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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 

4.54'l6 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'l6 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 populations 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 11 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 academ ic and applied values of present discoveries 

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

during the 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 theori es 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 transform ation 

of its populations into different races or sub-species and la ter into nel"species 

in an unspecified evolutionary time scale. 

The mathemat ical theories of Wagner, Jordan, Densch, Mayr 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, fi shery 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. 
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only genotype data not directly influenced by envi ronm ental pa rameters are 

considered (Moller , 1971; Ja mi eson, 1974). According to the second definition 

the homogeneity arises when populations show sim ilar gene frequencies or 

a common genepool whereas heterogeneity will be implied when significant 

differences between popula t ions occur at genefrequency or genepool level. 

Depending on the degree of such genetic differences populations may be 

ident ified as races, sub-species or new species. This s tock 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 com mercially 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 a nd 

Marker t (1957). These biochemical genetic techniques are widely applied 

in obtaining required bas ic genotype data in the form of protein/ enzyme 

phenotypes and thei r variations. Many interna tional maritime states have 

been applying these biochemical genetic techniques for differenciation and 

identification of natural unit stocks, with a view to sc ientific management 

and conservation of their commercially important fish resources. India is 

far behind in this specialized field of population genetics that forms a scient i-

fic basis of fi sheries research and management. However, an awareness 

on the unique role of genetics in fi sheries research management and conser

va tion of fi sh 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 thi s commercially very important 

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

&I1d fishery management people. One of the most important problems facing 

t he 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 

iorm 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-populations 

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 investiga tion was to study the 

biochemical genetic nature of different populations of ~. longiceps along 

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

original f indings 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 enzyme systems were examined to study the genetic nature of 

individual populations. The results are presented, described and discussed 

enzyme a nd loci wise to get an insight into popula tion genetic structure 

of oil sardine Sardinella longiceps studied in the present invest iga tion. 



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). La ter, 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 Ihssen ~ al. (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 
II \I 

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 ~he 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 t he 

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

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

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

(Pleuronectes platessa). Critical importance of stock concept to the for-

mulation of any comprehensive long term fi sheries management has been 

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

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

and Evans, 1981; Phillipp ~ aI., 1981; Allendorf ~ aI. , 1987; Kapuscinski 

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

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

lhssen 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

metrics 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 ~ a1., 1981). However, anatomical characters also 

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

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

1981a). 

Stock identification based on fish chromosome morphology has been 

done since 1945 (Booke, 1968) as reported by Ihssen et al. (1981a). Recently 

many modern practices have been evolved for isolation and resolution of 

fish chromosomes 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 

express ion in fi shes, 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 

whe Nuttal used immunological methods to compare the serum of humans 

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

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

in h:Jman 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 Markert (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 et 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; Uthe and Ryder, 1970; Peterson and Shehadeh, 

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

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

Basiao and Taniguchi, 1984; Sbordoni ~ 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 ~, 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 (1972). 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 ~ 81., 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 ident ification 

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

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

Aspinwall, 1973; Utter !!. a1., 1973; Allendorf !!. aI., 1976; Bailey!!. al., 

1976; Busak !!. aI., 1980; Grant !!. aI., 1980; Wishard !!. al., 1980; Dehring 

!!. aI., 1981; Guyomard, 1981; Stoneking !!. a1., 1981; Utter, 1981; Carl 

and Healy, 1984; Guyomard et al., 1984; Kreig and Guyomard, 1985; ~Iilner 

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

1986; Campton and Utter, 1987; Gharrett et aI., 1987; Marnell !!. aI., 

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

1987; Berg and Gall, 1988; Verspoor, 1988; Utter !!. al., 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 

!!. aI., 1978), walleye pollock (Grant and Utter,1980), Coregonus clupeaformis 

(Casselman !!. a1., 1981), jack mackerel (Richardson, 1982a), jackass (Richard

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

paci fic herring (Grant and Utter, 1984), Atlantic cod (Mork !!. 81., 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 !!. 81., 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 (Shami and Beardmore, 1978), New Zealand 

snapper (Smith ~ al., 1978; Smith, 1979), Atlantic mackerel (Smith and 

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

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

1981), New Zealand hoki (Smith ~ aI., 1981b), Ca tostomus (Buth and Crabtree, 

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

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

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

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

1984), Pacific herring (Grant and Utter 1984), perch (Gyllesten ~ aI., 1985), 

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

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

(Vijayakumar, 1992) and crustaceans (Johnson ~~, 1974; Lester, 1979; 

Kannupandi, 1980; Mulley and Latter, 1980; De ~Iatthaeis ~ aI., 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 ~ aI. , 1972), marine fishes (Manohar and Velankar, 1973), 

goboids (Natarajan ~ aI., 1975), Bombay duck (Kurian, 1977), oil sardine 

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

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

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

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

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

1977; Kulkarni et a1. , 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, mulle ts (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 publicat ion (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 a1. (1989). 

The above rev iew 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, SardineUa longiceps, the experimental animal 

In the present s tudy was collected from five differen t geographical areas, 

a!ong the west and east coast. West coast sa mples were drawn from Cochin , 

C!ilicut and Mangalore whereas east coast samples were collected from 

Mandapam and Madras (FIG . 1; PLT.1 ). The o il sa rd ine samples were collected 

either on-board from purse-se iners or from landing centres. Samples from 

Cochin were collected mostly from purse-se iners off Cochin. Mandapam 

po?ula tion samples were collected us ing a shore se ine net. The lengt h and 

weight of specimens used for experi mental ana lysis ranged between 15-20 

C r:1S and abou t 25- 30 gms respective ly. From each specimen, four tissues, 

ne.mely heart, liver, muscle and eye lens were taken fo r studies. Heart 

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

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

stains. 

3.1.2 SAMPLE TRANSPORTATION 

Fish sample (whole specimen) from Cochin and Cali cut regions was 

transported to the labora tory in iced condition. Samples from Mangalore, 

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

packed in the a luminium 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 
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ice until a block of ice was fo rmed within the ice box. The ice box was 

immediately t ransported to Cochin labora tory 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 t he 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 10-1 5 minutes, weighed and 

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

muscle where 80 mg/ l ml was used. Homogeniza t ion was done in Remi 

~lechanical Homogenizer. The homogenized tissues were centrifuged in Sorvall 

Refrigerated Super Speed Centrifuge for 20 minutes in 10,000 rpm at SoC. 

The supernatants obtained were used for elect rophoretic analysis. 

3.2.2 POLY ACRYLAMIDE GEL ELECTROPHORESIS 

The principle of electrophoresis is tha t 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 ca thode 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 a\. (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'.1'.): 

40 gm of acrylamide was dissolved in O.O.W. and made up to 100 

ml and filtered. This filtered solut ion was stored in an amber coloured bottie. 

Bis Acrylamide (2.1'.1'.): 

2.1 gm of N, N 1 - methylene - bisacrylamide was dissolved In O.O.W 

and made up to 100 ml a nd filtered. 

Ammonium Persulphate (0.14'.1'.): 

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

up to 100 ml. 

Marker Dye: 

100 mg of bromophenol blue was dissolved in 100 ml of 0.0.11' . 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. TRIS-CITRATE (Shaw and Prasad, 1970) 

Electrode buffer 

Tris = 16.35 gm 

Citric acid = 9.04 gm 

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

pH was adjusted to 7.0 . Modifica t ion of pH was done from Shaw and Prasad 

(197 LXpH = 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). 

II. TRIS-VERSENE BORATE (Shaw and Prasad, 1970) 

Electrode buffer 

Tris 

Boric ac id 

Na
2

EDTA.2H
2

0 

= 

= 

= 

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.O. W. and the pH 

was adjusted to 8.0 . 
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III. TRIS-CITRATE/ L ITHIUM 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 et aI. (1970) (pH = 8.0). 

Gel buffer 

Tris 

Ci tric acid 

= 

= 

3.6 gm 

1.0 gm 

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

was adjus ted to 8.3 1. 

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

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

buffer was added for polymerisation before casting the gel. 

STAINING BUFFER (Tris-Hel, pH=7.1) 

60 .75 gm of Tris was dissol ved in one litre of D.D.W. and the pH 

was adjusted to 7.1 using conc. HCI. 

3.2.5 GEL CASTING 

The stock solutions like acrylamide, bisacrylamide, gel buffers and 

ammonium persulphate were brought to room temperature before casting 
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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 wi th 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.II' . was layered over the gel top t o avoid miniscus 

formation . The gel ge ts 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 supema lent portion of the homogenate was then 

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

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

filled with the electrode buffer. The marker dye hel ps in knowing the com-

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

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

It also ensures uniform flow of current and faster migrat ion 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 (+ve) 

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. 
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The power pack was swi tched on for 10 minutes before starting the 

electrophoresi s. Initially the current was regulated to have an uniform flow 

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

mA till the completion of experiment. The appara tus 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 a fter the incubation of ge ls in a specific enzyme staining 

solution. The staining solutions contained the ubs trate for the specific 

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

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

tions were used for detection of specific enzymes. 

ALCOHOL DEHYDROGENASE (Guyomaro, 1981) 

Modified 

Tris-HCI (0 .5 M, pH=7. 1) 

MTT 

= 30 

= 7 

ml 

mg 

N A 0 = 8.5 mg 

Propan-2- OJ = 2 ml 

P M S = mg 
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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 

ESTERASE (Shaw and Prasad, 1970) 

= 

= 

= 

= 

= 

= 

15 ml 

3 mg 

6 mg 

0.30 ml 

15 ml 

1 mg 

Substra te solution: 1 % c!: -13 - Naphthyl acetate 

c!: - Naphthyl acetate 

13 - Naphthyl acetate 

Acetone 

D.D.W. 

Stain 

Tris- HCI (0 .5 M, pH=7.1) 

Fast Blue RR sal t 

1 %ce·J3 - Naphthyl acetate 

D.D.W. 

= 

= 

= 

= 

= 

= 

= 

1 gm 

1 gm 

50 ml 

50 ml 

3 ml 

30 mg 

0.90 ml 

= 26. 1 ml 

GLUCOSE-&-PHOSPHATE DEHYDROGENASE (Siciliano and Shaw, 1976) 

Modified 

Tris-HCI (0 .5 M, pH=7. 1) = 30 ml 

MTT = 15 mg 

N A D P = 21 mg 

MgCl
2 = 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 

MTT = 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 T T = 6 mg 

N A D P = 10 mg 

MnCI = 15 mg 
2 

DL-lsocitric acid = 30 mg 

P M S = 1 mg 

LACTATE DEHYDROGENASE (Guyomard, 1981) 

Tris-HCl (0.5 M, pH=7. 1) = 30 ml 

M T T = 2 mg 

N A D = 4 mg 

Lithium Lactate = 60 mg 

P M S = 1 mg 

MALATE DEHYDROGENASE (Siciliano and Shaw, 1976) 

Modified 

Tris- HC! (0.5 M, pH=7. 1) = 30 m! 

