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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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The process of analysis has been worked out on the basis of

following aspects (a) Pretreatment. (b) Colchicine treatment and

slide preparation c) Karyotype preparation.

2.2.2.1. Pretreatment:

The live specimens collected at Cochin, Calicut, Mangalore

and Mandapam were brought to the local laboratories of CMFRI

where the sample were kept alive before chemical treatment.

2.2.2.2. Colchicine treatment and slide preparation

For the standardisation of chromosome preparation

methodology, different known methods of cytogenetic studies were

applied. Modifications were also made in order to suit the test

species. The following methods were tested for standardisation

of methodology.

1. Denton and Howell (1969)

2. McPhail and Jones (1966)

3. Reddy and John (1986)

4. Le Grande and Fitzsimons (1976)

5. Chourrout and.Happe (1986)

6. Kligerman and Bloom (1977)

1. Denton and Rowell (1969):

Oil sardine of 5 cm. size was allowed to swim in a well

aerated beaker containing colchicine solution (0.01%) for 3

hours.. After 3 hours the animal was sacrificed and the gills and

kidney tissues were dissected out. The tissues were treated with
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hypotonic solution of 0.3% KCl (dissolved 300 mg. of KCl in 100

ml distilled water) for 20 minutes. The cell suspension obtained

was then centrifuged at 2000 rpm for about 5 minutes. The

supernatant was discarded, fresh fixative (methanol, glacial

acetic acid, 3:1 ratio) was added and the material kept in

refrigerator.

Before dropping the cell suspension on the slides, they were

removed from the refrigerator and allowed to reach at room

temperature. Suspensions were dropped from a height of 15 cm. on

to the slides which is chilled in 50% alcohol and ignited. The

slides were stained with Giemsa solution for 25 minutes. After

staining, the slides were rinsed in distilled water and dried.

The dried slides were stored in slide boxes for further

microscopic examination.

2. Mc Phail and Jones (1966)

The fish was given aD. 005% colchicine 1 mlllOO gram body

weight. This solution was inj ected into the anterior dorsal

musculature and allowed to reside in well aerated tank for 2

hours. Then the gill and kidney tissues were removed from the

sacrified fish. The tissues were hypotonised in 0.4% KCl at room

temperature for 30 minutes and stained in 2% Giemsa stain for 20

minutes. The stained tissue were shaken lightly on a clean slide

until a light slurry of cells was deposited on it. Large pieces

of tissue were removed. The slurry was immediately covered with

a clean cover glass and squashed manually using a rubber stopper.
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3. Reddy and John (1986):

The laboratory reared fishes were injected intramuscularly

with 0.005% colchicine (lml/100 gm body weight) and kept in well

aerated tank for 3 hours. The specimens were sacrificed and the

gill and kidney tissues dissected out. After cleaning the

tissues, it was transferred to 1% sodium citrate solution and cut

into small pieces. Incubation was done at room temperature for

30 minutes and then transferred to a glass tissue homogeniser and

gently agitated. After removing the large tissue particles, the

cell suspension was centrifugated for 5 minutes at 2000 rpm. The

supernatant liquid was decanted. About 4 ml of fixative

(methanol; acetic acid, 3:1 ratio) was mixed to the material and

allowed to stand for 20 minutes. The material was again

centrifugated before giving the change of fixative and kept under

refrigeration over night. The slides were prepared as in method 2.

4. LeGrande ad Fitzsimons (1976):

Collected oil sardines were given an intramuscular injection

of 0.005% colchicine (1 mll100 gm of body weight) _ After 3 hours

the fishes were sacrificed then kidney and gill tissues were

dissected out. The tissue was minced in 2 - 3 ml of 1.0% sodium

citrate solution at room temperature and allowed to stand for 30

minutes. After citrate treatment, the suspension was centrifuged

for 5-7 minutes at about 2000 rpm. The supernatant was decanted,

and cell button fixed with absolute methanol; glacial acetic acid

(3 :1) solution. After three changes in fixative, they were

stored in the refrigerator till the spreads were made. Before
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dropping the cell suspension on the slides, they were removed

from the refrigerator and allowed to reach the room temperature.

Suspension were dropped from a height of 15 cms, on to the slides

stored in chilled 50% alcohol and air dried. The slides were

stained in a Giemsa solution for 25 minutes.

5. ChQUrrout and Happe (1986):

The fishes were injected 0.005% colchicine into dorsal

muscle. The kidney and gill tissues were dissected out from

specimens after 3 hours of colchicine injection. Each tissue was

transferred to 2 ml of 0.4% KCl solution for 30 minutes at room

temperature. The tissue suspension was centrifugated at 2000

rpm, for about 7 minutes. The supernatant was decanted and the

fixative (methanol; acetic acid, 3: 1) added to the residue,

re suspended and kept for 25 minutes at about 700 rpm. The

supernatant was poured off and fresh fixative added. The mixed

material was stored in refrigerator. Before dropping the cell

suspension on the slides, they were removed from the refrigerator

and allowed to reach room temperature. Suspensions were dropped

from a height of 15 cm on to the slide stored in chilled 50%

alcohol and air dried. The slides were stained in a Giemsa

working solution for 25 minutes.

6. Kligerrnan and Bloom (1977):

The fishes were allowed to reside in a well-aerated tank

after an intramuscular injection of 0.001% of colchicine (1

mlllOO gm body weight of fish). After 3 hours the fishes were
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sacrificed by pithing and the kidney and gill tissues were

dissected out. Individual tissue were transferred to 10 times of

their volume of 1% sodium citrate or 0.4% KC1, hypotonic solution

for 30 minutes. The blood vessels, mucus, and other impurities

were removed. The tissues fixed in methanol glacial aceticacid

3: 1 solution by slowly adding the fixative drop by drop. Two

changes of fixative was done. The tissues were kept in a

refrigerator. After 1 hour the fixative was again changed. For

preparing slides, a few pieces of tissue were removed from the

fixative and touched to a piece of filter paper to remove excess

fixative. The tissue was then placed in an embryo cup and 5-8

drops of 50% acetic acid was added to it. The tissue was minced

gently for about 1 minute to form a cell suspension. This was

dropped on to clean, grease-free slide, warmed between 40°C and

50oC, using a pasteur pipette. Drop the suspension from a height

of about 8-15 cm and immediately after dropping, it was withdrawn

back into the pipette, leaving a ring of cells approximately 1 cm

dia, on the slide. Care was taken in applying the cells as too

many cells per ring will impede metaphase spread resolution. Two

to three rings were made on one slide. The slides were air dried

and stained in 2% Giemsa stain for 25-30 minutes. The fresh

slides were observed under microscope. Mounting of the slides

were done in DPX.

2.2.2.3. Karyotype preparation:

Metaphase plates of well spread chromosomes with distinct

morphology were used for karyotyping. Since the prints meant for



METHODOLOGY ADOPTED:

The fishes were allowed to reside in a well aerated tank after an intramascular

injection of 0.1 % colchicine(1 ml/1 00 gram body weight) and kept alive in a well aerated

tank for 2 to 2,5 hours. After this the fishes were sacrificed by pithing and the kidney

and gill tissues were dissected out. Individual tissue were transferred to 10 times

of their volume of 0.4% KCI, hypotonic solution for 30 to 40 minutes at low temparature.

The blood vessels, mucus and other impurities were removed. The tissues then fixed

in methanol glacial acetic acid 3:1 solution by slowly adding the fixative drop by drop.

Two changes of fixative was done. The tissues were kept in a refrigerator. After

1 hour the fixative was again changed. For preparing slides, few pieces of tissue

were removed from the fixative and touched to a piece of filter paper to remove

excess fixative. The tissue was then placed in an embryo cup and 5-8 drops of 50%

actic acid was add ed to it. The tissue was minced gently fo r about 1 minute to form

Cl cell suspension. This was dropped on to clean grease-free slide, warmed between

40°C and 50°C using a pasteur pipette. Drop the suspension from a height of about

8-15 erns and immediately after dropping, it was withdrawn back into the pif-i2tte, leaving

a ring of cells approximately 1 cm dia on the slide. Care was taken in applying the

cells as too many cells pe r ring will impede metaphase spread resolution. Two to

three rings were made on one slide. The slides were air dried and stained in 2%

Giemsa stain for 25-30 minutes. The fresh slides were observed under microscope.

Mounting of the slides were done in r~DX.
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karyotyping should be as large as possible without loss of

definition, prints with good magnification were used for the

study. The individual chromosomes were cut out from a

photographic print with good contrast. The homologous pairs were

arranged to a hard whi te paper according to the morphology and

total length.

