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1. INTRODUCTION
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"

The Indian oil sardine, Sardinella longiceps, is a maj or

commercial fishery of India. The fishery presently exploited is

composed of populations drawn mainly from Mangalore/Karwar,

Calicut, Cochin and Quilon from the west coast.

caught from Mandapam and Madras on the east coast.

It is also

The oil sardine fishery is exploited and managed as unit

stock. In other words, it is assumed that the fishery is

supported by interbreeding populations. On the contrary, the

preliminary morphomeristic studies of its sample populations had

revealed that the fishery may be composed of two or more

heterogeneous populations (Devanesan and Chidambaram, 1943;

Prabhu and Dhulkhed 1972; Antony Raja, 1973). On the other hand,

it is well known that a thorough knowledge on the population

genetic structure of the fishery is essential for scientific

exploitation and conservation of any fishery resources. Besides,

a recurring problem inherent with the oil sardine fishery of

India is the short and long term fluctuations experienced in its

annual abundance. The probable causes of the problem remain

undetected and unexplained inspite of exhaustive information

available on its biology and fishery (Anon, 1979).

An important question associated with the above problems of

oil sardine fishery is that whether the fishery is composed of

geographically/genetically isolated heterogeneous populations.

The only investigation that has attempted to study the population

genetics of the species was that of Venkitakrishnan (1995). The
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biochemical genetic analysis of the polymorphic enzyme in the

above investigation revealed that populations of ~ lQngiceps are

heterogeneous in nature.

The objective of present investigation was to study the

population genetic structure of ~. lQngiceps by applying three

different basic population genetic techniques such as cyto­

genetics, non-enzymatic biQchemicalgenetics (general prQtein) and

morphomeristics/metrics. The reasoning behind choosing these

three basic methods may be explained as follows. Under the

concept of evolution, every species believed to be undercoinq

micro and macro evolutionary process, resulting in the expression

of significant genetic variations at levels of species specific

chromosome morphology/structure, gene controlled protein

structure and polygene controlled morphomeristics and metrics

(Ayala and Kiger, 1980).

Naturally, the best materials and methods to study the

genetic variability in the oil sardine Sardinella longiceps are

its chromosomes, proteins and morphomeristics/metrics present in

sample pQpulations of the species.

The findings of the present investigation are presented in

three separate chapters Cytogenetics, Biochemical genetics (Qnly

general proteins) and Morphometrics; starting with a review of

literature appropriate tQ each subject matter.



2. CHAPTER - I

CYTOGENETICS
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2.1 REVIEW QF LITERATURE

Every species has its own cytogenetic identity described as

its diploid chromosome number (2n) and species specific

chromosome morphology/structure. The current status of fish

cytogenetics, in terms of techniques, f ish karyology and

evolution of fish karyotypes was given by Rishi (1989). Fish

cytogenetics related to taxonomy and evolution was reviewed by

Manna (1989). A vital part of the cytogenetic studies is the

standardisation of the procedures for the preparation of the

karyotype of the species. A number of known techniques have been

applied and found successful in many fish species. A practical

problem in chromosome preparation of teleost fishes is large

number of chromosome and their srnaI L size compared to that of

other vertebrates (Gold, 1979).

Most of the fish cytologists follow the procedures

involving preparation of mi tot ic chromosomes from ac t i vely

dividing somatic tissues of live specimens or from embryos. The

soft organs such as kidney, spleen and liver have proved to be

good source of chromosomes (Davisson et al., 1972; Gold, 1974).

The earl ier work of Tj i o and Levan (1956) revol u t ioni sed

cytogenetic studies. In 1960, Wolf et al. I worked on cell

culture methodology reported by mammalian cytologist Nelson-Rees

et al. (1967). Wolf and Quimbly (1969) developed an innovative

method using cells cultured from suitable tissues of fresh water

and marine fishes.
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The most advanced technique for obtaining chromosomes from

the fish is from cuI tu red leucocytes. A series of papers by

Labat et al., (1967); Ojima et al., (1970) in carp and gold fish;

Heckman and Brubaker (1970) and Heckman et al., (1971) in gold

fish and trout; Kang and Park (1975) in Anguilla anguilla; and

Thorgaard (1976) in the rainbow trout have shown the advantages

of the leucocytes method. Another method employed successfully

is invitro cell culture. The review of this method was made by

Roberts (1964); Ojima and Hitotsumachi (1967); Gold (1979);

Ojima (1982); Blaxhall (1983); Hartley and Horne (1983).