MTT = 12 mg 



N A 0 

Na
2
C0

3 

Malic acid 

P M S 

24 

= 15 mg 

= 7 mg 

= 15 mg 

= mg 

XANTHINE DEHYDROGENASE (Shaw and Prasad, 1970) 

Substra te solution : 1 M Hypoxanthine 

Hypoxanthine = 6.8 gm 

1 M KOH = 10 ml 

D.D.li. = 40 ml 

Stain 

Tris-H Cl (0 .5 M, pH=7.1l = 6 ml 

MTT = 9 mg 

N A 0 = 18 mg 

1 M Hypoxanthine = ml 

D.D.Ii. = 23 ml 

P M S = 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 CONOmONS 

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 

(mg/ mi) and the homogenates to be loaded (PI) in a gel were also standardized. 

The standardized experimental conditions adopted for the screening tests 

for nine diffe rent 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 phenotypic 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 ciis tance migrated by the particular band in that particular 

compared gel a rea. 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 co-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 da ta was 

to calculate the ind ividual genotypes observed for each locus of a particular 
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enzyme in each population sample. Allele frequencies were determined from 

the genotypic frequencies as follows: 

Frequency of S allele is t he 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 freq uency can also be calculated us ing 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 fo r calculating the expected 

genotype proportions in different populations. The followi ng binomial expression 

was applied to find out the expected genotypic frequencies . 

(a+b)2 = a 2 + 2 ab + b' 

The signi ficance o f deviation between the observed and expected gene-

type frequenc ies was calculated for determining the chi-square values using 

the formula 

(Observed - Expected)2 

Expected 

The degree of freedo m for a diallel ic three phenotype system was 

calculated using the formula 
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3 phenotypes 1 = 2 

2 Alleles 1 = 1 

The degrees of 
freedom = 2-1 = 1 

4. Heterozygosity (TBL:4) 

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

population tested is heterozygosity. Initially, heterozygosi ty was calculated 

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

which the average for each enzyme and there by average heterozygosity 

for the species. Both polymorphic and non-polymorphic loci tested were 

considered for calculation. 

5. Average number of alleles (TBL:8) 

The average number of alleles = Number of different alleles 
per locus Number of loci tested 

From this average number of aUeles for differen t loci in each popu-

lation 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 t he 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 fo r 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 (0) (TBL:l0) 

The genetic distance is the measure of accumulated allele differences 

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

Genetic distance is defined as 

o = - log I e 

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

was calculated using the following formula 

I = ..:::::: X. Y. / J X~ < I I I 

2 

Y. 
I 

where values of X. and y. are the frequencies of speci fic alleles in the 
I I 

populations X and Y respectively. 

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

which the average 0 value for that particular comparison was derived. Then 

the average I and 0 values for all the comparisons made was found. The 

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

of I and O. 



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 gi ving 

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 0) and distance (D) have been presented. 

4.1 ENZYME SYSTEMS (ALLELE FREQUENCIES) 

4.1.1 ALCOHOL DEHYDROGENASE (ADS) 

Figure 2 and Plate 2 show zymogram patterns of alcohol dehydrogenase 

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

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

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

were designated as AD H-I and ADH-/1 according to t heir order of increasing 

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

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

-II locus. ADH-I locus was monomorphic in Cochin, Mangalore and Madras 

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

But calicut and Mandapam populations showed polymorphism at ADH-I locus. 

The polymorphism at ADH-I locus produced slow type homozygote (S band) 

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

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

The enzyme patterns at ADH-I/ locus appeared almost identical to 

that of ADH-J. The ADH-I/ also showed polymorphism in Calicut and Mandapam 

populations and monomorphism in Cochin, Mangalore and Madras populations. 
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In Calicut and Mandapam populations slow homozygous and slow/ fast hetercr..,~ 

zygous phenotypes were observed whereas fast homozygotes were absent. 

80th ADH-I and II loci show single band while monomorphic and triple 

band while polymorphic. At AD H-I locus the intermediate band was not 

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

in fou rth tube of the photograph (PLT. 28). Though three bands were present 

in heterozygous condition at ADH-I1 locus in some specimens from Calicut 

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

and clear (PLT.28,C). In Mandapam population the only tube that showed 

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

in general the ADH- I1 locus bands were not sharp and compact as that of 

Calicut. 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 (FIG.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 percen.t S allele at both ADH loci . Cali cut and Mandapam popu-

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

these populations 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/Calicut, Calicut/ 
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Mangalore and lVIandapam / Madras are significantly different inspite of their 

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

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

Mangalore and Madras populations and these frequencies are comparable bet

ween Calicut and Mandapam, occurence of heterogeneous populations having 

different allelic frequencies between simi lar 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-I and II loci are summarized in the Table 3. The expected 

values for ADH-II 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-II and Ao-m. 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- 1J 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 

B Calicu t Il = 6-9 

C Mangalore III = 12-1 4 

mm 

mm 

mm 



FIG. 3 

(-) ® ® 
Omm S S 

SF 
I I 

F 
SF F .......... 

70mm 
( +) 

(-) © 
o m m S"'IIIII! 1111IIIIIIII 

SF~ 
F Irz:r=~ 

70 mm 
(+ ) 

-



PLATE 3 

® ® 

\ 



FIGURE 4 AND PLATE 4 

Zymogram patterns of Aldehyde Oxidase 

in ~. longiceps populations from 

D 

E 

Mandapa m 

Madras 

Locus 

= 0-2 mm 

II = 6-9 mm 

III = 12-14 mm 



F IG. 4 

® © 
( -) 

~ 5 --, o mm 5 
I I 

F S S SF F 
~ S F""" S 

70mm L-

(+) 



@ 



32 

type (SF band) heterozygo tes were observed. But in Mandapam population 

slow type (S 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 sa me except for Mandapam population where it seemed to be little 

less in intensity (PLT. 40). 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-III) shown 

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

wi t h homozygotes (F type) and heterozygotes (SF type). 

The allele frequenc ies 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 II locus varied from 0.275 (Mandapam ) to 0.687 (Cochin). However, 

its range was of lesser order between Cochin, Calicu t , Mangalore and Madras, 

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

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

frequ encies at AO-III locus is of special interest. Cochin population alone 

showed frequencies for both S and F alleles where F had a frequency of 

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

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

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

is s ignificantly 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 frequencies in the sample 

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

all the other stations showed deviations from Hardy-Weinberg equilibrium 

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

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

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

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

locus of AO (AO-JII ), 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, Mandapa m 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 
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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 este rase 

enzyme system in ~. longiceps is polymorphic. The variant phenotype pa tterns 

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

and Mangalore whereas , Mandapam and Madras populations showed only a 

5ingle banded phenotype. The phenotype patterns of second locus in each 

population were single and double banded. Depending on the mobili ty of 

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

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

an overall comparison of band positions a t 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 S and 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 .perceot in these two populations, whereas it ranged 

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

values of 5 and F alleles at the second locus in almost all the populations 

differed in one or other respect. The 5 allele appeared to be predominant 

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

frequencies of 5 and F alleles at third locus in Cochin and Mandapam also 

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

The predominant alleles were different in these two groups. The allelic 

frequencies at third locus were significantly different between Madras and 

Mandapam. On the other hand the frequency values of F and 5 alleles of 

Calicut, Mangalore and Madras populations were closely comparable. Though 

the predominant allele in all the populations at fourth locus is 5, its value 

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

overall comparison of frequency values of 5 and F alleles at all the four 

loci thus showed significant 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 GJucose- 6- phosphate dehydrogenase (G6PD) 

in Sardinella longiceps observed from Cochin, Cali cut, Mangalore, Mandapam 

and Madras are shown in Figure 10 , 11 a nd Plate 10,11 . The zymogra m showed 

fi ve zones of activity which were a ttributed to five loci. These zones were 

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

top of t he gel was having an invariant band (0 mm) whi ch was designated 

as G6PD-I locus. In all the five stat ions studied the first locus was non

polymor;>hic. In Cochin population the activity of first locus was less when 

compared with other centres which showed 3x intensi ty (FIG. lO A; PLT.l 0A) . 

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

na ted a5 second locus (G6 PD-ll). All the different populations sampled showed 

an intensi ty of l x except Cajicut population, where the band showed 2x activity 

in some ani mals and l x act ivity in other animals. The second tube of Calicut 

populat ion 's photograph shows this increased act ivi ty (FIG. lOB; PLT.10B). 

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

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

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

Calicut and Madras showed a s ingle band at 7 mm suggesting its homozygous 

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

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

banded SF heterozygotes were observed in Mandapam and Madras populations. 

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

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

posit ions. These invariant bands were designated as fou rth (G6PD-IV) and 
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FIGURE 11 AND PLATE 11 
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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 diffe rent loci are shown in Table 

2. Allelic frequencies at G6PD I, II, IV and V Show cent percent 5 allele 

(5 = 1.00) in all the five populations. In case of G6PD-Ill locus, Cochin, 

Cali cut and Mangalore populations were monomorphic, the allele frequency 

of 5 being 1.00. But in ~Iandapam and Madras populations the frequency 

of F allele was more, it being 0.76 for Mandapam and 0.53 for Madras. 

Madras and Mandapam populations also appeared to possess different frequen

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

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

of East coast (Madras and Mandapam) are significant. 

The observed and expected values of genotype frequencies are shown 

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

G6PD-1II 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 (GDU): 

Zymogram patterns of GDH enzyme in populations of Sardinella 

longiceps studied from Cochin, Calicut, Mangalore, Mandapam and Madras 
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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-I and GDH- ll according to their 

order of increasing mObility. Activity of GD H-I locus occured between 

0-7 mm gel position. The activity of the II locus, GDH-II was found between 

9 mm and 15 mm. Both GDH-I and II loci showed phenotype variation . . 

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

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

gotes. However , in Mangalore, Mandapam and Madras populations only fast 

homozygotes and heterozygotes were present , whereas in Calicut population 

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

band in Calicut and Madras populations was slightly more than that of Cochin, 

~jangalore and Mandapam population (PLT.12B and 13E). Interestingly, the 

mobility of GDH -II slow band seemed to be more slower in Mangalore and 

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

narrow in Calicut and Madras populations (PLT.12B and 13E). Unlike GDH

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

morphism in Calicut and Mandapam only. Besides, while cent percent F allele 

was observed in Cochin, Mangalore and Madras populations, Cali cut population 

showed cent percerit 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 from 0.54 at Mangalore to 0.90 

at Madras. In contrast to this in Calicut population the S allele was the 

major allele (8=0. 76). As regard to GDH-II locus F was the major allele 

in Cochin, Mangalore and Madras populations (F=1.00), whereas Cali cut showed 

cent percent S allele (8=1 .00). However , in Mandapam population S allele 

frequency was 0.68 and F allele frequency was 0.32 . Thus significant differ

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

regional populations suggest that populations of ~. longiceps from Cochin, 

Cali cut, ivIangalore, Mandapam and Madras are genetically different. 