2.3. RESULTS

A total number of 415, oil sardine specimens collected from

4 centres like Cochin (114), Calicut (101), Mangalore (100) and

Mandapam (100) were analysed by cytogenetic techniques. A total

of 1660 metaphase plates were prepared. Karyotype of the species

obtained from the four centres are shown in Plates NO.2 (Cochin),

Plate No.3 (Calicut) Plate No. 4 (Mangalore) and Plate No.S

(Mandapam) . The modal diploid chromosome number (2n) of the

species was 48 and it was observed in 74.79% metaphase from

Cochin; 78.61% Calicut, 79.15% from Mangalore and 77.31% from

Mandapam (Figure 2 & 3) All chromosomes were acrocentric in

shape with (2n) number 48 and an NF value of 48.

The total length of the chromosomes of the species samples

from Cochin, Calicut, Mangalore and Mandapam were 68.39 turn

(Table 1); 61.41 .um (Table 2); 68.54 jum (Table 3) and 61.36 ,urn

(Table 4) respectively. The 24th and 1st pairs of chromosome of

the species were having the minimum and maximum length

respectively in all the four centres (Table 1-4). The minimum ­

maximum length of paired chromosomes in Cochin, Calicut,
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Mangalore and Mandapam varied from 1.9762 pm to 3.8171 ~m (Table

1); 1.7432 ;um to 3.6687 turn (Table 2), 1.9632 /um to 3.8270 pm

(Table 3), 1.7398 pm to 3.6904 jum (Table 4) respectively. Again,

the minimum - maximum (24th pair - 1st pair) relative length of

paired chromosome for Cochin, Calicut, Mangalore and Mandapam

varied from 2.8892 to 5.5806 (Table 1), 2.8385 to 5.9738 (Table

2), 2.8640 to 5.583 (Table 3), 2.8349 to 6.0133 (Table 4)

respectively. A close comparison of chromosome length

characteristic values between regions showed very interesting,

apparently two distinct groups. The total length, minimum-

maximum range of length and minimum-maximum range of relative

length were closely comparable between Cochin and Mangalore (1st

distinct group) and these values between Calicut and Mandapam

(2nd distinct group) .



PLATE 2. Karyotype of Sardinella longiceps collected from Cochin
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Table 1. Total chromosome length and relative chromosome length
of Sardinella longiceps collected from Cochin.

Chromosome Total length Relative length Chromosome
Pair No. ( urn ± ) (% + S. D.) type

(x ± S.D.)

1. 3.8171 ± 0.1538 5.5806 ± 0.1230 A*
2 . 3.6551 ± 0.1820 5.3438 ± 0.1759 A
3. 3.4904 ± 0.2535 5.1030 ± 0.2049 A
4. 3.3740 ± 0.2900 4.9328 ± 0.2589 A
5. 3.3280 ± 0.2424 4.8655 ± 0.2318 A
6. 3.2646 ± 0.2867 4.7729 ± 0.2550 A
7. 3.2136 ± 0.2774 4.6983 ± 0.2638 A
8. 3.1027 ± 0.3201 4.5362 ± 0.3087 A
9. 3.0916 ± 0.3123 4.5199 ± 0.3120 A

10. 2.9923 ± 0.2484 4.3747 ± 0.2081 A
11. 2.9298 ± 0.2961 4.2834 .± 0.2817 A
12. 2.8288 ± 0.3190 4.1357 ± 0.3085 A
13. 2.7554 ± 0.3072 4.0284 ± 0.2586 A
14. 2.7236 ± 0.2861 4.9819 ± 0.2751 A
15. 2.7004 ± 0.2584 3.9480 ± 0.2341 A
16. 2.6324 ± 0.2529 3.8486 ± 0.2067 A
17. 2.6079 ± 0.2559 3.8127 .± 0.2141 A
18. 2.4336 .± 0.2068 3.5579 ± 0.2216 A
19. 2.4303 .± 0.2410 3.5531 ± 0.2385 A
20. 2.4014 ± 0.2263 3.5108 .± 0.1816 A
21. 2.3689 ± 0.2009 3.4626 .± 0.1764 A
22. 2.1584 ± 0.1803 3.1556 .± 0.1586 A
23. 2.1226 ± 0.2085 3.1032 .± 0.1837 A
24. 1.9762 ± 0.1907 2.8892 ± 0.1561 A

Total length = 68.39

*Acrocentric



PLATE 3. Karyotype of Sardinella longiceps collected from
Calicut
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Table 2. Total chromosome length and relative chromosome length
of Sardinella longiceps collected from Calicut.

Chromosome Total length Relative length Chromosome
Pair No. ( urn ± ) (% ) type

(x ± S.D.) ( x ± S.D. )

l. 3.6687 ± 0.4221 5.9738 ± 0.4028 A*
2. 3.5334 ± 0.6214 5.7535 ± 0.5821 A
3 . 3.3538 ± 0.4748 5.4611 ± 0.4480 A
4. 3.2979 ± 0.4117 5.3700 ± 0.3925 A
5. 3.1309 ± 0.4098 5.0981 ± 0.3824 A
6 . 3.0554 ± 0.4022 4.9752 ± 0.3517 A
7 . 2.9420 + 0.4205 4.7905 ± 0.3402 A
8 . 2.7955 ± 0.4146 4.5520 ± 0.3295 A
9. 2.7606 ± 0.4564 4.4951 ± 0.3012 A

10. 2.5926 ± 0.2658 4.2216 ± 0.2137 A
1l. 2.5707 ± 0.2551 4.1859 ± 0.2096 A
12. 2.4513 ± 0.3238 3.9915 ± 0.2514 A
13. 2.3979 ± 0.3008 3.9045 .±. 0.2183 A
14. 2.3429 + 0.2869 3.8150 ± 0.2276 A
15. 2.2951 ± 0.2794 3.7371 ± 0.2010 A
16. 2.2635 ± 0.2377 3.6857 ± 0.1976 A
17. 2.2094 ± 0.2690 3.5976 ± 0.1526 A
18. 2.1344 ± 0.2744 3.4755 ± 0.1687 A
19. 2.1109 ± 0.2488 3.4377 ± 0.1520 A
20. 2.0694 ± 0.2255 3.3696 ± 0.1450 A
21. 1.9385 ± 0.2812 3.1565 ± 0.1230 A
22. 1.9128 ± 0.2963 3.1146 ± 0.1058 A
23. 1. 8417 ± 0.2834 2.9989 ± 0.1824 A
24. 1.7432 ± 0.3445 2.8385 ± 0.2015 A

Total length = 61.41

* Acrocentric



PLATE 4. Karyotype of Sardinella longiceps collected from
Mangalore.
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Table 3 Total chromosome lengths and relative chromosome lengths
of Sardinella longiceps collected from Mangalore.

Chromosome Total length Relative length Chromosome
Pair No. ( urn ± ) (% ) type

(x ± S .D.) ( x ± S.D. )

l. 3.8270 ± 0.1539 5.5831 ± 0.1284 A*
2. 3.6534 ± 0.1838 5.3298 ± 0.1569 A
3. 3.4924 ± 0.2518 5.0950 ± 0.2304 A
4. 3.3744 ± 0.2896 4.9228 ± 0.2418 A
5. 3.3282 ± 0.2422 4.8554 ± 0.2038 A
6 . 3.2628 ± 0.2887 4.7600 ± 0.2587 A
7 . 3.2134 ± 0.2775 4.6879 ± 0.2436 A
8 . 3.1144 ± 0.3358 4.5435 ± 0.3291 A
9 . 3.0975 ± 0.3192 4.5188 ± 0.3087 A

10. 3.0678 ± 0.3966 4.4755 ± 0.3108 A
1l. 2.9237 ± 0.3026 4.2653 ± 0.2581 A
12. 2.8236 ± 0.3243 4.1193 ± 0.3074 A
13. 2.7603 ± 0.3022 4.0269 ± 0.2697 A
14. 2.7311 1:- 0.2788 4.9843 1:- 0.2516 A
15. 2.7058 1:- 0.2532 3.9474 1:- 0.2234 A
16. 2.6320 ± 0.2533 3.8397 ± 0.2031 A
17. 2.5162 ± 0.2471 3.7747 ± 0.2412 A
18. 2.5162 1:- 0.2770 3.6708 1:- 0.2625 A
19. 2.4349 ± 0.2538 3.5522 ± 0.2487 A
20. 2.4034 ± 0.2252 3.5050 ± 0.2070 A
2l. 2.3689 ± 0.2006 3.4559 ± 0.1539 A
22. 2.1434 ± 0.1"744 3.1269 1:. 0.1485 A
23. 2.1207 ± 0.2100 3.0938 1:. 0.1279 A
24. 1.9632 ± 0.1822 2.8640 ± 0.1585 A

Total length = 68.54

* Acrocentric



PLATE 5. Karyotype of Sardinella longiceps collected from
Mandapam.
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Table 4 Total chromosome lengths and relative chromosome lengths
of Sardinella longiceps collected from Mandapam.