In fish chromosome preparation studies, a popular procedure

followed is the method of giving colchicine injections to the

fishes and take squashes of the suitable tissue such as testes

(Roberts,1964; Ohno et al., 1965), kidney (Catton, 1951), corneal

and conjunctive epithelium (Drewry 1964; Sick et al., 1962) gill

epithelium (McPhail and Jones, 1966; Lieppman and Hubbs, 1969),

ernbryological material 1 ike, blastula of early embryo (Swa:rup,

1959; Simon and Dollar 1963), sectioning of testes (Nogusa, 1960)

growing various tissue invitro (Roberts I 1964; 1966; 1967.)

Eventhough, several methods have been put forward to obtain

chromosomes from different tissues, the direct or invivo method

has been found to give good result (McPhail and Jones 1966;

Stewart and Lewin, 1968; Denton and Howell, 1969; Gold, 1974;

Kligerrnan and Bloom, 1977; Chourrout and Happe, 1986; Reddy and

John, 1986; Cucchi and Baruffaldi, 1989, 1990; Gold et al.,

1990) .
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The method described by Kligerman and Bloom (1977) for

obtaining well spread metaphase from solid tissues of fishes was

reported to be superior to other methodologies, because it

produced high quality metaphases that can be located easily.

Earlier work on chromosome preparation for karyotyping by the use

of peripheral blood culture has been done by number of workers

(Ojima et al., 1970; Yamamota and Ojima, 1973; Legrande, 1975).

A culture technique described by Blaxhall (1983), using

separated peripheral blood lymphocytes from fish, yields well

spread chromosomes for karyotyping and banding techniques. The

method of chromosome preparation from lymphocyte culture of 30

Atlantic salmon was studied by Hartley and Horne (1984).

A recent invivo type methodology of chromosome preparation,

using phenylhydrazine and cobalt chloride were employed, (Cucchi

and Baruffaldi,1989). Fan and Fox (1990) developed a method for

the preparation of fish chromosomes from abdominal cavity fluid

cells.

The characteristics of fish karyotypes are often used for

taxonomic differentiation of species. Generally it has been

considered that karyotypes had undergone specific patterns of

rearrangements within different evolutionary lineages (White,

1973) . Hence, species specific karyotypic differences between

species are useful in systematic studies. For example, most

authors classified salmonidae species on the basis of one armed

and two armed chromosomes according to the guidelines of Levan

and Sandberg (1964). This species also showed intraspecies
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(Roberts, 1968; Gramme I tvedt, 1974; Barshene 1978) and even

intra-individual (Barshene, 1981; Hartley and Horne, 1984)

chromosome polymorphisms. Such a polymorphism is due to

Robertsonian translocations (Hartley and Horne, 1984,b). Though,

the number of chromosomes ranged from 54 to 60, the number of

arms (NF) was generally 72 (Boothroyd, 1959, and Roberts, 1968;

1970) .

The rainbow trout (Salmo gairdDtl.i') is the most extensively

studied fish for cytogenetics and it showed a great deal of

chromosome polymorphism of the Robertsonian type at both inter

and intrapopulations (Thorgaard, 1976; 1983; Hartley and Horne

1982; Ueda et al., 1983). Chromosomal number and polymorphism

present in rainbow trout, Atlantic salmon and brown trout were

well described by Hartley and Horne (1984). In many salmonid

species, the chromosomes which will undergo polymorphism due to

Robertsonian translocation have the common number of ann (NF)

(Allendorf and Thorgaard,1984; Hartley, 1987). The Q-band

chromosomal polymorphism (Phillips and Zajicek, 1982) and

chromomycin A3 chromosomal polymorphism (Phillips and Ihssen,

1985) were reported in lake trout and also demonstrated that

those polymorphism are heritable (Phillips and Ihssen, 1986;

Phillips et al., 1989).