Values of observed and expected genotype frequencies in the sample 

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

showed significant deviations from the Hardy-Weinberg equilibrium whereas 

observed values of Cal icut, Mandapam and Madras showed good agreement 

with the expected values. In both Cochin and Mangalore the disagreement 

was due to the excess of heterozygotes at GDH-I locus. The expected geno

type values in Mandapam population was also deviated 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

I) and the second observed in between the 5 and 9 mm was designated as 
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second locus (IDH-JI). In all the five populations studied IDH-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 Cali cut 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 (3x) in all the individuals 

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

The polymorphic II locus in Cali cut and Mandapam populations showed three 

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

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

A close comparison of these three phenotype var iants suggests t ~a t they 

may be co-dominant di-allele products at a single locus. The S ane F bands 

of IDH-II locus were found at 7th mm and 8th mm respectively. 

The allelic frequencies, observed and expected genotype frequencies 

calculated for IDH are shown in Table 2.3. For IDH-I locus all the fi\·e regions 

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

The allele frequencies at IDH-II locus were similar in Cochin, ~. !angalore 

and Madras populations with cent percept 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 a.:.;ele was 

higher (S=0.63) than that of the F allele (F=0 .37) in Mandapam pc:lUlation. 

Thus a comparison of allele frequencies of IDH-II locus in Calicut and \1andapam 
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populations showed significantly different values suggesting that these two 

populations may be genetically different. Though allelic frequencies of 

!DH-ll locus lire identical at Cochin, Mangalore and Madras, their geographic 

positions with reference to genetically different Cali cut and Mandapam 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 !DH second locus reveals 

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

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

Madras is non-polymorphic, viz. polymorphic Cali cut population ac ts as a 

barrier between monomorphic Cochin and Mangalore populations. 

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

tributions at !DH-Il locus in the sample popula tions. In Calicut po;JUlation, 

the observed values are in agreement with the Hardy-Weinberg pro;>ortions, 

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 Madras 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-Il and LDH-III indicating zones of increasing electro"horetic 

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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morphic. LDH-IJ 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-IU 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 :I1andapam 

regions. Only thrre 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 II and IU loci are seen as very closeiy moved. 

Such a pattern is expected to occur when fast ho mozygote band of II locus 

and slow homozygote band of 1Il 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 }Iangalore 

region. 

The allelic frequencies calculated for di fferent loci are shown in Table 

2. The allelic frequencies a t LDH-!i 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 :I1angalore 
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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-IJ locus indicate that their values are significantly different between 

Cochin/Calicut (F=1.00) and Mangalore/Mandapam (F=0.84//0.66) and Madras 

(F=1.00) (TBL.2). The frequencies of Sand F alleles at LDH-ill 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 tlJe observed and expected genotype dis

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

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

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

zygotes at LDH-II locus in Mangalore. 

4.1.8 MALATE DEHYDROGENASE (MDH) 

MDH zymogram patterns in Sardinella longiceps sampled from different 

areas like Cochin, Calicut, 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 MD H-J locus and the second 

at 9 mm designated as MDH-II locus. MDH-J locus was found to be mono

morphic in Cochin , Cali cut 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. 18.-\ 

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 populations 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 of ·F band 

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

locus was identical in all the five populations (FIG .1 8B, PLT.18B). 

Allelic frequencies calculated for MDH-I and II locus are summarized 

in the Table 2. Mangalore and Madras populations alone showed polymorphism 

at MDH-I locus. The frequency for the major allele F was 0.57 and 0.7 0 

in Mangalore and Madras populations respectively. Their allelic frequency 

differences as well as distant geographical positions separated by other dist inc t 

populations indicate that these tlYO populations are genetically differen t. 

The non-polymorphic MDH-l locus in Mandapam and its polymorphic nature 

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

to be fixed in Mandapam, while it is only predominant in Madras populat ion. 

In this respect monomorphic Cochin and Calicut populations are genetically 

distinct from polymorphic Mangalore population. 

The observed and expected values of genotype frequencies are shown 

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

observed frequencies. Therefore, the chi-square values are with in the 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 ~. 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, 

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

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

occured between 0-7 mm gel position whereas XDH-JI 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 

C). 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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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, Mandapam 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 populations 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 fo r 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 §.. 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 Mandapam . The average number 
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of alleles in Sa rdinella longiceps was 1.37 . The data on the average number 

of alleles per locus also showed considerable popula t ion 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 di fferent enzymes of the 5 populations of S. longiceps are given in 

Table 5. Average heterozygosity in the five populat ions ranged from 0.16 

in Mangalore to 0.24 in Mandapam 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 he terozygosity differences 

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

variability 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 popula t ions of !?. longiceps. A total of 250 com

parisons involving 25 enzyme loci and five populations were made for obtain

ing the average G.! and G.D. The est imated mean values of genetic identity 

and thei r corresponding genetic distance ranged fro m 0.846 (Mangalore/ 

Mandapam) to 0.967 (I) (Cochin/ Mangalore) and 0.033 (Cochin/ Mangalore) 

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

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

found between Mangalore and Mandapam followed by Calicut and Mandapam, 
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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 va lues 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 popula tions of west coast. 



5. 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, 197 1). Recently 

THE STOCK CONCEPT INTERNATIONAL SYMPOSIUM (Anon, 1981) again 

reiterated and elaborately discussed various .aspects of stock concepts in 

fisheries research and management. The importance of application of gene 

controlled proteins/enzymes in detecting and identifying reproductively isolated 

genetic stocks of fi sh resources was strongly emphasised in the stock ;ymposium 

(AI tukhov, 1981 ; .-\llendorf and Phelps, 1981; Ihssen ~ aI., 1981a; ~l ac Lean 

and Evans, 1981 ). 

Detection and identification of specific proteins/ enzymes we~e mace 

easier by gel electrophoresis and zymogram methods developed by Smithies 

(1955) and Hunter and Markert (1957) respectively. The combined a;>;>lication 

of these two biochem ical techniques has revealed good amount of biochemical 

genetic polymorphism in almost all the fish and shell fish specie; tested 

throughout the world. An overall analysis of the ave rages of poi::morph ic 

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 

popula tions has enabled the investigators to establish genetic ho r.:ogeneity 
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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 ident ity 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 exam ple, 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 S. 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.n. As a 

result essentially requ ired data in the form of zymograms (FIGS.2-19), allelie 

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

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

identity and distance (TEL.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 iden t i

fied in di fferent 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 deviat ion 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 S. longiceps and to make the con

clusion scientifically more rewarding. 



52 

5.1 ALCOHOL DEHYDROGENASE (ADH) 

Zymogram patterns of liver ADH in Sardinella longiceps showed intra

species genetic polymorphisms in Cali cut and Mandapam 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 .-\laskan chinook salmon (Gharrett ~ a!., 1987). However, ADH 

has been reported as polymorphic in Oryzias (Sakaizumi ~ 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 find ings in §.. 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 Cali cut 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 

Mandapam and Madras. Though allele frequencies at ADH-) and II are identical 

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

as genetically isolated populations due to the presence of polymorphic Calicut 
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population between Cochin and Mangalore and polymorphic Mandapa m popu

lation between Mangalore and Madras. That is, a polymorphic population 

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

frequencies at ADH-I locus was similar be tween Calicut and Mandapam, 

allele frequency of second locus indicated cOll5 iderable 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 a uthors. Buth (1980) reported ADH polymorphism and significant 

allele frequency differences in his study in se lec ted populations of Hypentelium. 

Present (1987) has reported highly significan t allele frequency differences 

between different populations of Hypoblenni u5 jenkinsi. The frequency of 

a and b allele from 2 populations showed an el'erage of 0.56 and 0.44 whereas 

another population showed 0.20 and 0.80 for a and b allele respect ively. 

Hardy-Weinberg equilibrium tests indicated good agreement between observed 

and expected values (TBL.3). The second locus at Cal icut 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

metrics of Nemipterus japonicus. Its populat ions 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 Cali cut. Above all, 

the present observed differences are based on protein allelic differences, 

not influenced by non-gene tic 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 

et aI., 1984), Gadus morhua (Mork ~ aI., 1985) and Hoplostethu5 atlanticus 

(Smith, 1986) as reported by Milton and Shaklee (1987). 

5.2 ALDEHYDE OXIDASE (AO) 

Aldehyde oxidase was also found highly polymorphic in Sardinella 

longiceps tested from Cochin, Cali cut, 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 populat ions. However, the reason for getting equal 

frequency of 0.5 0 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 dominancy (F=0.81). Though Calicu t, Mangalore, Mandapam 

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 Mandapam 

and Madras and F allele fixation at Calicut and ~langalore clearly indicates 

strong stock differences between Calicut/ Mangalore group and Mandapam/ 

Madras group of populations. Thus, an overall comparison of second and 

third loci suggests significant genetic differences among all five populations 

except between Cali cut and Mangalore. 

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 ~ al ., 1974). 

Monomorphism has been reported in gum my shark (Mac Donald, 1988) and 

in many marine crustaceans (Lester, 1979, 1983; Fuller and Lester, 1980; 

Redfield et 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 ~. longiceps here. Though gene fre-

j 
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quencies were same in both Cochin and ~!adras for aldehyde oxide enzyme 

in Mugil cephalus, considerable gene frequency difference was observed in 

Orissa population and thus indicating genetic he terogeneity of Orissa population. 

De Matthaeis ~ aJ. (1983) have reported both polymorphism and monomorphism 

in their study to find out genetic different iation between Penaeus kerathurus 

and f. japonicus. It is interesting to note that AO-1 showed monomorphism 

in populations of both f. japonicus and f. 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 ~. 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 pO;lulations 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 II 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-ll at Mandapam and 

AQ-m at Cochin were non significant (TBL.9). 



TBble: 9 

Chi-squared values of the genotype frequencies at 25 loci 

with their levels of significance in Sardinella long:ice~s 

SI. Populations 

No. Locus 

CHN CCT MRE MDM MAD 

1. AD H I 2.22 3.08 

2. AD H II 0.055 2.22 

3. AD I 

4. AD II 9.92 (+) 24 (+) 24 (+) 3.03 6.13 (+) 

?> ~ . 001 P < 0.001 P< 0.001 P> 0.01 

5. AD III 2.57 

6. EST I 3.83 3.09 0.118 

7. EST II 16.0 (+) 0.96 1 0.179 0.036 10.8 H 
P< O.OOl P> 0.001 

8. EST III 8.63 (+) 0.115 5.69 (+) 

P> 0.001 P> 0.01 

9. EST IV 3.19 0.042 0.316 5.52 (+) 0.622 

P > 0.01 

10. G6PD I 

11. G6PD II 

12. G6PD III 1.61 20.41 (+) 

P < O.OOl 
13. G6PD IV 

14. G6PD V 

15. GDH 7.91 (+) 2.28 17 . 18 (+) 0.668 0.247 

P> 0.00 1 P < O.OOl 

16. GDH II 19.05 (+) 

P < 0.001 

17 . IDHI 

18. IDH II 0.64 9.71 (+) 

P> 0.001 

19. LDH 

20. LDH II 15.16 (+) 5.14 (+) 

P < 0.001 P > 0.0 1 



Table: 9 cootd ... 