Chromosome Total length Relative length Chromosome
Pair No. ( urn ± ) (% ) Type

(x ± S.D.) (x ± S .D.)

1. 3.6904 ± 0.48'74 6.0133 ± 0.4782 A*
2 . 3.4831 ± 0.5725 5.5755 ± 0.5263 A
3 . 3.3537 ± 0.4750 5.4647 ± 0.4530 A
4. 3.2972 ± 0.4124 5.3726 ± 0.4016 A
5 . 3.1296 ± 0.4111 5.0995 ± 0.4072 A
6 . 3.0386 ± 0.3934 4.9512 ± 0.3859 A
7 . 2.9356 ± 0.4269 4.7834 ± 0.4185 A
8 . 2.8375 ± 0.4224 4.6236 ± 0.4057 A
9 . 2.7640 ± 0.4530 4.5038 ± 0.4182 A

10. 2.5913 ± 0.2671 4.2224 ± 0.2537 A
11. 2.5694 ± 0.2563 4.1867 ± 0.2318 A
12. 2.4436 ± 0.3187 3.9817 ± 0.3078 A
13. 2.3965 ± 0.3C23 3.9050 ± 0.2574 A
14. 2.3446 ± 0.2851 3.8204 ± 0.2160 A
15. 2.2959 ± 0.2785 3.7410 ± 0.2091 A
16. 2.2381 ± 0.2350 3.6469 ± 0.2275 A
17. 2.2105 ± 0.2678 3.6019 ± 0.2439 A
18. 2.1353 ± 0.2739 3.4793 ± 0.2586 A
19. 2.1100 ± 0.2497 3.4381 ..:!:. 0.2139 A
20. 2.0674 + 0.2855 3.3681 ± 0.1954 A
21. 1.9426 ± 0.2756 3.1654 ± 0.2520 A
22. 1.9152 ± 0.2956 3.1207 ± 0.2491 A
23. 1. 8399 ± 0.2860 2.9980 ± 0.2549 A
24. 1.7398 ± 0.3480 2.8349 ± 0.3137 A

Total length = 61.36

* Acrocentric
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Table 5. Chromosome numbers in Clupeidae fishes. (Doucette and
Fitzsimons, 1988)

Species Reference

1. Alosa pseudoharengus

2. Clupea harengu~

48

52

54

48

52

66

Mayers and Roberts, 1969

Roberts, 1966

Skvortsova, 1975a, 1975b

54 68±2 Skvortsova, 1975a

3. Clupea harengus membras 54 69±1 Skvortsova, 1975b

4. Clupea harengus pallsi 52

52

54

58

60

58

Krysanov, 1978

Skvortsova, 1975a, 1975b;
Ohno et al., 1968; Ohno
et al. 1969

Krysanov 1978

5. Caspialosa kessleri

6. Dorosoma cepedianum

7. D.. petenense

8. Gadusia chapra

9. Brevoortia patronus

48

48

48

46

46

48

50

50

46

50

Vasil'yev, 1980

Fitzsimons and Doucette,
1981

Fitzsimons and Doucette
1981

Khuda-Bukhsh, 1979.

Doucette and Fitzsimons,
1988

10. :a. smithi 46 50 Doucette and Fitzsimons I

1988

11. a. tyrannus

12. Harengula clupeola

13. Sardinella melanura

46

28

44

50

52

52

Doucette and Fiizsimons,
1988

Doucette and Fitzsimons,
1988

Rishi, 1973

14. Sardinella longiceps 48 48 Present study
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2.4. DISCUSSION

The earliest studies in fish cytogenetics began with the

pioneering works of Retziat (1890) and Kastschenko (1890).

However,due to lack of reproducible techniques for obtaining high

quality metaphase spreads in large number of small fishes,

research on this regard made little progress until recent times.

As a result of advances in technical and technological

innovations of later period, many fish karyotypes have been

described and the informations were used increasingly in the

studies of evolution, cytotaxonomy, population genetics,

mutagenesis and aquaculture (Booke 1968; Denton 1973; Manna

1983). In the initial period, invivo method of chromosome

preparation was followed (Meredith 1969; Evons et al., 1972;

Stock et al., 1972, and Kligerman and Bloom 1977). This method

suffered from low mitotic index. Later, further improvement made

in the protocol for invitro chromosome preparation helped to make

rapid progress in cytogenetic investigations. (Labat et al. 1967,

Heckman and Brubaker, 1970, Heckman et al., 1971) In the

present investigation, the method of invivo chromosome

preparation of Kligerman and Bloom (1977) was adopted with

modifications according to the protocol of Reddy and John (1986).

The invivo method has got several advantages and some

disadvantages over the invitro method. Although both methods ·are

employed wi th varying success, each suf fers from certain

disadvantages. The invivo preparation method leads to sacrifice

the fish and the results may be affected due to varying changes
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in the physiological state of the test specimens. Though, cell

culture technique, invitro provides excellant mitotic index and

resolution of chromosome details, the required special laboratory

skills and equipments are not always available. Moreover, the

high cost of cellcul ture, for karyotyping a large sample of

adult fish would preclude its use in all but very specialised

laboratories. Since large number of adult individuals, had to

be examined for racial markers, in vivo method of chromosome

karyotyping was followed in the present investigation. The

general procedure adopted in the present study has also been

extensively followed in population cytogenetic studies of fishes

by others (Garcia et al., 1988, Moran et al., 1989).

However, the karyotyping of marine pelagic species like

Sardinella longiceps was a challenging job as it was vulnerable

to the IQboratory stress conditions. In all the experiments, the

fish could not be acclimatised to the laboratory conditions as

done easily in estuarine and freshwater fishes. However, keeping

the animals In well aerated sea water collected from the area

where from the fish was caught enabled to hold them alive for a

maximum of 48 hours. Due to its vigorous forward movement, the

snout hits the side of the container causing severe snout injury

and this ultimately leads to mortality of some specimens. Hence,

an attempt was made to complete the procedure upto the tissue

fixation in the fishing boat itself. Unexpectedly the results

obtained by this procedure were not promising because the

chromosomes appeared broken and deformed with fuzy edges due to

some unknown reasons. However, quality metaphase plates were
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obtained when tests were conducted in the laboratory conditions.

In this respect, various methods reported by others, were tried

for making readable metaphase plates (Mcphail and Jones 1966,

Denton and Howell 1969; Kligerman and Bloom 1977, Reddy and John

1986). Most of these methods employed deposition of cells on

slides followed by air drying or flame drying. The best results

were obtained by modifying and incorporating the essential steps

of colchicinisation, hypotonic treatment, fixation, cell

suspension preparation, deposition of cells and air drying

(Kligerman and Bloom 1977, Reddy and John 1986) .

Chromosomes with optimum contractions were obtained with

colchicine 0.1% solution (1 ml/100 gm body weight) exposure for 2

to 2-1/2 hours. Colchicine was used to arrest quickly

proliferating cell population at the metaphase stage. Shortening

of chromosomes was observed with a higher dose of colchicine or

longer duration of colchicine exposure (Denton 1973). A

variability of response to colchicine existed between individuals

in which some fish did not respond to the treatment, the reason

for which is unknown and such a phenomenon was also reported by

Gjedrem et al., (1977), Hartley and Horne (1983) and Chourrout

and Happe (1986) In this study exposure to hypotonic solution

(0.4% KC1) for 35-40 minute at low temperature gave better

results than that of the exposure compared to the 1% tri-sodium

citrate hypotonic solution. As a result most of the metaphases

formed were well spread and the chromosome morphology was quite

undisturbed and very clear (Plate 2). Hypotonic treatment
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carried out in cold condition had definite advantage since, cell

swelling was controlled and the chance of cell bursting was less

than that of the hypotonic treatment at room temperature.

However, inspite of all these satisfactory conditions, a few

individuals gave poorly spread metaphases, again the cause of

which is unknown.

Following hypotonic treatment, the tissues were fixed in

freshly prepared 3:1 methanol - glacial acetic acid solution. In

theory, the alcohol component hardens the tissue and also causes

shrinkage. The acetic acid component alternatively counteracts

some of the shrinkage caused by the alcohol and is desirable

because of its rapid penetrability (Humason, 19 79). The 4%

Giemsa staining solution with a pH of 6.8 yielded good results.

The pres~nt description of the karyotype in the Indian oil

sardine S. longiceps is the first report of its kind. The

observed modal diploid number of the species was 48, (NF 48) all

acrocentric in shape at Cochin, Calicut, Mangalore and Mandapam

(Plates 2-5) Analyses of the metaphases in S. longiceps further

revealed that there is no obvious differences between males and

females. Though, there are a few reports on the presence of

identifiable sex chromosomes in fishes (Lieder 1963; Chen 1969;

Ebling and Chen 1970; Uyeno and Miller 1971; Rishi and Gaur 1976;

Thorgaard 1977), the current concept holds that sex chromosomes

in fishes are in a low grade of differentiation and hence

morphologically not distinguishable (Dhar and Chatterjee 1984) .
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Literature reveals that karyotype informations for only 16

out of approximately 340 species of clupeiformes and elopiformes

are available. (Doucette and Fitzsimons, 1988) Table-5 shows

the summary of previous karyomorphological studies on clupeidae.