Gold and Avise (1977) studied the karyotype of nine genera

of North American minnows (Cyprinidae). Later works (Gold and

Avise, 1977; 1984; Gold and· Amemiya 1986) have focussed on

karyotypic differentiation among North American cyprinid fishes.
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Amemiya and Gold (1988) examined variations of chromosomal NORs

among North American cyprinid species. Cataudella et al., (1987)

reported results of cytogenetic studies of six different stocks

of the common carp, Cyprinis carpiQ, from natural and artificial

environments in Italy. He studied karyotypes frQm sQmatic cells

and cultured bloQd cells, using G-banding, C-banding and NOR Qf

the Cyprinus carpiQ. The differences in chr ornoaome arm number

have been found between fishes of the family SalmQnidae from

EurQpe and NQrth America.

Karyological studies on nine genera o f Nor t h American

minnQws (Cyprinidae) by Gold and Avise (1977) revealed that all

had the diploid chr orno s orne number, 50. The h a Lp Lo i d (n)

karyQtype of 24 acrocentric chrQmosQme was found thrQughout

several diverse orders Qf the sub-class TeleQstei and appeared to

be the predominant karyQtype in recently evolved percifQrmes

(Roberts, 1964; 1967; DentQn, 1973). This led tQ the hypothesis

that the 24 acrocentric chromosome cQmplement may be ancestral to

all mode rn fishes (ohno , 1974). The chromosome numbers varied

f rom 58 t o 64 amonq r a i.nbow t rou t sampled f r om 29 Loca t Lons

ranging f r orn Alaska t o CalifQrnia (ThQrgaard, 1983). The

salmQnifQrm species were fQund tQ have higher chromosome number

(n=36) than cyprinifQrmi species (n=25), SimQn (1963) fQund that

the d i.p Loi.d chromoaorne number in five species of Onchorhypchus

ranged frQm 52 t o 74 and the arm number f r orn 102 t o 112.

Perhaps the karyQtypically mQre variable taxa is the genus Salroo.

Its chrQmosome numbers (2n) ranged from 54 tQ 80 and arm nUmber

ranged frQm 72 tQ 102 (SvardsQn, 1945; wright, 1955; Rees, 1957;
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Simon and Dollor, 1963; Roberts, 1967; 1968; 1970; Nygren

et al., 1968; 1972; Gold and Gall, 1975; Hartley and Home,

1984b), whereas, the North American region had NF = 72 (Boothroyd,

1959; Roberts, 1968~ 1970). Two spec i es of the same genus can

have identical chromosome number (2n) like Anguilla anguilla; 38

and Anguilla rQstrata, 38 (Sola et al., 1984); LepQrinus

elongatus; 54, 1". locustris; 54, L. striatus; 54 (Galet ti et aI.,

1984) Qr very different numbers SalmQ salar; 56 and Salmo trutta

80 (Phillips and Ihssen,1985).

Karyomorphology of more than 125 fishes of India has been

reported (Rishi, 1989). Most of the work on the chromosome of

teleost species has been reported in a series of papers by

Natarajan (1969; 1970); Subrahmanyam and Ramamurthy (1971).

Chatterjee and Mahjhi (1973) showed that both sexes of Mugil

parsia possess 48 acrocentric diploid chromoaome s and without

distinguishable sex c h r omo s orne s . Rishi (1973) investigated

eighteen marine teleosts belonging to fifteen diverse families by

using cyto l ogi.ca l methods. Nataraj an and Subrahmanyam, (1974)

studied on the karyotype of 16 teleost species bel onqi.nq to 15

families and 7 orders such as anguilliformes, cyprinifQrmes,

siluriformes, synbranchiformes, scorpeaniformes, perciformes and

tetroadontiformes. The somatic chromosomes of both sexes and

meiotic stages of the female fish Trichogaster faciatus were

described by Rishi (1975).
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Based on morphometric data of the metaphase chromosomes of

the kidney, Khuda-Bukhsh (1975) determined the diploid number of

both sexes of Puntis japonicus. Rishi (1976) described the

mitotic chromosomes of both sexes of Callichrom bimaculatus.