51. Popula t ions 

No. Locus 

C HN CCT MRE MDM MAD 

2 1. LDHIIl 42 H 0.0015 21.91 (+) 4.04 (+) 24 (+) 

P < 0.0 01 P < 0.001 P> 0.01 P < 0.00 1 

22 . MD H I 1.96 0. 726 

23. MD H II 

24. XD H I OA3 16.27 (+) 4.07 H 4.07 (+) 4.04 (+) 

P < 0.001 P> 0.01 P> O.Ol P > 0.01 

25 . XD H II 

+ indica tes t he significan t chi-sq ua red value 
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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 populations 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 Mandapam and 

Madras. Though S allele is predominant in Cochin, Cali cut and Mangalore, 

considerable frequency difference was shown by Mangalore population (TB1.2). 

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 Mangalore were considerably different among themselves, whereas these 

were again almost similar between Mandapam and Madras (TB1.2). Though 

predom inant allele in Cochin, Mangalore, Mandapam 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 Cali cut 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 popula tions 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 and 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 populations 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 fou nd 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 ~ 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. Sim ilar genet ic hetero

geneity has also been reported by Grant (1984) in .-\t1antic 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 di ffe rences. 

All the above discussed reports thus corrouorate the present fingings 

of genetic polymorphism in esterase enzyme in i. longiceps and its appli

cation for stock differentiation in the species. .-\ 1 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 Mandapam (iourth locus), whereas, two 

cases of excess of homozygotes were observed in second locus of Madras 

and third locus of Mangalore. All were significant a t 5% level. Such occurr

ence of excess of homozygotes and excess of he terozygotes are common. 

Jamieson et 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. (19818) detected significant excess 
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of homozygotes in Atlantic mackerel in seven ou t of eleven area samples 

collected in the North East Atlantic. Even after analysing the data with 

respect to sex, year class, size wi thin the year class and haul, homozygotes 

showed their dominancy. Various other reports are also there showing excess 

of homozygotes at esterase locus (Mitton and Koehn, 1975; Winans, 1980; 

Andersson ~ aI., 1983; Richardson and Habib, 1987; Seeb ~ al., 198~: Lavery 

and Shaklee, 1989). Excess of heterozygote at esterase locus have been 

reported by Smith ~ a1. (1978) in their study to fi nd out genetic differen

tiation in New Zealand snapper. 

5.4 GLUCOSE+PHOSPHATE DEHYDROGENASE (G6PD) 

All the populations of Sardinella longiceps from Cochin. Calicut, 

Mangalore, Mandapam and Madras showed identical monomor:lhism at 

G6PD-I, II, IV and V loci whereas its thi rd locus showed polymor:lhism in 

Mandapam and Madras and monomorphism in Cochin. Cali cut and )langalore . 

Thus the third locus showed very significant differences in the allele :·requency 

between populations of west and east coast. The third locus frequencies 

were also considerably different between Madras and Mandapam popula t ions 

suggesting gene tic heterogeneity. In all the monomorphic loci the cent percent 

slow allele was observed. However, Mandapam and :Yladras populations showed 

F as their major allele. The allele frequency of F allele being 0.7 6 in 

Mandapam 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 Mandapam 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 ~ aI., 1986). De Matthaeis et a1. (1983) in their study on genet ic 

differentiation between Penaeus kerathurus and P. japonicus found two loci 

of G6PD as monomorphic in both species. Similarly, Lavery a nd Staples 

(1990) found monomorphic G6PD in Penaeus esculentus and P. semisulcatus. 

Interes tingly, 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 populat ions sampled 

in his s tUdy two showed monomorphism whereas other five populations showed 

polymorphism . The frequency of major allele ranged from 0.!?38 to cent 

percent. TllUS the reports of monomorphism and polymorphism at certain 

loci of G6 PD 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 (Sm ith, 

1986) is very low, it being 0.957 to cent percent and 0.938 to cen t 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 conduc ted 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 fou nd highly polymorphic at its first 

locus in all the populations of Sardinella longiceps. Here allele frequencies 

were sufficiently different to consider each population as diiferent. The 

significant allele frequency differences between populations of east and west 

coast and wi thin east and west coast suggest genetic heterogeneity of all 

the five populations. The frequency of F allele of first locus ranged 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 tha t Calicut population had altogether different allele, namely S, 

in the place of F allele in other populations (Cochin, Mangalore and Madras). 

However , \Iandapam population, though very far off from Cochin, showed 

same F allele as predominant (TBL.2). 

Thus the second locus of GDU showed polymorphism in Mandapam 

population alone, whereas monomorphim in all other populations indicating 
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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 high ly differentiated from 

that of nearby Cochin and Mangalore populations. Though the frequency 

of F allele was identical in Cochin, Mangalore 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 populat ions because of the poly

morphic Mandapam population in between. The genetic differences between 

Mandapam and Madras were also indicated by a polymorphic second locus 

in Mandapam and a monomorphic second locus in Madras. 

GDH has been reported as monomorphic in most of the fish species 

such as New Zealand snapper (Smi th ~ aI. , 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 e t aI., 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 crill (Liu 

~ aI., 1991), which was used as one of the genetic parameters for stock 

differentiat ion. 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 deviat ion 

in three out of the ten cases. Cochin and Mangalore populations showed 

excess of heterozygotes at GDH-I locus , whereas Mandapam populat ion showed 

excess of homozygotes at GDH-II locus. Homozygote excess was repor ted 

at GDH enzyme locus in oyster drill (Liu ~ aI., 1991). 

5.6 ISOCITRATE DEHYDROGENASE (IDH) 

In all the populations of .§.. longiceps tested for !DH, first locus in 

liver tissue showed monomorphism wi th a single invariant band. whereas 

second locus showed polymorphism. Brown (199 1) observed such kind of 

monomorphism and polymorphism occurring in a single enzyme s::stem at 

different loci in his study on genetic variation and population str::cture of 

blacklip abalone, Haliotis rubra. But instances of monomorphic lDH also 

is not uncommon in fishes . For example, monomorphic !DH loci in Northern 

pike (Seeb ~ aI., 1987), two monomorphic loc i in Pacific cod (Grar.t et a1.. 

1987). Other reports of IDH monomorphism a re in walleye pollock (Grant 

and Ut ter, 1980), paddle fish (Carlson ~ aI. , 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-II locus between Cochin, Mangalore, Madras group. it being 
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monomorphic and Calicut , Mandapam group, it being polymorphic. The pre

sence of polymorphism at IDH-Il locus only in Calicut and monomorphism 

at Cochin and Mangalore suggests a un ique genetic difference of Calicut 

population on the west coast. The middle regional position of Calicut poly

morphic population between Cochin and Mangalore monomorphic populations 

also causes a genetic b&rrier 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 di f:erence between 2 local populations on the east 

coast, where major allele a t Mandapam was S allele, while it was cent percent 

F allele in Madras. In otherwords, Mandapam population showed high poly

morphism whereas Madras population showed just a monomorphic F allele. 

These differences also incicate strong genetic differences between the two 

east coast populations. Smi th et al. (1979) detected five alleles ( New Zealand 

hake), where one a llele, IDH-Ill was in high frequency in all samples. They 

observed lower allel ic frequencies in more southernly samples than those 

samples from around the ma inland. Similar significant allele frequency di ffer

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-U locus in Mandapa m population alone whereas balanced polymorphism 
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was observed in Calicut population. Similar unbalanced IDH polymorphic 

locus was also reported by Richardson (1982a) who observed excess of homo

zygotes in IDH 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, ~landapam and Madras 

(FIG.1 6,17, PLT.16 ,17) showed intraspecies polymorphisms. Though three 

loci were detec ted, only two were polymorphic. Such intraspecies LDH poly

morphisms have been reported by many other authors (Utter and Hodgins, 

1972; Altukhov, 1981; Ande rsson et al., 1983; Mork ~ al., 1985; Smith, 

1986; Smith ~ a!., 1990). The present observation of monomorphic and poly

morphic LDH loci in the same tissue is also not uncommon in fishes (Ryman 

and Stahl, 1981; Campton and Utter, 1987). LDH-I locus was not polymorphic 

in any of the five populations sampled, whereas LDH-II locus showed signi

ficant allele frequency differences between Cochin (1.00)/ Calicut (1.00)/Madras 

(1.00) and Mangalore (0.88)/Mandapam (0 .66). Thus non-polymorphic Cochin, 

Calicut, Madras populations are genetically very different from polymorphic 

Mangalore and Mandapam populations. For similar reasons, monomorph ic 

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-ill locus also showed polymorphism in Cochin, Calicut, Madras 

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 ~ ai. (1985) found 

out large statistically significant heterogeneity of allele frequencies between 

Atlantic cod populations. 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 et ai. (1990). 

Though LDH patterns from eye lens showed polymorphism and stock 

difference in ~. longiceps tested in the present investigat ion, a comparison 

of various aspects of its nature in dif fe rent populations is warranted. Com

paratively high Chi-square value was observed in Mangalore population at 

LDH-II locus, due to significant deviation from Hardy-Weinberg equilibrium. 

Here, the excess of homozygotes was observed. Interestingly, excess of 

heterozygotes was observed in Mandapam population. Similarly, LDH-lII 

locus also showed significant deviations from the expected values. :I1angalore 

population showed excess of homozygotes whereas Mandapam populat ion showed 

excess of heterozygotes. Both Cochin and Madras showed only heterozygous 

patterns and hence they showed equal frequencies. The only population which 

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 reported 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 LDH heterozygotes in their study in anchovies. 

Ryman and Stahl (1981) could find out an apparent absence of heterozygotes 

at an LDH-locus in their stUdy in salmonids. 

The possible reason for the observat ion 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 LDH allele frequency values between Sardinella longiceps 

populations compared in the present investigation indicated genetic stock 

differences, further detailed comparison of these populat ions is desirable 

to explain the cent percent heterozygote in Cochin and Madras populations. 

5.8 MALATE DEHYDROGENASE (MDH) 

MD H zymogram patterns showed polymorphism at its first locus and 

monomorphism at its second locus. However, fi rst locus showed monomorphism 

at Cochin, Calicut and Mandapam populations, whereas polymorphism at Man

galore and Madras. The predominant -F allele frequency was 0.57 at Mangalore 

and 0.70 at Madras. The monomorphic populations showed cent percent 

F allele. Therefore, the polymorphism at Mangalore, Madras and monomorphism 

at Cochin, Cali cut and Mandapam indica ted that Mangalore and Madras 
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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, MDH 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). 