Though, vast number of fish species inhabit in a diversified

environmental conditions, the degree of karyotypic diversity is

surprisingly very low. A good percentage of species has 48

acrocentric chromosomes. hence, the diploid number 48 wi th

uniarmed chromosomes, has been suggested by many workers as

primitive among teleost fishes (Ohno 1970; Fitzsimons 1972;

Legrende 1975) or as the most fundamental karyotype of fishes

(Denton, 1973). It also appears to be the dominant karyotype in

the perciformes (Chiarelli and Capanna, 1973). This has lead to

the suggestion that 48 acrocentric chromosome complement may be

ancestoral.

Such wild assumptions on the evolutionary status of the

extant species based on their observed karyotypes have no

significance to the main objectives of the present study. Hence

a study of karyotype of s.. .lQngiceps and its populations was

undertaken from the view point of fisheries management of its

resources. To achieve the objectives, the species specific

chromosome number, its morphology, and intraspecies polymorphism

of chromosome number and its morphology were examined in the

sample populations of the species. In this respect the effort

spent in the standardisation of the methodology and its

application enabled to discover specific karyotype details on ~

lQngiceps.It is interesting to report that the species also has
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48 acrocentric chromosomes. All the three populations of the

species tested from the west coast and the fourth sample tested

from the east coast of India had identical chromosome number and

morphology (Plates 2-5, Table 1-4). This agrees with the reports

that polymorphism in chromosome number and morphology is not

common though not rare among fishes. (Allendorf and Thorgaard,

1984, Manna, 1989). A reason suggested for the rarity of fish

chromosomal polymorphism is that chromosomal rearrangements in

fishes tend to be fixed rapidly, perhaps, due to small effective

population size (Wilson et al., 1985).

Inspite of the presence of the same diploid chromosome

number (2n = 48) among many of the diverislfied fish species, the

phenomenon of intraspecies variations in the species specific

chromosomal number and morphology have been reported in some

species of fishes. Several studies have demonstrated the utility

of such chromosome polymorphism as a markers for cytogenetic

differentiation of fish stocks within the species (Roberts 1968;

Gold and Gall, 1975; Hartley and Horne 1982, 1984; Thorgaard and

AlIen 1987; Moran et al., 1989; Garcia et al., 1988; Fan and Fox

1990) .

In this respect the present discovery of polymorphism in the

total mean length and relative length of 48 chromosomes among the

four populations of the species S. longiceps is significant. Two

distinct type of chromosome lengths within the species, were

recorded (Table No.1-4). The total mean lengths of oil sardine

populations from Cochin (68.39) and Mangalore (68.54) were very



25

closely comparable. On the other hand the values of Calicut

(61.41) and Mandapam (61.3698) were another comparable type.

Naturally, these region or population oriented differences were

also reflected in the percentage of minimum maximum range of

relative lengths of paired chromosomes of these two distinct

groups. These values varied from 2.8349 6.0133 / 2.8385

5.9738 in Mandapam/Calicut groups to 2.8640 5.5831/2.8892

5.5805 in Mangalore/Cochin group. It may be reasoned that

measurements of chromosome lengths may be affected by variable

factors such as physiological state of the fish and experimental

condition existed at the time of taking the data. A close

scrutiny of these factors and the very nature of the data itself

help to reject the possibility that the observed difference were

due to certain artefacts.

It is true that samples from Calicut and Mangalore received

their colchicine immediately after they were caught where as the

samples from Cochin and Mandapam were administered the injection

after these were brought and kept alive at the respective

laboratories. The physiological stress occurred to the former

groups must have been different from the latter. On the contrary

what is interesting is, the chromosomal lengths of the samples

between Calicut and Mangalore (61.41/68.54) as well as that of

Cochin and Mandapam (68.39/61.36) themselves were different,

whereas closely similar values were shown between

Cochin/Mangalore (6B.30/68.54) and between Calicut/Mandapam

(61.4/61.36) though experimental conditions were different at

their places as discussed above. In other words, the higher
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chances of affecting the length values though existed between two

heterogeneous regions, it did not occur and hence, the observed

difference and lack of differences were due to natural facts and

not due to artefacts.

The above facts and figures supported the present conclusion

that some form of population genetic heterogenity exist within

the species, s. longiceps. Though, total lengths of chromosomes

are usually measured in fish cytogenetic studies, no reports of

comparison of such values between populations or any report on

significant differences indicating population/stock varieties

were come across by the investigator. However, it is interesting

to discuss a relevant report on the data presentee on the total

mean length of two samples of Channa punctata and their modal

chromosome numbers. Based on chromosome number (2n), the species

was differentiated ~. punctata variety A (2n=34), and~. punctata

variety B (2n=32). The data on total chromosome lengths, though

they were significantly different not reported as a marker for

differentiation of the varieties. The ~. punctata Variety A

showed a mean total length of 47.07 ~m and ~. punctata var. B a

total length of 39.74 /um (Dhar and Chatterjee, 1984). it may be

argued that the apparent higher total length of chromosomes of C.

~~ Var. A may be attributed to an extra pair of chromosome

(17th pair) possessed by ~. punctata Var A than that of ~.

punctata Var. B. Even if that additional length (0.88) produced

by the 17th extra pair is not considered, the value of the

chromosome length of the two examples will still continue to be
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significantly different. Besides, the minimum-maximum total

length range and percentage relative length of chromosomes of the

two sample also reflected significant difference of

karyomorphology of the varieties of the species ~. punctata.

Thus, the present report of significant differe~es of total

mean lengths, and relative lengths of chromosomes of oil sardine

populations is comparable to the above analysed data of C.

punctata. Ther~fore, it is recommended that total mean lengths

of chromosomes may be critically examined and used as a

karyomorphological marker for differentiation of genetic stocks

of marine as well as fresh water fish species.

The present observation of significant differences in the

total mean lengths of chromosomes of S. longiceps tested between

Cochin/Mangalore and Calicut/Mandapam were further corroborated

by morphometric and protein phenotype heterogenity of oil sardine

populations as observed in the other chapter of the present study

and the biochemical genetic heterogenity of Cochin, Calicut,

Mangalore and Mandapam oil sardine populations as reported by

Venkitakrishnan (1995).



3. CHAPTER - 11

BIOCHEMICAL GENETICS
(GENERAL PROTEINS)
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3.1. REVIEW OF LITERATURE

Many investigators have recommended and applied biochemical

genetic techniques for the identification of gene controlled

electrophoretic phenotypes of proteins and enzymes present in

different tissues of fishes. Then the analysis of the observed

genotypes and their allelic frequencies have been used as a basis

for stock identification (Crow and Kimura, 1970; Utter et al.,

1974; 1987) It is evident from different reports that general

proteins and some enzymatic proteins were useful for stock

identification programmes. Electrophoretic patterns of muscle

proteins have been widely used in fish systematics and

identification of its genetically different stocks (Tsuyuki

et al.,1967; Eckroat and Wright, 1969, Uthe and Ryder 1970; Smith

et al., 1980; Anderson et al., 1983; Menezes, 1990; Vijayakumar,

1992). Avise (1974) have reviewed systematic studies using

electrophoretic data and concluded that electrophoretic

techniques are extremely valuable tool for systematics.

The electrophoretic techniques and staining procedures for

detection of different kinds of protein systems published by

Smith (196B), Brewer (1970), Shaw and Prasad (1970) enabled

different researchers to discover and publish large volumes of

information on the electrophoretic characteristics of different

enzyme systems and some non-enzymatic proteins. The major reason

for worldwide application of biochemical genetic techniques

involving gel electrophoresis is the implication of genetic stock

concept in the fisheries management of commercially important
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fish resources (Moller, 1968; 1970; Utter et al., 1974; Allendorf

and Utter 1979) .

The very basis of search for different genetic stocks is the

concept of evolutionary processes occurring within the species.

The degree of evolutionary diversification between identified

discrete stocks may also be expressed in terms of genetic

identity and genetic distance measured according to the method

of Nei (1972). Its application in biochemical genetics of

populations was also explained using models '(Ayala and Kiger,

1980). Gordon (1947) is believed to have been the first to show

that reproductively isolated populations within the same species

of fish differed in gene frequency. Later improved biochemical

techniques were used to examine single protein markers, such as

esterase, haemoglobin and transferrin polymorphism in the

Atlantic cod, Gadus morhua (Sick, 1961; Moller, 1966; Jamieson,

1967) and tuna species, (Fujino, 1967; Fujino and Kang 1968a,

1968b)

The potential of simple proteins like that of muscle as

genetic markers was shown in different species of fishes. Starch

gel electrophoretic patterns of muscle myogen in the marine

species, Anoploma fimbria was first described by Tsuyuki et al.