Khuda-Bukhsh and Manna (1977) carried out studies on somatic and

germinal chromosomes of aquarium fish Mollinesia latipinna.

Giemsa banding in fish chromosome have been done by Rishi (1979).

Karyomorphological analysis of somatic chromosomes of 3 female

species Mystus gulio, Eutropichithys vacha and Mastacembelus

armatus were carried out by Manna and Khuda-Bukhsh (1978).

Chromosomal homogenity of the cat fishes Heteropneustes fossilis

and Clarias batrachus were reported by Rishi (1978). Rishi and

Jaswant Singh (1982) studied karyotypic data on five estuarine

fishes, Etroplus suratensis, Glossogobius giuris, Mugil peigleri,

Tricanthus brevirstris and Strongglura strongglura. Das (1983)

reviewed the status of cytogenetic studies in marine fishes from

India. Out of 1400 species listed, the diploid number of

chromosomes range from 16 to 239. The modal number (2n=48) was

observed in 460 species. While diploid number of 46 was next in

frequency in about 225 species. About 140 species had the

diploid number of 50. The work on chromosomal evolution in

Indian murrels belonging to the genus Channa (Dhar and

Chatterjee, 1984) indicated the two chromosomal variety of Chaona

punctata with 2n number as 34 and 32.

Khuda-Bukhsh and Barath (1987) and Manna and Khuda-Bukhsh

(1977) showed that Cyprinus carpio and Labeo ~glbasu had distinct

diploid chromosome number of 100 and 50 respectively. Hybrid
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individuals of Cyprinus carpio Y..- Labeo calbasu contained 100

chromosomes. Karyotypic analysis of two Indian air breathing

fishes Channa punctatus and HeterQpneustes fQssilis revealed that

the diploid chromosome number was 32 and 56 respec.tively (Zhang,

1990). Studies on two Indian marine species, OtQlithus cuvieri

and Nibea diacanthus revealed a diploid count of 48 acrocentric

chrQmQsome in both species (Chakraborthy and Kagwade, 1989).

Several procedures are available for chromOSQme preparatiQn

frQm live somatic cells of different tissues o r from cultured

cells. The range of species specific chromosome number vary

extensively from 16-239. There is a remarkable variations of

chromosomal number at intra and inter-species levels. Majority

of the fish species have 48 (2n) chromosomes and the reaSQn Qf

which remains as a debatable issue. The chromosome number

between populations may also vary indicating some form Qf genetic

heterogenity within the species.
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2 .2. MATERIALS AND METIIQDS

2.2.1. MATERIALS

2.2 .. 1.1. Source of Experimental animal

The Oil sardine, Sardinella lQngiceps were cQllected during

1989-91 frQm CQchin, Calicut, MangalQre (West cQast) and Mandapam

(East coast). Live specimens were caught by both mechanised and

non-mechanised vessels from different stations. The gear types

used by non-mechanised vessels were gill nets, thanguvala and

shQre seine; and trawl nets by mechanised vessels. Samples frQm

Cochin were obtained by mid-water trawling Qf "Cadalmin" research

vessel o f CMFRI and that of local commercial trawlers.

Specimens cQllected at Mandapam was captured by shore seine.

2.2.2. METIIODS

Live specimens collected f r om Calicut, MangalQre and

Mandapam were brQught to the local labQratQry Qf CMFRI where it

was treated with cQlchicine. The treated and fixed tissues were

removed and placed in cold conditiQns. Then these tissues were

brought tQ the CMFRI labQratQry at CQchin, where it was prQcessed

fQr preparing metaphase plates.

Live specimens collected from CQchin area were brought tQ

labQratory at Cochin and kept alive until treated with

Colchicine. Then the desired tissue was removed for preparing

metaphase plates. All the tissues were proper Ly labelled and

stored for analysis.



PLATE 1 a. Test animal (Sardinella longiceps)

b. Test animal (Sardinella longiceps)
in the laboratory condition
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