MD H has been reported as polymorphic in most of the fishes such 

as sockeye salmon (Grant !!. ai., 1980), trout (Thompson, 1985), masu salmon 

(Okazaki , 1986), Atlantic herring (Grant, 1986) and barramundi (Salini and 

Shaklee, 1988). However, largest frequency differences among the stocks 

of white fish at MDH locus have been reported by Casselman !!. a1. (1981). 

Similarly, the highly significant allele frequency differences a t MDH locus 

were found among fi ve stocks of Coregonus clupeaformis by Ihssen !!. a1. 

(1981). The significance was shown by the MDH-3, 4 locus with allelic fre

quencies ranging from 0.175 to 0.660. Busak et a1. (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 MDH-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 MOH are comparable 

in many respects with that of other fish species reported by the above authors. 

The monomorphic and polymorphic nature of MOH 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 genet ic stock differ

ences in many of these fish species investigated, indicating that MOH 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 OEHYDROGENASE (XDH) 

Zymogram patterns of XOH in heart tissue in Sardinella longiceps 

collected from Cochin, Calicut, Mangalore, Mandapam and Madras showed 

polymorphism at XOH-l locus and monomorphism at XOH-ll 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 Mandapam/ Mangalore. 

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 (Thompson, 1985), orange roughy (Smith, 1986), Atlantic halibut (Fevolden 

and Haug, 1988), sharks (Lavery and Shaklee, 1989), California bass (Graves 

.!:!. aI., 1990) and oyster drill (Liu .!:!. a!., 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 (198 3) 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 populations 

appears to be first of its kind. In the present study, Mangalore and ~ Iandapam, 

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 .!:!. aI., 1984). Similarly, ~lilton and 

Shaklee (1987) reported genetic similarity 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 Manda"!!TI 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 anc Mandapam 

while these were monomorphic in Cochin, Mangalore and Madre.; . Ao-TI1 

was polymorphic in Cochin. while it was monomorphic in Calicut, '1langalore, 

Mandapam and Madras. Esterase-I was polymorphic in Cochin. CalicCJ t, 

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-j and G6PD-Ill clearly revealed t he 

genetic differences of ~. longiceps from west and east coast. .-\gain two 

loci of G6PD (I and II) were monomorphic in all the five popula:ions 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 ge~etic 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-Il frequency of S allele was 0.95 in Cochin, while it was 0.75 in Mandapam. 

Frequency of S allele of AO-ll was 0.31 in Cochin, while 0.73 in Mandapam 

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-Ill, 0.38 in Cochin, 0.56 in Calicut, 0. 21 in Mandapam and 0.60 in Madras. 

Thus allelic fre(juency difference at EST-Ill locus alone could show genet ic 

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 (C~chin), 0.76 

(Calicut), 0.46 (Mangalore) and 0.16 (Mandapam). Other enzyme loci that 

s'lowed allelic frequency differences are EST-IV, lDH-ll, LDH-ll, Ill, MDH-

I and XDH-l. The degree of deviations between observed and expected geno

type frequencies at polym'Jrphic loci was significant only at 24 out of 125 

cases tested. 



Table: 2 

Allele frequencies at 25 loci in five populations 

of Sardinella longiceps 

Population.s 
SI. 

Locus Allele 
No. CHN CCT MRE MDM MAS 

1. ADH I 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 I 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 

5. AO III 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 

7. EST II S 0.50 0.1 7 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 I S 1.00 1.00 1.00 1.00 1.00 
1 1. 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 
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Table: 2 contd ... 

Popula tions 
Sl. Locus Allele 
No. CHN CCT MRE MDM MAS 

16. GDH II S 0.00 1.00 0.00 0.68 0.00 

F 1.00 0.00 1.00 0.32 1.00 

17. IDH S 1.00 1.00 1.00 1.00 1.00 

18. IDH II S 0.00 0.09 0.00 0.63 0.00 

F 1.00 0.91 1.00 0.37 1.00 

19. LDH I S 1.00 1.00 1.00 1.00 1.00 

20. LDH II S 0.00 0.00 0. 16 0.34 0.00 

F 1.00 1.00 0.84 0.66 1.00 

21. LDH 1I1 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 II S 1.00 1.00 1.00. 1.00 1.00 

24. XDH [ S 0.08 0.46 0.29 0.29 0.32 

F 0.92 0.54 0.71 0.71 0.68 

25. XDH II S 1.00 1.00 1.00 1.00 1.00 



6. GENERAL DISCUSSION 
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6.1 HARDY- WEINBERG EQUILmRIUM 

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 ~ ai., 1987). The Hardy- Weinberg law implies equilibrium con

dition between observed and expected gene frequencies in an ideal popula tion 

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; Utter and 

Hodgins, 1972; Daly and Richardson, 1980; Imhof ~ al. , 1980; Dehring 

~ al., 198 1; Buth and Crabtree, 1982; Richardson, 1982a; Stahl, 1987; Verspoor, 

1988; Lavery and Shaklee, 1989; Hernandez-Martich 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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No. 

L. 

2. 
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4. 

5. 

6. 

TabLe 3 

Locus 

ADH-l 

ADH-ll 

AO-I 

AD-II 

AO - Ill 

E5T-1 

Gena 
Type 

SS 

SF 

FF 

55 

SF 

FF 

SS 

SF 

FF 

SS 

SF 

FF 

SS 

SF 

FF 

55 

SF 

Ff 

Comparison of observed and expected (Hardy - Weinberg Law) genotype frequencies ill 

Sardinella longiceps populatlons 

COCHIN CALICUT MANCALORE MANDAPAM 

OBS EXP CHI OBS EXP CHI OBS EXP CHI OBS EXP CHI 

34 

o 
o 

34 

o 
o 

48 

o 

o 
o 

30 

L8 

o 
18 

30 

19 

18 

o 

34 o 

34 o 

48 o 

4 . 69 4.69 

20 .63 4.26 

22.69 0 . 97 

L.69 L.69 

14.60 0.79 

31.7 0.09 

21.19 0.23 

13.62 1.41 

2.19 2.19 

10 

LO 

o 

LM 

2 

o 
24 

o 

o 
o 

24 

o 
o 
o 

24 

10 

12 

o 

11.25 0.L4 

7.50 0 . 83 

t. 25 L. 25 

LM.OS 0.000 1 

1.90 0.005 

0.05 0 . 05 

24 0 

6 

12 

6 

24 

6 

12 

6 

o 
11.64 0.23 

8.73 1.22 

1.64 1.64 

22 

o 
o 

II 

o 

o 
24 

o 

o 
o 

24 

o 
o 
o 

24 

19 

3 

o 

22 

24 

6 

12 

6 

24 

o 

o 

o 

6 

12 

6 

o 
19.10 0 .000 5 

2 . 80 0.014 

0.10 0.10 

10 

12 

o 

LO 

10 

o 
20 

o 
o 
9 

11 

o 
20 

o 
o 

24 

o 
o 

11.60 0.22 

8.73 1.22 

1.64 1.64 

Lt.'/. 5 O. t tl 

7.50 0.83 

1.25 1.25 

20 0 

10.50 0 .21 

7 . 80 1. 31 

1. 51 1.51 

20 o 

24 o 

OBS 

25 

o 

o 

o 

o 
19 

o 

o 
6 

4 

9 

19 

o 
o 

24 

o 
o 

MADRAS 

EXP CHI 

25 o 

o 

19 o 

3.37 2.05 

9.26 2.99 

6.37 1.09 

19 o 

24 o 
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Sl. 
No. 

7 . 

Locus 

EST-II 

Gena 
Type 

SS 

SF 

FF 

8. EST-III SS 

SF 

FF 

9. EST-IV SS 

SF 

Ff 

10. G6 PD- I SS 

Sf 

fF 

11 . G6?D- II SS 

SF 

Ff 

12 . G6?D-III SS 

Sf 

fF 

COCHlN 

CBS EX? CHI 

3 9 4 

30 

3 

o 
18 

6 

12 

8 

6 

48 

o 
o 

48 

o 
o 

48 

o 
o 

18 

9 

8 

4 

3.37 3.37 

11.25 4.75 

9.37 1.21 

9.85 0.47 

12.30 1.50 

3.84 1.22 

48 o 

48 o 

48 o 

CBS 

o 
8 

16 

8 

11 

5 

9 

11 

4 

24 

o 
o 

24 

o 
o 

24 

o 
o 

CALICUT 

EX? CHI 

0.67 0.67 

6.67 0.27 

16.7 0.03 

7.59 0.02 

11.81 0.06 

4.50 0.04 

8.76 0.01 

11.48 0.02 

3.76 0 . 02 

24 o 

24 o 

24 o 

MANGIILORE 

OBS EX? CHI 

16 15.60 0.01 

5 

1 

11 

6 

7 

19 

5 

o 
21 

o 
o 

21 

o 
o 

21 

o 
o 

5.89 0.13 

0 . 56 0.04 

8.16 0.99 

11.70 2.78 

4.14 1.92 

19.26 0.004 

4.50 0.05 

0.26 0.26 

21 o 

21 o 

21 o 

MIINDA?AM 

OBS EX? CHI 

7 7.20 0 . 006 

10 

3 

2 

6 

16 

4 

17 

2 

17 

o 
o 

17 

o 
o 
o 
8 

9 

9.60 0.02 

3 . 20 0 . 01 

1.04 0.89 

7 . 92 0.47 

15 . 04 0.06 

6.79 1.15 

11.41 2.74 

4.76 1.63 

17 o 

17 o 

0.94 0.94 

6 . 11 0.59 

9.93 0.09 

MADRAS 

OBS EX? CHI 

14 11. 25 0.67 

2 

4 

9 

11 

4 

12 

11 

1 

24 

o 
o 

24 

o 
o 
o 

23 

1 

7 . 50 4.03 

1. 25 6 . 05 

8 .76 0.01 

11 .48 0.02 

3.7 6 0.02 

12.80 0 .0 5 

9.48 0.24 

1.76 0.33 

24 o 

24 o 

5.30 5 . 30 

11.95 10.22 

6.74 4.89 
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51-
No. 