(1965a). Large scale population studies of the cod Gadus morhua

revealed four variant patterns in its muscle extracts (Odense

et al., 1966). Studies on freshwater species also showed

intraspecific variation in muscle myogen patterns (Utter et al.,

1966; Tsuyuki et al., 1967). Electrophoretic and immuno-
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electrophoretic techiniques have demonstrated the presence of

codominant allelic variations in the serum proteins and their

genetic implications in the systematics and stock identification

of various cichlids (Avtalin and Wajdani, 1971; McAndrew and

Majumdhar, 1983).

Biochemical genetics of fishes have been reported by many

workers on pup fish (Turner, 1974) Minnow (Avise et al., 1975),

Mexican cichlids (Sage and Sealander, 1975); Rainbow trout

(Allendorf and Utter, 1979); Bone fish (Shaklee and Tamaru,

1981) i Brown trout (Ryman et al., 1979; Ferguson et al., 1981) i

Cuthroat trout (Busack and Gall, 1981) i Sturgeon (Phelps and

Allendorf, 1983); Atlantic herring (Rayman et al. 1984); Pacific

herring (Grant and Utter, 1984) using electrophoretic methods.

Electrophoresis was carried out using the water soluble muscle

proteins of six grey mullets (Mugilidae), caught off the

Mediterranean coast of Isreal (Herzberg and Pasteur, 1975).

Eight wild populations of high sierra golden trout, Salmo

aguabonita and one domestic stock of rainbow trout, Salmo

gairdneri were examined for biochemical variation in eight

proteins systems (Gall et al., 1976). Variation in eight systems

was detennined by at least 10 loci in both golden and rainbow

trout and all the alleles identified in rainbow trout were

observed as a electrophoretically identical phenotypes in golden

trout. Mangaly and Jamieson (1978) investigated genetic

variability in the natural populations of European hake by

tracing the geographic distributions.
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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 s t ud i.e s .

Thus major portion of literature available on modern fish stock

identification studies are based on enzyme allelic frequencies

(Hodgins et al., 1969; Northcote et al., 1970; Williscroft and

Tsuyuki, 1970; Wright and Atherton, 1970; Utter and Hodgins,

1972; Aspinwall, 1973; Utter et al., 1973; Allendorf et al.,

1976; Bailey et al., 1976; Mangaly and Jamieson, 1978; Busak et

al., 1980; Grant et al., 1980, Wishard et al., 1980; Winans,

1980; Ferguson and Mason, 1981; Shakle, 1983; Ryman, 1983;

Withler, 1985; Koljonen, 1986; Okazaki 1986; Utter et al., 1992).

Shaklee and Salini (1985) studied genetic variations in the

muscle proteins of Lates calcarifer. Utter et al (1987) outlined

the applications of genotypic and allelic data obtained by

electrophoresis in stock identification of fishes. Smith et al.,

(1989) reviewed the electrophoretic data on marine fishes in

relation to the stock concept. Electrophoretic technique has been

applied on stock identification for the commercially important

marine species (Wishard -Seeb and Gunderson, 1988; Jamieson and

Birley, 1989) on estimating the stock component of ocean caught

salmon (Beachmam et al., 1987; Utter et al., 1989). Shaklee et al.

(1989) proposed the genetic nomenclature for protein coding loci

in fish in order to promote and facilitate genetic studies in

fish.

The essence of the above review is that all tissue

proteins/enzymes are potential genetic markers and anyone or
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more markers may be selected and analysed by electrophoretic

method to study the genetic variability within the species and

among its populations. Considering all the inherent constraints

facing the present investigation, only muscle and eye lens

proteins were selected and analysed by simple discgel

electrophoresis method.

3 .2. MATERIALS AND METIlODS

3.2.1 Field collection

The population samples of Oil Sardine, Sardinella longiceps

were collected from four widely separated regions, Mandapam of

the east coast and Cochin, Calicut and Mangalore of west coast of

India (Fig. 1). These locations were selected considering

distributional abundance of the species in the region (Anon,

1979) .

The west coast population samples were obtained from purse­

seine nets of commercial vessels during 1988-1991. The east coast

sample was collected from shore seines and kept frozen until

transported to Cochin. Frozen fish samples from Calicut,

Mangalore, Mandapam were transported in ice box to the laboratory

within 12 hrs of collection. The ice preserved fresh sample from

Cochin was transported immediately to the laboratory. All the

collected samples were then stored in deep freezer until used

for analysis. The electrophoresis of proteins was completed

within one week of collection.
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3.2.2. Sample preparation

Tissue samples of eye lens and skeletal muscle of each fish

were dissected out from the thawed fishes in cold condition. Only

white muscle tissue was used for electrophoresis. These tissue

samples packed in aluminium foil and labelled properly were kept

over night at - 4oC. The cut out tissues were processed within

fourty eight hours. Just before every experiment, tissue samples

were allowed to thaw at room temperature. Homogenisation of

tissue was done in the cold double distilled water using Rerni

mechanical homogeniser. The homogenized tissue was centifuged

using refrigerated centrifuge at 5,000 rpm for 30 minutes. The

clear supernatant obtained was then used for electrophoretic

analysis.

The electrophoretic method followed for separation of

general proteins was according to the techniques of disc

electrophoresis (Davis, 1964). The details of reagents used and

procedures followed for electrophoresis are given below.

3.2.3. Reagents for stock solutions

1. Gel buffer (Tris-HCl pH 8.9)

TRIS

IN HCl

TEMED

36.6 grams

4.8 ml

0.26 ml

2. Tank buffer (Tris Glycine - pH 8.3)

Tris Buffer (0.05 M) 6 grams

Glycine (0.38 M) 28.6 grams
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All the buffer reagents were dissolved separately in double

distilled water (DDW) and made upto 100 ml. The pH of the

solution was checked with Toshiniwal battery operated pH meter.

The pH was adjusted by adding either HCl or 1 N NaOH solution as

required. The solution was filtered with Whatman filter paper and

kept in an amber coloured bottle at 4 0 C until used. The gel

buffer was used without further dilution. Just before use, one

part of tank 'buffer stock solution was diluted with nine parts

and the solution was used as tank buffer.

3. 40% Acrylamide solution

40 grams of acrylamide was dissolved in 100 ml of DDW (W/V)

and filtered through Whatman filter paper. The solution was

left at 40c in an amber coloured bottle.

4. 2.1% Bisacrylamide solution

2.1 gms bisacraylamide was dissolved in 100 ml DDW (W/V)

5. Ammonium per sulphate solution: 280 mg of ammonium per

sulphate was dissolved in 100 ml DDW (W!V)

6. 40% Sucrose solution

40 gram of sucrose was dissolved in 100 ml of DDW and kept

at 40c until used.

7. Marker dye (Bromophenol blue 0.1\)

100mg of Bromophenol blue crystals dissolved in 100ml of DDW

(W/V) 1 part of 0.1% bromophenol blue was mixed with same

part of 4% sucrose solution. Then the whole mixture was

diluted with DDW in 1:1 ratio n(V/V)
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3.2.4. Staining solution

1. 1 gram of amido black was dissolved in 1 litre of DDW (W/V).

2. Coomassive Brilliant blue 0.2%.2 grams of coomassive

brilliant blue was dissolved in a mixture of Methanol, DDW

and acetic acid prepared in 5:4:1 proportions.

3.2.5. Fixative

10% Trichloroacetic acid (TCA):-

200 grams of TCA was dissolved in 2 litres of DDw.

3.2.6. Destaining solution:

7% acetic acid solution.

3.2.7. Apparatus used

Cylindrical perspex tanks manufactured by M.C. Dalal and Co

with facilities to run 12 tubes at a time was used. A power pack

manufactured by Biochem Company (Model LK 890) was used for

supplying the power.

3.2.8. Procedure

The stock solutions, like, gel buffer, acrylamide/

bisacrylamide and ammonium per sulphate were brought to room

temperature before preparation of the gel. To obtain 7.5% gel,

3.5 ml of gel buffer, 7 ml of acrylamide, bisacrylamide, 3.5 ml

of DDW and 14 ml of ammonium per sulphate were thoroughly mixed.

Care was taken to avoid trapping air while preparing the gel. Gel
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tubes of 100mm length and 6mm inner diameter were carefully

inserted into the rubber grommet. The mixed solution was

carefully added with the help of a glass syringe to a height of

80 mm. Immediately, water was layered carefully above the gel by

a plastic syringe without disturbing the gel bed to a height of

about 2-3mm. The function of the water drop is to overlay the gel

solution so that it polymerises with a flat surface.

