

3. The Review of Literature has covered the available puolishec reports

and informations with special reference to population biochemical

genetics using different methods.

4. Under Materials and Methods, details on oil sardine population samples,

methods of transportation of samples, preparation of tissue homogenate

and buffer systems for gel electrophoresis, methods of staining and

detection of 9 enzyme systems, procedures for analysis of cata etc.

have been presented.

5. The results have been described with the help of 19 plates, 19 figures

and 10 tables. The fine aspects of zymogram patterns observed at
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25 loci belonging to 9 enzyme systems (ADH, AO, EST, G-6-PD, GDH,

lDH, LDH, MDH and XDH) present in oil sardine populations tested from

Cochin, Calicut, Mangalore, Mandapam and Madras have been highlighted.

The important biochemical genetic characteristic of oil sardine populations

discovered for the first time are:

a. Intra species biochemical genetic polymorphism measured by propor

tion of polymorphic loci ranging from 0.33 in Cochin to 0.55 in Manda

parn, giving an average of 0.41 in the species (TBL.7).

b. The average heterozygosity also varied from 0.16 in Mangalore to

0.24 in Mandapam giving an average of 0.21 in the species (TBL.5).

c. The average number of alleles per locus varied from 1.28 in Cochin

to 1.49 in Mandapam, giving a species average of 1.37 (TBL.8). All

these three characteristics suggest high genetic variability in the

species.

d. The pevotal data required for achieving the main objective of the

investigation emerged from the results on allelic frequencies esti

mated for 25 individual enzyme loci (TBL.2). The loci that showed

very significant allelic frequency differences between populations

are: ADH-I, 1I; AO-lI, Ill; EST-I-IV; G-6-PD-III; GDH-I, 1I; IDH-lI;

MDH-I and XDH-I. Besides, allelic frequency differences at a single

enzyme system like esterase (EST) or glutamate dehydrogenase (GDH)

were sufficient to reveal inherent stock differences of all the 5

populations compared (TBL.2).
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e. Significant deviations between observed and expected genotype

frequencies (TBL.3) occurred only in 24 cases out of 125 compared

and these deviations were caused by excess of heterozygotes

in 17 occasions and the rest 7 cases due to excess of homo-

zygotes (TBL.6).

f. The estimated overall mean values of genetic Identity (I) and

distance (D) ranged from 0.846 to 0.967 (I) and 0.033 to 0.166

(D) respectively. The mean values for the species were 0.9065

(I) and 0.0990 (D), suggesting that the populations compared

are less identical and more distant than expected between inter

breeding local populations (TBL.10).

6. All the salient features of the present investigation have been thoro

ughly discussed under two headings namely DISCUSSION and GENERAL

DISCUSSION. In the first part of discussion, important background

informations essentially required for proper and meaningful evaluation

of the results were introduced. The second part of it comprised

of a detailed discussion on the results obtained for each of the 9

enzyme systems, highlighting the allelic frequency differences at inter

population level, viz., 14 out of the 25 enzyme loci examined showed

very significant allelic frequency differences in the oil sardine popu

lations from Cochin, Calicut, Mangalore, Mandaparn and Madras. It

was concluded that these 5 popula tions were genetically distinct stocks
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(TBL.2). The conclusions reached under each enzyme system were

supported by similar reports in other species.

7. The chapter, General Discussion, first described the role of Hardy

Weinberg law in population genetic analysis and the results of its

application in the present investigation. Relatively small number

of significant deviations, 24 out of 125 tested, were justified as normal

events that can occur in any similar investigations as supported by

references. Possible reasons for such deviations have also been dis

cussed. The next aspect discussed in this section was the very high

genetic variability expressed by average heterozygosity ranging from

0.16 in Mangalore to 0.24 in Mandapam. Possible reasons for high

heterozygosity values in ~. longiceps have also been suggested. Other

aspects discussed in this section are, high rate of average number

of alleles per locus ranging from 1.28 in Cochin to 1.49 in Mandapam

and the proportion of polymorphic loci ranging from 0.33 in Cochin

to 0.55 in Mandapam and probable structure of the enzymes tested

in the present investigation. An important aspect that was discussed

in the section was, nature of the genetic identity and distance that

existed between popula tions of S. longiceps corn pared in the present

investigation. The average values 0.9065 for genetic identity (I) and

0.0990 for genetic distance (D) suggest that five populations of ~.

longiceps compared are not genetically identical. The lowest genetic

identity (0.846) or the corresponding highest genetic distance (0.166)

occurred between Mangalore and Mandaparn populations, the two almost

farthest geographic regions among the areas compared (TBL.l0 and
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FIG.1l. The final important informations discussed were the reports

of earlier workers on the fishery and biology of oil sardine populations.

The heterogeneity among oil sardine populations suspected by earlier

workers has also been utilised as further evidence for the present

conclusion that oil sardine populations from Cochin, Calicut, Mangalore,

Mandaparn and Madras are genetically heterogenous stocks.

8. Three important conclusions were drawn on the basis of the present

investigation.

9. Three recommendations were also made for future lines of research.
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