Locus Geno 
Type 

13. G6PD-IV SS 

SF 

FF 

14. G6PD-V SS 

15. GDH-I 

16. GDH-ll 

17. IDH - I 

18 . IDH - ll 

19 . LDH - l 

SF 

FF 

SS 

SF 

FF 

SS 

SF 

FF 

SS 

SF 

FF 

SS 

SF 

FF 

SS 

SF 

FF 

aBS 

48 

o 
o 

48 

o 
o 
1 

26 

12 

o 

o 

39 

48 

o 

o 
o 
o 

48 

48 

o 
o 

caCHIN 

EXP CHI 

4B o 

48 o 

5.03 3.23 

17.90 3 . 67 

16.03 1.01 

39 

48 

48 

4 B 

o 
o 

o 
o 

aBS 

24 

o 
o 

24 

o 
o 

12 

II 

o 
23 

o 
o 

72 

o 
o 
1 

9 

52 

24 

o 
o 

CALICUT 

EXP CHI 

24 o 

24 o 

13.3 0.13 

8.36 0.B3 

1.32 1.32 

23 o 

72 o 

0 . 49 0.53 

10.02 0.10 

51. 5 

24 

0.01 

o 

MANGALaRE 

aBS 

21 

o 
o 

21 

o 

o 
o 

22 

2 

o 

o 

24 

24 

o 
o 

o 
o 

24 

24 

o 
o 

EXP CHi 

21 o 

21 o 

5.04 5.04 

11.92 8.53 

7.04 3.61 

24 

24 

24 

24 

o 
o 

o 
o 

MANDAPAH 

aBS 

17 

o 
o 

17 

o 
o 
o 
6 

13 

13 

o 

6 

30 

o 

o 
16 

6 

8 

24 

o 
o 

EXP CHI 

17 o 

17 o 

0.47 0.47 

5.05 O.lB 

13.47 0.02 

8.89 1.90 

8.21 8.21 

1.89 8.94 

30 

12 

13.9 

o 

1. 33 

4.49 

4.04 3.89 

24 o 

aBS 

24 

o 
o 

24 

o 
o 
o 
4 

16 

o 
o 

20 

24 

o 
o 
o 
o 

24 

24 

o 
o 

' MADRAS 

EXP CHI 

24 o 

24 o 

0.20 0.20 

3.6 0.04 

16.2 0.003 

20 

24 

24 

24 

o 
o 

o 

o 



Tabl e ) Coned .. . 

S1. 
No. Locus Geno 

type 

20. LOH- II SS 

SF 

FF 

21. LOH -III S5 

SF 

FF 

22. MDH-I SS 

SF 

FF 

23. MDH- II SS 

SF 

FF 

24. XDH- I 55 

SF 

FF 

25. XDH- II 55 

SF 

FF 

COCHIN 

OBS EXP CHI 

o 
o 

48 

o 
42 

o 
o 
o 

48 

48 

o 

o 

o 
9 

47 

56 

o 
o 

48 o 
10 . 5 10.5 

21.0 21.0 

10 . 5 10.5 

48 

48 

o 
o 

0.36 0.36 

8.28 0.06 

47.36 0 . 0003 

56 o 

OBS 

o 
o 

24 

7 

12 

5 

o 
o 

48 

48 

o 

o 
o 

21 

2 

23 

o 
o 

CALlCUT 

EXP CHI 

24 o 
7. 04 0.0002 

11.90 0 . 001 

5.04 0 . 003 

48 

48 

4.8 

o 
o 

4.8 

11.40 8.08 

6.80 3.39 

23 o 

MANGALORE 

OBS 

3 

1 

18 

8 

o 
14 

6 

A 

9 

48 

o 

o 

o 
14 

10 

24 

o 

o 

EXP CHI 

0.56 10 .70 

5.89 4 . 06 

15.50 0.40 

2.91 8.90 

10.18 10.18 

8 . 91 2.91 

4.35 0.63 

11. 30 0 . 96 

7.35 0.37 

48 o 

2.04 2 . 04 

9.92 1.68 

12.04 0.35 

24 o 

MANDAPAM 

OBS 

o 
13 

6 

o 
12 

7 

o 
o 

48 

48 

o 

o 
o 

14 

10 

24 

o 
o 

EXP CHI 

2.22 2.22 

8.55 2.32 

8.22 0.60 

1.89 1.89 

8.21 1 . 75 

8 . 89 0.40 

48 

48 

o 
o 

2.04 2.04 

9.92 1. 68 

12 . 04 0.35 

24 o 

OBS 

o 
o 

24 

o 
24 

o 

to 

9 

48 

o 

o 
o 

12 

7 

19 

o 
o 

MAD RAS 

EXP 

24 

6.0 

CHI 

o 

6.0 

12.0 12 . 0 

6 . 0 

1.8 

8.4 

9.8 

48 

6.0 

0.36 

0.3 t 

0.U7 

o 

1.89 1.89 

8.21 1.75 

8.89 0.40 

19 o 
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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 populations. Daly and Richardson (1980) also observed 

excess of heterozygotes in Anchovies. Excess of heterozygotes was also 

reported in lake white fish, Coregonus clupeaformis (Imhof ~ aI., 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 cephal us populations. 

The examples of homozygote excess have also been reported by many 

investigators. Excess of homozygotes were observed in milk fish (Winans, 

1980), mackerel (Smith ~ aI., 1981a; Richardson, 1982a, Menezes ~ aI., 

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 

~ aI., 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.S). The 

P values were between PC::::O.Ol to P>O.001 with degree of freedom one 



Table: 6 
} 

Excess of Homozygotes/ Heterozygotes at significant 

level in Sardinella longiceps populations 

Sl. Cochin Calicut Mangalore Mandapam Madras 

No. Locus 
HOM HET HOM HET HOM HET HOM HET HOM HET 

1. ADH 

2. ADH II 

3. AO I 

4. AO II + + + 

5. AO III 

6 EST 

7. EST II + 

8. EST III + + 

9. EST IV + 

10. G6PD 

11. G6PD II 

12. G6PD III 

13. G6PD IV 

14. G6PD V 

15 GDH + + 

16. GDH II + 

17. IDH I 

18. IDH II + 

19. LDH 

20. LDH II + + 

21. LDH III + + + 

22. MDH 

23. MDH II 

24. XDH + + + 

25 . XDH II 

Total 0 5 0 2 3 3 2 4 2 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 ~ al. 

(1981) reported that excess of heterozygotes can occur due to duplication 

of locus as explained by Dehring ~ al. (1981), whereas Stahl (1987) stated 

that it may be due to small number of parents during breeding process or 

due to possible statistical type I errors. Meanwhile, excess of heterozygotes 

may occur due to the effect of larger year class spawned when there is 

more interbreeding between populations (Imhof ~ aI., 1980). Similarly effect 

of hatchery procedures can also cause excess of heterozygotes (Stahl. 1987: 

Verspoor, 1988). 

Ponniah (1989) reviewed reports on excess of heterozygotes in fishes 

and their apparent correlations with different environmental parameters. 

The review reveals the complexity of probable mechanisms causing excess 

of heterozygotes at different loci such as est~rase, lactate dehydrogenase. 

transferin, phosphoglucomutase and glycerophosphate dehydrogenase in different 

fish species. The phenomenon of excess of heterozygosity in the abyssal 

populat ion of fish, Sebastodes alutus at phosphoglucomutase and glyceraldehyde

phosphate dehydrogenase loci and lack of such a phenomenon in shallolY water 

populations have been observed by Johnson ~ al . (1970) as explained 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 Mugil cephalus 

popula tions causing the unequilibrium condi tion in genotype distribution. 

The present observation of significant cases of deviation from 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 or size of 

specimens. Because the population samples tested in the present study have 

all come from a particular depth range and un iform environmental conditions. 

This argument is further strengthened by the fac t that genetic stock differ

ences were detected even between nearby regions, similar in environmental 

conditions and depth etc. That is, populations of Cochin, Calicut and Manga

lore were found to be genetically different, though all these three populations 

belong to west coast of India. Similarly, the two populations drawn from 

Mandapam and Madras were also found to be genetically heterogeneous, inspite 

of comparable ecological conditions of the east coast. Again, the observation 

of excess or deficiency of different genotypes cannot be due to differences 

of sex or size of the sample specimens used for the present study, because 

the range of size was minimal, it being 15-20 cms containing both sexes. 

Above all, a specific observed condition in a par ticular 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. cephal us (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 ~ al., 1987). Smith et a1. (1981a) reported that 

excess of homozygotes or heterozygote defic iency 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 inbree.ding 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 Mvtilus 

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 ac tive 

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 et 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 ~. 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. In te restingly, 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 t he case of M. cephal us 

(Vijayakumar, 1992). 

The present observation of deviations from Hardy-Weinberg equilibrium 

condi tion cannot be due to any art1facts 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 ~ ai., 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 ~ ai., 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 (Campton 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 (Mitton and Koehn, 1975), 0.17 in flatfish (Ward and Galleguillose, 



Table: 5 

Average Heterozygosity for t he nine different enzymes of the 

five populations of Sardinella longiceps 

Sl. 
Average Heterozygosity Average 

No. Enzyme 
per population Heterozygo-

sity per 
CHN CCT MRE MOM MAS 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 o. 1~ 

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 
Heterozygosity 0. 18 0.22 0.16 0.24 0.22 
in the five 
populations 

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 ~ al., 1983), 0.121 in 

Penaeus japonicus (De Matthaeis ~ al., 1983) and 0.1 02 and 0.107 in salmon 

(Utter ~ aI., 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 sligr. tly higher 

when compared to that of Powell (1975) whereas its comparison with that 

of Nevo (1978) may appear as much higher. Besides, when a comparison 

is made with that of M. cephal us (Vijayakumar, 1992) or European hake 

(Mangaly and Jamieson, 1978) it seems that the value of the preSE!l t invest i

gation is within the limits and not unusual. The range of he terozygosity 

values reported in the above discussion being 0.005 (Powell, 1975) to 0. 36 

(Vijayakumar, 1992), it is illogical and unscientific to attempt to judge the 

correctness of heterozygosity value of 0.21 reported in the prese!lt investi

gation. The value may be just specific and natural to the species .§.. 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 (Gorman 

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 (Somero 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 t he 

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 (Valent ine 

and Ayala, 1974) and environmental heterogeneity (Nevo, 1978). The probable 

reasons reported by Smith and Jamieson (1980) for varying heterozygosi ty 

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 

invest igators 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 enzym es (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 I. japonicus 

such as large effective population size, genetic adm ixture, adaptive strategy 

at species or population levels (De Matthaeis et al., 1983). 

The reason for observing the kind of average heterozygosity values 

in S. longiceps ranging from 0.16 (Mal1galore) to 0.24 (Mandapam) cannot 

be due to the influence of size, sex, maturity stages, environmental parameters 

such as depth, geographic locations etc., because the samples collected 

contained specimens of both sexes and of uniform size range and of comparable 

environmental conditions. Therefore, the present observed values. should 

be due to species specific and population specific conditions. .\ccording 

to Ayala and Kiger (1980) an electrophoretic survey of about 20 loci is usually 

sufficient to reveal the actual heterozygosity in the species. Therefore, 

the present observat ion of heterozygosity value of 0.21 in twenty five loci 

in ~. longiceps is not unusual and may be natural for such a highly mobile , 

tropical pelagic clupeid fish. Besides, high heterozygosities can occur or 

can be a special feature of any pelagic clupeid or in general any small mobile 

fish (Selander and Kaufman, 1973; Valentine, 1976). Also, in general, varying 

heterozygosi ty values have been reported for species of different evolutionary 

origin and habitat specialism (Smith and Fujio, 1982) as reported by Crozier 

(1987). Besides, most of the enzymes and their loci are polymorphic in 

~. longiceps whereas polymorphism is of lesser order in other species reported 

by others and naturally heterozygosity is bound to be higher in this species. 