The gels polymerised in about 20-30 minutes at room

temperature. After polymerisation the water from the gel tube top

was decanted. The samples were applied by means of micropipette

over the gel. Sucrose solution containing marker dye was added to

the sample to separate the sample from the buffer and to ensure

a uniform flow of current. The gel tubes were then inserted into

the silicon grommets of the upper buffer tank reservoir in such a

way that the upper end of tubes were just above the lower surface

of the upper tank. The upper and lower buffer tanks were filled

with the tank buffer.

The upper tank was fixed to the lower tank of the

electrophoretic apparatus and the apparatus was connected to the

power pack. The power pack was switched on for 30 minutes before

connecting to the apparatus so as to get a uniform current flow.

The current was regulated to have a uniform flow of 12 milli

amperes for 10 minutes and then it was adjusted to 36 milli

amperes. The power was switched off when the marker dye had

migrated to about 5mm from the lower end of the gel. The run

usually takes 80 to 120 minutes at 40C. After the electrophoresis
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the gel tubes were removed from the grommets and then the total

length of the gel and migration distance of the marker dye were

measured. 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 tubes using a syringe without damaging the gels.

3.2.9. Staining procedure for general proteins

1. The protein present in the gel were fixed by placing the

gels in 10% trichloroacetic

minutes.

acid (TeA) solution for 10

2. The gels were stained in amido black solution for 10

minutes.

3. Destaining was carried out by soaking the gels in 7% acetic

acid until excess stains were thoroughly washed off from the

gel.

3.2.10. Standardisation of electrophoresis

The obj ective of standardisation was to evolve a sui table

standard electrophoretic procedure to obtain better separation

and resolution of muscle and eyelens tissue proteins of

Sardinella longiceps. Following experiments were conducted to get

a better separation and resolution of the proteins.

1. Tissue extraction

.
Tissue extract was prepared in both Tris buffer solution pH

7.5 and Double distilled water (DDW). Better resul ts were

obtained with DDW.
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2. Gel compositions

Different gel compositions were tested to get different pore

size of gels and to find out the one that gives better

resolution and separation of maximum number of bands. Best

results were obtained with 7.5% gel.

3. Buffers

A variety of buffer systems given in different literature

have been tried for standardisation. Of these, discontinuous

buffer system, Tris-glycine buffer pH 8.3 (Tank buffer) and

Tris - HCI, pH 8.9 gel buffer gave best results.

4. ouantityof sample for optimal resolution

Experiments were carried out to find out the optimum

quantity of sample which gave good resolution after

homogenising 100mg of tissue in 1 ml of DDW. Different

concentrations tried were 40 ,ul, 60 lul, 100 ,ul and 120 pI.

From the results, it was concluded that 60 pI for eyelens

and 60 pI for muscle tissue gave better separation without

trailing effect. The above described standardised methods

were followed for final electrophoresis of tissue proteins

studied in the investigation.
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3.3. RESULTS

3.3.1. Eye lens proteins

The electrophoretic patterns of eye lens proteins in

Sardinella longiceps population from Cochin, Calicut, Mangalore

and Mandapam were almost identical (Plate 6, Fig. 4). A total of

eight bands were present in all the specimens tested from all the

regions. The first band was seen at the point of application of

sample. The other seven bands migrated towards the anode at

different rates (Plate 6) If each band is assumed to be under the

control of an independent locus, eight loci may be responsible

for the observed patterns. All specimens tested showed four

strongly stained thick bands followed by three, lightly stained

narrow bands. Besides, the band at the cathode region was also of

narrow type.

3.3.2. Muscle Proteins

The electrophoretic patterns of muscle proteins in

Sardinella longiceps are shown in Plates 7,8 and Fig. 5,6. The

patterns could be differentiated into three types. The first type

consisted of a single, well stained band at the bottom of the gel

where the sample was applied. The second type consisted of two

large thick bands in all the samples except In Mandapam and

Calicut where an additional single banded phenotype also existed.

The third type consisted a group of lightly stained narrow bands

in most of the specimens. On the basis of presence or absence of

a particular band at a particular region five independent loci



PLATE 6. Disc gel electrophoretic pattern of eyelens protein
in S. longiceps

Fig. 4. Zymogram patterns of eyelens tissue of S. longiceps
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could be assumed to be present as shown in the Fig. 5,6. The

slowest moving protein fraction representing first locus remained

at the bottom of the gel. The region recognised as the second

locus showed two bands with identical migrations in all the

specimens of Mangalore and Cochin population samples and in some

specimens of Calicut and Mandapam sample. The second locus showed

some variations in the gel position of these two bands in certain

number of specimens indicating, some form of polymorphism at the

second locus in Calicut and Mandapam populations (Fig.S, 6). The

variation was mainly due to difference in the gel position of one

of these two bands (SF). Thus according to the comparative slow

and fast electrophoretic migratory nature of these two bands, the

two banded patterns in Mangalore, Cochin, Calicut and Mandapam,

could be designated as SF. The single banded phenotype was

designated as SS or FF depending on its migration rate (Fig.S).

A single narrow band (SS) appeared at the gel position 20 mm

appeared to be the product of a third locus in all the four

populations. A comparison of protein fractions moving faster

than that of third locus indicated bands of fourth and fifth

loci. The two banded and single banded phenotypes were present at

fourth and fifth loci in Mangalore whereas all the specimens in

Cochin and Calicut were two banded at these two loci. On the

contrary, all the specimens in Mandapam were single banded at

these two loci. Thus the fourth and fifth loci also appeared to

be polymorphic in the species. The protein fractions at fourth

and fifth loci were also designated as SF to indicate the double

banded phenotypes while on comparison, the single band phenotypes
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observed in Mandapam was equal to the SS at the fourth and FF at

the fifth locus (Fig. 5,6).

Thus an over all comparison of all these five apparent loci

in different populations of .s.. longiceps tested from Cochin,

Calicut, Mangalore and Mandapam indicated three polymorphic loci

(second, fourth and fifth) and two monomorphic loci (first and

third). Assuming the observed phenotype variations were due to

allelic variations at each of these three different loci, allelic

frequencies and expected genotype frequencies were also

estimated. The results are shown in Tables 6, 7. The

frequencies of Sand F alleles were equal in samples from Cochin

and Mangalore as these regions had only the presumed two banded

heterozygotes. The major reason for the occurrence of different

allelic frequencies at second locus in the populations of Calicut

and Mandapam was due to the presence of single banded SS and FF

phenotypes in addition to SF type at the second locus in the

respective regions (Fig. 5,6, Table 6) The presence of both two

banded and single banded phenotypes at fourth and fifth loci

produced its own allelic frequencies at Mangalore. The allelic

frequencies at the fourth and fifth loci also were equal in

Cochin and Calicut as only the assumed heterozygotes were present

in these two regions (Fig. 5, Table 6) The Mandapam population

on the other hand showed cent percent Sand F alleles at the

fourth and fifth loci respectively.

The significant differences in the phenotypic patterns and

their assumed allelic frequencies at one or more of the assumed
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loci in all the four populations suggest that these populations

are heterogenous. However, the question is whether these

phenotypic variations are genetic in nature. For this purpose

the observed phenotypic frequencies were compared with that of

the Hardy-Weinberg equilibrium condition to determine the nature

of the observed variations. The chi square values at all the

polymorphic loci in Cochin and at the second locus in Mangalore

were highly significant (Table 7). The obvious reason for such

significant deviation from the Hardy-Weinberg equilibrium

condition was due to cent percent heterozygote genotypes and lack

of homozygotes in the samples. The chi square values at the

fourth and fifth loci were just significant in Mangalore. The

chi square values were also highly significant at fourth and

fifth loci in Calicut / the reason being lack of homozygotes at

these loci. It is interesting to record apparently fixed alleles

at fourth and fifth loci in Mandapam populations.

As the observed-expected frequencies of protein phenotypes

were significantly different from that of Hardy-Weinberg

equilibrium condition, the observed variations in the muscle

protein phenotypes can not be considered as strictly genetic in

nature. However, these populations are phenotypically very

different among themselves. In this respect the Mandapam stock

is phenotypically very distinct from the other three populations.



PLATE 7. Disc gel electrophoretic pattern of muscle
of S. longiceps collected from Cochin
Calicut (B)

protein
(A) and

Fig. 5. Zymogram patterns of muscle Protein in S. longiceps
from Cochin (A) and Calicut (B)
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PLATE 8. Disc gel electrophoretic pattern of muscle protein
of S. longic~ collected from Mangalore
and Mandapam.

Fig. 6. Zyrnogram patterns of muscle proteins in S. longiceps
from Mangalore and Mandapam.
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Table 6: The estimated allelic frequencies at the assumed muscle
protein loci in S. longiceps

CENTRES
LOCUS ALLELES

COCHIN CALICUT MANGALORE MANDAPAM

1 S 1. 00 1. 00 1. 00 1. 00

2 S 0.500 0.180 0.500 0.813

F 0.500 0.82 0.500 0.188

3 S 1. 00 1.00 1. 00 1. 00

4 S 0.500 0.500 0.722 1. 08

F 0.500 0.500 0.278 0

5 S 0.500 0.500 0.264 0

F 0.500 0.500 0.736 1. 00
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3.4. DISCUSSION

3.4.1. General Protein

This is for the first time two tissue protein types of oil

sardine populations from Cochin, Calicut, Mangalore and Mandapam

have been compared in detail. The only previous report on the

electrophoretic patterns of general proteins in Sardinella

longiceps was concerned with simple differences in the number of

eyelens and serum protein bands from a particular region alone,

{Rao and Dhulkhed 1976; Dhulkhed and Rao 1976 and Menezes 1976,

1980). Rao and Dhulkhed (1976) observed three and four banded eye

lens protein phenotypes in just 10 specimens collected from the

region between Malpe and Cannanore. Dhulked and Rao (1976)

reported similar four, five and six banded serum protein

phenotypes in 23 specimens of S. longiceps collected from a

single region, about 15 km. north of Mangalore. Though these

phenotype variations in eyelens and serum proteins indicated

intraspecies polymorphism, Rao and Dhulkhed (1976) and Dhulkhed

and Rao (1976) concluded that these simple variations are

indicative of population genetic differences. Menezes (1976)

reported 10 eyelens protein components in S. longiceps whereas

Menezes (1976) reported a considerably different eye lens protein

patterns in .s.. longiceI;)s from Panaj i Goa, where pattern A with

seven fractions and pattern B with nine fractions were observed.

The details of the number of specimens tested or the number of

specimens under each pattern were not given in the report.

Menezes (1976) also concluded that seven and nine banded
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variation specimens of ~. longiceps belonged to genetically

different populations. On the otherhand, Menezes (1976) observed

seven banded serum protein patterns in all the specimens tested

from Panaji Goa on the observations of mere phenotype variations.

Their conclusions without proof for genetic variations were

misleading (George, 1980).

Inspite of the apparent regional differences in the overall

eyelens protein characteristics mentioned in the above

discussion, there appears to be certain comparison between the

eye lens protein patterns reported by Menezes (1976) and that of

the present investigation. The total number of eye lens protein

fractions observed in the present investigation were eight and

this is closely comparable to seven and nine banded pat terns

observed by Menezes (1976). On the otherhand, the report of four

and five banded eye lens protein patterns in S. longiceps by Rao

and Dhulkhed (1976) is significantly different from the patterns

reported by Menezes (1976, 1980) and that of the present

investigation. These contrasting differences are more pronouncing

between the reports of Rao and Dhulkhed (1976) and Menezes

(1976), when considering their protein separation medium were

identical cellulose. Hence, the first reasonable explanation for

the reported differences in the eye lens protein patterns in S.

longiceps tested by these different authors may be that these

regional populations are only phenotypically heterogenous stocks.

In this context, a comparison of eight banded eye lens

protein patterns in S. longiceps tested in the present

investigation from Cochin, Calicut, Mangalore and Mandapam
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produced very interesting informations. It is surprising to

observe the lack of polymorphism at the eye lens protein locus in

all the four regions of the present study whereas Dhulkhed and

Rao (1976) and Menezes (1976) reported polymorphic patterns even

from a single local region. As discussed earlier, a comparison

of eyelens proteins from all these different centres using a

single standard method can alone solve the problems associated

with the contrasting results produced by different authors.

The phenomenon of monomorphism or absence of eye lens

protein variations is not uncommon in fishes. Absence of

intraspecies eye lens protein variations were also reported in.

Atlantic mackeral Scomber scombrus L. (Smith and Jamieson, 1978)

and Indian mackeral (Menezes 1986). On the otherhand,

intraspecies variation in eye lens proteins were reported in some

fishes like brook trout Salvelinus fontinalis (Eckroat and Wright

1969) I and Mugil cephalus (Vijayakumar 1992) .

3.4.2. Muscle protein

The species specific electrophoretic patterns of muscle

protein were reported as early as 1953 by Cornell in several

fishes. Later the species specificity and biochemical genetic
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nature of electrophoretic patterns of muscle protein were

reported in many fishes (Tsuyuki et al., 1966).

The genetic inheritance of muscle protein patterns were also

reported by interspecific hybridisation experiments (Tsuyuki and

Roberts, 1965). The first report of intraspecies muscle protein

variation in a marine fish species may be that of Anoplomoma

fimbria (Tsuyuki et al., 1965a). In marine fishes like Atlantic

Salmon, Salmo salar (Nyman, 1967) and Walleye Pollock (Uthe and

Ryder, 1970).

The recent report of intraspecies muscle protein variation

in marine fish species were that of Chanos chanos (Winans, 1980)

Atlantic eel (Jamieson & Turner 1980) Lates calcarifer (Salini

and Shaklee, 1988) and Mugil cephalus (Vijayakumar, 1992).

The present observation and report of intraspecies muscle

protein polymorphism in £. longiceps collected from Cochin,

Calicut, Mangalore and Mandapam is the first of its kind for the

species. The allelic frequencies estimated at three assumed

polymorphic loci, namely Pro (M) IT, Pro (M) IV and Pro (M) V

showed significant differences among the three populations from
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the west coast (Cochin, Calicut, Mangalore) as well as between

west coast and the east coast (Mandapam) at one or more loci

examined. Mandapam population was distinct in having monomorphic

phenotypes at Pro (M) IV and V loci whereas the west coast

populations were polymorphic at the same loci (Table 6). The

presence of one or more fixed alleles in one population and

polymorphic nature at the same loci in another population can be

considered as a sure sign of their distinct stock structure

(Jamieson, 1974) The heterogenous are Cochin and Calicut

populations, having allelic frequency differences only at one

locus. The above conclusion is also supported by data on enzyme

patterns studied by Venkitakrishnan (1995).

Published reports on the application of electrophoretic

patterns of muscle protein variation in genetic stock structure

analysis are only few. Significant differences in the

frequencies of muscle protein alleles were reported in different

populations of the pacific hake (t1erluccius productus (Utter,

1971) Chanos chanos (Winans, 1980) Lates calcarifer (Salini &

Shaklee, 1988). The range of significant differences reported in

these populations for the major allele was 0.730 to 0.982/ (M.

Productus), 0.68 to 1.00 (Chanos chanos) and 0.821 to 1.00 (Lates
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calcarifer) . The range of allele frequency considered to be

significantly different in all these cases which was about 0.25

to 0.30 between the populations to separate them as genetically

different stocks. In the present investigation, the range of

differences of major alleles in four populations were 0.180

(Calicut) to 0.813 (Mandapam) considering F allele and 0.5

(Mangalore/Cochin) to 0.82 (Calicut) of the second locus

considering F allele I 0.5 (Cochin) to 1.0 (Mandapam) considering

S allele of the fourth locus and 0.5 (Cochin) to 1.0 (Mandapam)

considering F allele of the fifth locus. Compared to the

significant allele frequency ranges discussed above in European

hake (Utter 1971) I Chanos chanos (Winans,1980) and Lates

calcarifer (Salini and Shaklee, 1988) some of the range of allele

frequency differences between certain populations of ~. longiceps

examined here are highly significant (Table 6). However, the

question is whether the observed and assumed allelic frequency

differences are due to genetic stock differences.

In population genetic analysis, a comparison of observed and

expected genotype frequency distribution for the polymorphic loci

is usually done for estimating the genetic nature of the

polymorphism and also to evaluate the degree of chi-square values

and their significance (Ayala and Kiger, 1980). The chi-square

values obtained in the present case was highly significant at the

second locus in Cochin and Mangalore at fourth and fifth loci in

Cochin and Calicut. In all these regions excess of heterozygotes

caused highly significant chi-square values. The major reason
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for excess of heterozygotes was due to the presence of cent

percent heterozygotes in Cochin, Calicut and Mangalore. However,

it is interesting to observe non- signif icant chi - square values

for the second locus in Calicut and Mandapam.

It is well known that Hardy-Weinberg equilibrium condition

between observed and expected genotype frequencies is expected to

occur in a particular population which is not affected by the

effects of selection, mutation, migration and genetic drift etc.