Above all, statistically similar values, particularly in terms of genetic varia

abili ty cannot be expected in all fish species, because it may vary according 
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to the species concerned, loci tested, evolu tionary 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 irrespective 

of geographic regions and number of protein loci examined. It is beyond 

the scope of the objectives of the present investigation to seek and explain 

the reasons for the type of heterozygosity observed in ~. longiceps tested 

in the present investigation. The important question is, how the heterozygosity 

values can probably contribute in achieving the objectives of the present 

investigation. In this respect , it may be helpful to compare interpopulational 

heterozygosity in the species investigated as an additional indication of genetic 

composition of the species. The Table 5 shows average heterozygosity values 

for twenty five loci examined among five populations of ~. longiceps. 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 populations tested. 

The highest difference of average interpopulational heterogeneity indicated 

by heterozygosity occurred between Mangalore (0.16) and Mandapam (0 .24). 

Comparable heterozygosity differences, but of lesser order, occurred between 

any other two populations such as Cochin, Calicut and Madras (TBL.4) corro

borating basic differences in the genetic compositions of these populations 

as already indicated by differences of allelic frequencies and values of genetic 

ident i ty and distance discussed elsewhere. 



Table: 4 

Heterozygosity at 25 loci in five populations 

of Sardinella longiceps 

SI. 
Heterozygosity 

Locus 
No. 

CHN CCT MRE )IDM MAS 

1. ADH I 0.00 0.50 0.00 0.55 0.00 

2. ADH II 0.00 0. 10 0.00 0.5 0 0.00 

3. AO I 0.00 0.00 0.00 0.00 0.00 

4. AO II 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 II 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 I 0.00 0.00 0.00 0.00 0.00 

11. G6 PD 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 I 0.67 0.48 0.92 0.32 0.20 

16. GDH II 0.00 0.00 0.00 0.00 0.00 

17. IDHI 0.00 0.00 0.00 0.00 0.00 

18. IDH II 0.00 0. 15 0.00 0.20 1.00 

19. LDH I 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 I 0.00 0.00 0.35 0.00 0.50 

23. MDH II 0.00 0.00 0.00 0.00 0.00 

24. XDH 0.16 0.91 0.58 0.58 0.63 

25. XDH II 0.00 0.00 0.00 0.00 0.00 
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6.3 AVERAGE NUMBER OF ALLELES AND PROPORTION OF POLYMORPmC 

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, Mandapam and Madras. The average number 

of alleles among these five populat ions varied from 1.28 in Cochin population 

to 1.49 in Mandapam population showing considerable differences existing 

in the nature of allelic distribution among these populations. The average 

number of alleles was also considerably different between popula tions from

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 Madras and 

Mandapam popula tions from the east coast. Interestingly, the average number 

of alleles between Calicut and Mangalore was almost similar; it being 1.40 

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 est imate of average number of alleles revealed good amount 

of genet ic 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 



Table 1 

Compari s on o f Avera ge Po lymorphi c Loc i In 

Sardinel l a longicees 

S1- No.of loci pre sent No. of Polymorphic :].oci Average No. of polymorphic 
No. Enzyme loci 

CHN CCT MRE MOM MAS CHN CCT MRE MOM MAS CHN CCT MRE MOM MAS 

t. AOH 2 2 2 2 2 0 2 0 2 0 0 1 0 1 0 

2. AO 3 3 3 3 3 2 1 1 1 1 0.60 0.30 0.30 0.30 0.30 

3. EST 4 4 4 4 4 4 4 4 3 3 1 1 1 0.15 0.15 

4. G6 PD 5 5 5 5 5 0 0 0 1 1 0 0 0 0.20 0.20 

5. GOH 2 2 2 2 2 1 1 1 2 1 0.50 0.50 0 . 50 1 O. SO 

6. IDH 2 2 2 2 2 0 1 0 1 0 0 O. SO 0 o. SO 0 

1. LOH 3 3 3 3 3 1 1 2 2 1 0.33 0.33 0.66 0.66 0.33 

8. MOH 2 2 2 2 2 0 0 1 0 1 0 0 O. SO 0 O. SO 

9. XOH 2 2 2 2 2 1 1 1 1 1 0.50 0.50 O. SO O. SO o. SO 

Total 25 25 25 25 25 9 11 10 13 9 2.93 4.13 3.46 4 .91 3.08 

Average No. of Polymorphic Loci in eac h population 0.33 0.46 0.38 0.55 0.34 

Average No. of Polymorphic Loci i n Sardinella longi ceps 0.41 



Table 8 

51 . Enzyme No.of No. of 
No. Loci alleles 

Total Ave
alleles rage 

1. 

2. 

3. 

4. 

5 . 

6. 

7. 

8. 

9. 

ADH 

AO 

EST 

G6 PD 

GDH 

IDH 

LDH 

MOH 

XOH 

2 

3 

4 

5 

2 

2 

3 

2 

2 

Tots 1 25 

s 

2 

3 

4 

5 

1 

1 

2 

1 

2 

F 

o 
2 

4 

o 
2 

1 

2 

o 
1 

Average No . of alleles 
in each popula tion 

Average No. of alleles 

2 

5 

8 

5 

3 

2 

4 

1 

3 

33 

1 

1. 66 

2 

1 

1.5 

1 

1.33 

0.5 

1.5 

11.49 

1. 28 

in Sardinella longlceps 1 . 37 

Comparison of Averag~ Number o l ALL~ I ~ s at l~ Luc L III 

Sa rdlneLla longiceps popu l ations 

CALICUT 

No. of Total Ave
a lleles alleles rage 

S 

2 

2 

4 

5 

2 

2 

2 

1 

2 

F 

2 

2 

4 

o 
1 

1 

2 

o 
1 

4 

4 

8 

5 

3 

3 

4 

1 

3 

35 

2 

1. 33 

2 

1. 5 

1.5 

1. 33 

0.5 

1.5 

12.66 

1.41 

MANGALORE 

No . of Total Ave 
alleles alleles rage 

S F 

2 0 

2 2 

4 4 

5 0 

1 2 

1 1 

3 2 

2 1 

2 1 

2 

4 

8 

5 

3 

2 

5 

3 

3 

35 

\ 

1. 33 

2 

1 

1.5 

1 

1.66 

1.5 

1.5 

12.49 

1. 39 

MANDAPAM MADRAS 

No. of Total Ave
alle l es alleles rage 

No.of Total Ave
alleles alleles rage 

S 

2 

3 

4 

5 

2 

2 

3 

1 

2 

F 

2 

1 

3 

1 

2 

1 

2 

o 
1 

4 

4 

7 

6 

4 

3 

5 

1 

3 

37 

S 

2 2 

1.33 3 

1. 75 4 

1.2 5 

2 1 

1. 5 1 

1.66 2 

0.5 1 

1. 5 2 

13.44 

1.49 

F 

o 
1 

3 

1 

2 

1 

2 

1 

1 

2 

4 

7 

6 

3 

2 

4 

2 

3 

33 

1 

1. 33 

1.75 

1.2 

1. 5 

1 

1. 33 

1 

1.5 

11.6\ 

1.29 
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to 0.55 in Mandapam populations, again indicating considerable differences 

in the average number of polymorphic loci among populations of §.. longiceps. 

It varied fro m 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 polymor

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 higher value 

of proportion of polymorphic loci and average number of alleles was recently 

reported in Mugil cephalus (Vijayakumar, 1992). In M. cephal us 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 population. 

Though a comparison of the present value of 0.41 proportion of polymorphic 

loci with that of Selander (1976) or that of Ayala and Kiger (1980) may 

appear as slightly higher, a comparison with other reports on high proportion 

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 typical exam pie 

of such kind is that of De Matthaeis et al. (1983). They have repor 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 O . .! 1 

as the average number of alleles in marine mollusc populations. 

From the above discussions on varying values of proportion of poly

morphic loci and average number of alleles, it is clear and certa in thEt 

no comparable standard values can be fixed for a particular species or i t.s 

populations in a particular region. Therefore, the values observed for pro

portion of polymorphic loci and average number of alleles in oil 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 PATIERNS OF ENZYMES 

In modern population biochemical genetic studies a knowledge on 

the subunit structure of enzyme/proteins also helps in the interpre tat ion 

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 condi tion, a monomer expresses 

two bands, dimer expresses three bands and tetra mer expresses five bands 

(Shaw and Prasad, 1970). 

ADH is reported to be a dimeric enzyme in structure (Harris and 

Hopkinson, 1978; \\-ard, 1978; Grant ~ aI., 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-/l locus. 

Such deviations from the expected pattern of dimeric structure was also 
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reported in Tilapia zilli (Cruz et al. , 1982). In Tilapia 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 populations 

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 ~ al., 1982; 

Sumantadinata and Taniguchi, 1982; Shaklee and samollow, 1984; Crozier, 

1987; Milton and Shaklee, 1987). However, dimeric enzyme structure 

has been reported in Mugil cephal us (Vijayakumar, 1992). He observed two 

bands for homozygotes and three bands for heterozygotes. Similar two banded 

homozygote and three banded as well as four banded heterozygotes were 

reported at EST locus 3 in the blue gill (A vise 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 subunit structure 

of esterase appears to vary even wi thin 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 S. 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 ~ al., 1975). 

Cruz et al. (1982) observed two banded heterozygotes and therefore considered 

GDH as a monomer as in other vertebrates (Harris and Hopkinson, 1978). 

IDH is a dimeric molecule in most animals including fishes (Johnson, 

1975; Cruz et al., 1982; Berg and Gall, 1988). In the present investigation 

also IDH was considered as a dimer. However, only two banded phenotypes 

were 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 ~ al. , 1982; Bartley ~ a1., 1985; Grant ~ al., 1987; Berg and 
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Gall, 1988), there are reports on lesser number of LOR 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 LOH 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. 

MO H and XOH in the present investigat ion showed two banded hetero

zygotes and single banded homozygotes. However, both enzymes have been 

reported as a dimer by some of the invest igators. (Clayton ~ ai., 1971; 

Johnson, 1975; Smith ~ ai., 1978; Grant and Utter, 1980; Smith and Jamieson, 

1980; Cruz ~ ai., 1982; Fujio ~ ai., 1983;" Bartley ~ .al., 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 

LOH. The above discuss ion shows clearly that lesser number of bands observed 

in some enzyme systems has not affected the interpretation of the results 

of the present invest igation. 

The major findings of the present invest igation are high genetic 

variability 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, II; G6PD-III; GDH-Ii; IDH-II; LDH-II 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-II, III; EST-i-IV; GDH-I; LDH-ill 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 away 

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 (D) 

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 (D) 

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 ident ity and distance existing among 

five populations of ~. longiceps tested in the present investigation may be 



Tab l e 10 
Pil lrctl cOln p.1ri. so ll of. va l ue s of GC l1 ctic.: hl c llt ity I I ) and GCI1 t:' li c Dl sta l1ce W) between 

Coehin, ClI licut, Mangalore , Mandapa m and Mad r [IS popu l llc1.o ns of Sa rdLne ll a l o nsi c eps 

S1. 
No . Locus CIIN/CCT CIINhlRE CHN IflDM CliN /r·li\S CC T/fiRE CCT /flDN CCT/ r·IAS fiRE/flOr·1 fiRE/r·1AS NDfl/r·I"S 

1. AOH I 0 . 9487 1. 0000 0.9363 1. 0000 0.9487 0.9993 0.9487 0 . 9363 l. 0000 0 . 9363 
2 . AO f! 1I 0 . 9986 l. 0000 0 . 9487 1. 0000 0.9986 0.9640 0.9986 0 . 9487 1. 0000 0.91.87 

3. AD I l. 0000 1 . 0000 1. 0000 l.OOOO I . 11000 I .11000 l. 0000 1 .00llO l. auuu I .Ollllil 
4. AO II 0 .936 ) o . (nil ) I).709H I) . 'J7'H, I . noon I ) . 'll I f) O.QM7H 0 . 9l l ') O. ')37 H U.H Ili B 
s. AO III 0.97414 0 . 9744 O. 22l,9 O.2:.U. Y I . QUOO 0 . 0000 0.0000 0 . 0000 0 . 0000 l. aooo 
6. EST I 0 . 9989 0.9718 0 . 9520 0 . 9520 0 . 959 5 0 . 9363 0 . 9363 0.9973 0.99 73 1. 0000 
7. EST Il 0.8321 0.8262 0.9806 0.8944 0.3750 0 . 707 1 0 . 4962 0.9207 0.9909 0.961.8 
8 . EST II I 0.9326 0 . 9 171 0.9602 0.9003 0 . 9992 0 . 794 6 0.996 7 0.7692 0.9992 0.7428 
9 . EST IV 0.9998 0 . 9036 0.9902 0 . 9795 0.8942 0 . 99)0 0 . 9749 0 . 8349 0.9714 0.9417 

10. G6P D 1 l. 0000 1 .0000 1 .0000 1 .0000 1..0000 I. . 0000 1 .0000 1 .0000 1 .0000 I .0000 
11. G6 PO I I l. 0000 1. 0000 l. 0000 1 . 0000 1. 0000 1. 0000 1.0000 1. 0000 1. 0000 l. 0000 
12. G6P O III 1.0000 1.0000 0.2942 0.6635 1. 0000 0 . 2942 0.6635 0 . 2942 0.6635 0.9103 
I ) . G6PO IV 1 . 0000 l. 0000 1. 0000 1.0000 l. 0000 1 . 0000 1 .0000 1 . 0000 1 . 0000 1.0000 
14 . G6PO V 1.0000 1. 0000 l. 0000 1 .0000 l. 0000 1. 0000 1 . 0000 1. 0000 I. 0000 l. 0000 

15. GOH I 0 .72 77 0.981 7 0 .9476 O.92 tt o. 8 1. ~O 0 . 4705 0. 1.011 0.8694 0.830 1 O. 9q 17 
16. GOII II 1),0000 1.0000 0 .1,1 91 I .0000 O. UllOO O . ')UHO 0.0001) 0.4 191 1. 0000 0. 1<19 1 

17 . lOfl I 1. 0000 1 . 0000 1.0000 1 .0000 1 . 0000 1. 0000 1.0000 1. 0000 l. 0000 1. 0000 
18. 10H I I 0 . 9953 1. 0000 0. 5011 1. 0000 0 . 99 53 0.5826 0.9953 0.5011 1. 0000 0 . 50 ll 

19. LOll I I . 0000 1. 0000 1.0000 1. 0000 1 . 0000 1. 0000 l. 0000 1.0000 1.0000 1.0000 
20. LOH 1I 1 . 0000 0.9767 0.8918 1 . 0000 0 . 9767 0 . 89 18 l. 0000 0 .9682 0.9767 0.89 18 
21. LOf! III 1.0000 0.9608 0.9434 t . 0000 n.Q6oR 0. 9/111, 1 .0000 I . 0000 o. qfl(l H O.q /, V, 

22. MOil I I .0000 O.7q :Ul 1 .0000 n. I} ' 'I I Il . 7 'I :' (, 1 . t II II III 0 . '11'1 1 n .7'1 ;) (, t) . 'II , H I II . \I , ') I 

23 . MI)II II 1 .ooon 1 .OOO() 1 • OliO!) , . (loot) 1 . 0000 1 • !HIt)!) 1 .l)lHH) 1 . (HHHI I .UUOO 1 .1l1l tlil 

24. XOH I 0. 8188 0.9543 0.9 543 0.9410 0.9530 0.9530 0.9648 1 . 0000 0 . 9991 0 . 999 1 
25 . XOH II 1 . 0000 1. 0000 1.0000 l. 0000 1. 0000 1. 0000 1. 0000 1 . 0000 1 . 0000 1. 0000 

G1 0.9265 0 . 9678 0.8661 . 0 . 935 1 0.9079 0.8539 0.9092 O.8 l.65 0 . 9338 0.g 180 

GO 0 . 0763 0.0327 0.1438 0.0671 0. 0966 O. 1579 0 .0952 0. 1666 0.0685 0 . 0856 

Ave r itge ge ne t lc ide nt i ty I n Sa rdine ll a t onciceps 0. 906 5 

Average genetic distance i n S a rdinet l a Longic e ps 0.0990 
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evaluated from the range of values obtained, 0.846-0.967 (I) and 0.033 0.166 

(0) (TBL.l0). In terms of these values, the populations drawn from Mangalore 

and Mandapam with 0.846 genetic identity and 0.166 genetic distance appeared 

to be the most distant or heterogeneous groups followed by Calicut-Mandapam 

and Cochin-Mandapam . These higher order of genetic distances are interest

ingly correlated to their comparable geographical distances. The highest 

genet ic distance. (0) being indicated between ~Iangalore popula tion in the 

west coast and Mandapam population in the east coast of India. This apparent 

order of higher correlation between distant populatioris continued between 

Calicut-Mandapam and Cochin-Mandapam but at lesser level between Calicut

Mangalore, Cochin-Calicut and Cochin-Mangalore (TBL.l0). The average 

genetic ident ity and distance values of three west coast populations could 

be calculated as 0.95 (I) and 0.065 (0) and be tween west coast and east 

coast could be calculated as 0.90 (I) and 0.1165 (0) from the Table 10. 

These values suggest that all the west coast populations have more genetic 

Similarity or less genetic distance than that of east coast. On the other 

hand, these two values between Mandapam and Madras populations, 0.918 

(I) and 0.0856 (0), 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 populations. 

However, more explanations are needed for the high degree of genetic differ

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 Chidambaram, 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-Mangalore population also appear to be real because signi-

ficant differences in the allelic frequencies at several enzyme loci were 

also noticed bet·ween 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 ~ ~ (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. Simi larly a reiatively low average genetic 

similarity coefficient (D=0.16) among popula tions 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 ~ a1. (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 Ne i'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 va riance 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 investiga tion 

is well between the average for conspecific populations and subspecies. As 

genetic identity values a re complementary to the genetic distance values, 

only the latter is discussed in detail. 

Interestingly, in contrary to the above discussed reports on range 81ld 

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 ~ al., 1980; Grant, 1986). A typical example in this 

regard is that of Smith e t 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 ~ al., 1991). They observed a range of 0.005-

0.0 10 to 0.888-1.086. The 0 values 0.888 to 1.086 were for two adjaeent 

populations. Another a typical range of genetic distance values of 0.092 to 

0.204 with an average of 0.152 was reported in mosquito fish populat ions 

(Hernandez-Martich and Smith, 1990). Vijayakumar (1992) also has reported 

o value of 0.152 in Mugil cephal us populations and has suggested tha t the 

populations of ~. cephalus have diverged into a level of genet ic 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 
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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 separa ted by just 320 kilometers 

only. However, the adjacent populations were isola ted by local oceanic con

ditions. Another interesting report on small D value is that of Ryman 

et al. (1979). They observed reproductive isolation with little genet ic diver

gence (0=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 reported 

for shore fishes separated by Ist~umus of Panama, though some of which 

showed morphological similar ity (Gorman ~ al., 1976; Gorman and Kim, 1977; 

Vawter et aI., 1980) as discussed by Rosenblatt and Waples (1986). 

Again, the above detailed discussion on reports of values of genet ic 

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 populat ions 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 (I) 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 fo r 

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 

.. 
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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 habi t of oil sardine between Born bay 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), Kakinada 

(Antony Raja, 19731,1) 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 populations along west

east coast. Besides, based on the observations on significant regional size

group differences, An tony 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 ~ a1. (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 investiga tion, 

the present report of existence of distinct genet ic 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 

. I 
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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 variabili ty 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.2l. 

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 0=0.9065) and Distance (0=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 Mangalore and Mandapam regions 

(TBL.l0). 



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 natural 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 populat 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 POPULA

TIONS . OF THE INDIAN OIL SARDINE, SARDINELLA LONGICEPS 

from Cochin, Calicut, Mangalore of west coast and Mandapam, Madras 

of east coast of India. Introduction, Review of Literature, Materials 

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 .§.. longiceps 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 published 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 data 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, 

IDH, LDH , MDH and XDH) present in oil sa rdine 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

pam, 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 0.2 1 in the species (TBL.5). 

c. The average number of alleles per locus varied from 1.2B in Cochin 

to 1.49 in Mandapam, giving a species average of 1.37 (TBL.B). 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 a llelic frequency differences between popula tions 

are: ADH-I, II; AO-II, Ill; EST-I-IV; G-6-PD-1lI; GDH-I, II; IDH-[[; 

MDH-I and XDH-/. Besides, allelic frequency differences at a single 

enzyme system like esterase (EST) or glutamate dehydrogenase (GDH) 

were sufficient to re veal 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) respect ively. The mean values for the species were 0.9 065 

(I) and 0.0990 (D) , suggesting that the populations compared 

are less identical and more distant than expected between inle~

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 GENERA.L 

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 com prised 

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, Mandapam and Madras. It 

was concluded that these 5 populations 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 populations of S. longiceps compared in the present 

im"estigation. The average values 0.9065 for genetic identity (!) and 

0.0990 for genetic distance (D) suggest that five populations of ~. 

long-iceps compared are not genetically identical. The lowest genetic 

identity (0.846) or the corresponding highest genetic distance (0 .1 66) 

occurred between Mangalore and Mandapam populations, the two almost 

farthest geographic regions among the areas compared (TBL.10 and 
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FIG.1). The final important informations discussed were the reports 

-
of earlier workers on the fishery and biology of oil sardine populations. 

The heterogenei ty 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, 

Mandapam 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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