The occurrence of non equilibrium condition due to excess of

homozygotes or heterozygotes is not a rare phenomenon in fishes,

crustaceans, and molluscs as reported by many investigators. For

example, excess of homozygotes were reported in fishes like

anchovies (Dally and Richardson, 1980), milk fish (Winans, 1980),

European mackeral (Smi th et al., 1981), Sharks (Laver i and

Shaklee, 1989) I Marine prawns (Philipsamuel, 1987) and marine

molluscs (Singh and Green, 1984) Mugil cephalus (Peterson and

Shehason, 1971), Newzealand snapper (Smith et al., 1980) lake

white fish (Imhoff et al., 1980) Lake trout (Dehring et al.,

1981) Atlantic Salmon Salmo salar (Sthal, 1987) and Mugil

cephalus (Vij ayakumar, 1992). Though it is impossible to

point out the exact mechanism that leads to the occurrence of

excess of heterozygotes in a population sample, possible reasons

for the presence of excess of heterozygotes may be suggested.

The phenomenon of heterosis particularly produced by two

different strains can lead to the formation of excess of

heterozygotes of a particular locus. A comparable heterozygotes

advantage present in a population at a biochemical genetic locus
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like muscle protein can cause excess of heterozygotes production

as observed in the present investigation. It may be due to other

reasons like small number of parents during the breeding process

(Sthal, 1987). duplication of locus (Stoneking et al., 1981) as

referred by Dherring et al., (1981) The role of environmental

factors probably affecting genotype of frequency distribution was

also suspected. A typical example was the excess of

heterozygotes in abyssal populations of the fish Sebastodes

alutes at two loci while normal heterozygosity in shallow water

populations (Ponniah, 1989). As majority of sixteen polymorphic

loci in the same populations of S. longiceps (Venkitakrishnan,

1995) were in Hardy-Weinberg equilibrium condition, the question

of small number of parents (Sthal, 1987) or abyssal population

effect does not arise in the case of L longiceps investigated

here. Moreover, these loci which produced excess of

heterozygotes in a particular population sample also showed

normal distribution of different genotypes in another population

(Table 6). Therefore, it may be difficult to isolate the probable

causes that produced excess of heterozygotes at a particular

muscle protein locus in S. longiceps.

The significant deviation from the Hardy-Weinberg

equilibrium condition shown by the expected phenotype or the

assumed genotypes at the second locus may indicate either a non­

Mendalian genotype distribution or some other unknown genetic

pattern inherent at this second locus.
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Though the sex and maturity of the specimen tested for the

general protein phenotype pattern in different populations were

not recorded and therefore, the patterns could not be correlated

to these two parameters, all the specimens tested were of uniform

size range 15.5 to 18.9 cm. and therefore, there is every

probability for the occurrence of both sexes in the sample. If

the observed two banded patterns were correlated to either sex or

size variations, only two banded patterns were expected in

Mandapam and Calicut samples. On the other hand, both one and

two banded phenotypes were present in these two areas at the

second locus. Therefore, the observed differences in the

phenotype patterns may not be due to sex or size dependent

effects.

In biochemical genetic analysis of population structure, it

is mandatory that as many loci as possible are to be compared

before genetic discreteness of two populations is considered. In

the present investigation the biochemical genetic analysis of S.

longiceps was restricted to loci represented by general proteins

tested of muscle and eyelens proteins. However, out of these two

protein systems muscle protein alone showed polymorphism. Again

out of the five loci possibly present in muscle tissue, only

three showed polymorphism. The sole reason for restricting the

analysis only to two protein system was due to a stricture to be

accepted during the allocation of the research problem.

The present biochemical genetic interpretation on the

population characteristics of S. longiceps populations compared
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from Cochin, Calicut, Mangalore and Mandapam is interestingly

comparable with that of morphometric analysis done for the same

populations. The principal component analysis indicated the

presence of populations with statistically significant

morphometric differences of Calicut, Mangalore and Mandapam

regions. These detail s are further discussed in the chapter

concerned and general discussion section of the present report.



4. CHAPTER - III

MORPHOMETRies
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4 . 1 . REVIEW OF LITBRATURE

The earliest report on study of morphomeristic variability

among fish populations was that of Heincke, (1898). He

discovered significantly different vertebral counts among the

European herring populations examined. Then, studies of Schmidt

(1917) suspected the role of the environmental factors on the

vertebrate variability as reported by Heincke (1898). Later

morphometric variability based on body parts such as length,

depth, and width of fish, body and that of head and tail regions

were described by Hubbs and Lagler (1947). Meanwhile it. was

suspected that these measurements were related to the overall

growth history of the fish because there appears to be distinct

stanzas in the growth history of fishes, hence any comparison

should be made within the same life history stanza (Martin,

1949) .

Several authors felt that all rnorphometric and meristic

characters also may be influenced by the environment (Dannevig,

1932; 1950; Martin, 1949; Barlow, 1961; orsaka , 1963; Villwock,

1963; Gross, 1977; Fowler, 1979; Kirpichnikov, 1981; Winans,

1984; Vanderbank and Ferreira, 1986; Meyer, 1987; Currens et al.,

1989; Beacham, 1990).

On the other hand the effect of physiological and epigenetic

constraints on morphology of fishes of response to certain

environmental parameters such as temperature and oxygen are

poorly understood (Martin, 1949; Gould, 1977; Reide, 1978;

Stanley, 1979; Bock, 1980; Todd et al., 1981).
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It was argued that phenotypic variation in these characters

has not been directly related to particular differences in the

genome (Clayton, 1981) Moreover, morphological characters

represent the synergism between shape and size and the level of

differentiation between stocks may be more subtle than that

commonly seen between most species of fish and is also strongly

affected by allometry (Huxley, 1924; Gould, 1966; Sweet, 1980).

Hubbs (1928) felt that some characterist ics of the species

that lived in a new area would be altered by the environment and

adaptive changes would become genetically fixed. On the contrary

genetically influenced morphological differences between

populations were also reported in non-salmonoids (Barlow, 1961)

and salmonoids (Ricker, 1972; Riddell et al., 1981, Taylor and

McPhail, 1985 i Swain et al., 1991).

The proof of the genetical basis of differentiation of races

is based on the so called nquetelets lawn which assumes that race

is genetically homogenous (Heincke, 1898).

Meanwhile, many morphometric characters like pectoral fin

width, head length, pelvic fin height, peduncle height and

position of fins were found useful in racial studies of many fish

species like Stripped bass Roccus saxatilis (Lund, 1957) Pacific

herring. Clupea harengus pallasi (Meng and Stocker, 1984) Coho

salmon, Oncorhynchus kisutch (Taylor and McPhail, 1985) Arctic

charr Salvelinus alpinu8 (p~tington and Mills, 1988) Common carp..
Cyprinus capriQ (Corti et al. I 1988) Yellow fin tuna Thunnus

albacares (Schaefer, 1989) Lake white fish CQregonu8 clupea
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fQrmis (KristQffersQn and C'lay t on , 1990) and Brown trout SalmQ

trutta (Karakousis et al., 1991). According t o Meng and

Stocker (1984), the Lrnpo r t a n t; mor phorne t r i c characters are

pectoralfin width, head measures, pelvic fin height, peduncle

height and pQsitiQn Qf fins.

Though the cont.rove r sy on the suitability of morphorne t r i c

and meristic variability as phenotypic markers fQr racial studies

exist, these characters have cQntinued tQ be used by many wQrkers

as pot.errt i.al pheriot.ypi.c markers for races (Casselman et al.,

1981) .

In the early periQd Qf morphQmetric studies, cQmparisQn Qf

body parts were made on the basis of r at i os and statistical

techniques, like, least squares, regressiQn analysis and

cQvariance analysis (Saila and JQnes, 1983). MQttley (1941) seems

to have been among the first to utilize covariance analysis in

the cQmparisQn Qf regressiQns based on morphQmetries. One of the

exhaustive bivariate mor phome t r i c c ornp a r i s on s was made by

Hennemuth (1959) Qn skipjack tuna.

Natural variatiQns in the bQdy shape of fishes/shellfishes

have becQme a strong base fQr mQrphQmetric analysis of

popuLa t Lons (Saila and .rones , 1983). Multivariate analysis of

the scale shape vectors was applied fQr stock identification Qf

walleye in Lake Erie (Riley and Carline, 1982).
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The truss network analysis of Strauss and Bookstein (1982)

describes a geometric protocol for morphometric character

selection and systematic coverage of the body form. Siegel

(1982) and Siegel and Benson (1382) have described resistant

fitting regression techniques better than least square

regression.

According to Sokal and Rinkel (1963) geographic variation is

not likely due to the adaptation of a few characters to single

environmental variable but a multidimentional process involving

the adaptation of many characters to a myriad of interdependent

environmental factors. Hence a better understanding of

morphological variations may be achieved by thoroughly examining

the patterns of variance and co-variance among as many characters

as possible in a data set using multivariate statistical analysis

(Gould and Johnston, 1972; Reyment et al. I 1981; Thorpe, 1976;

1983, 1987)

Multivariate analysis of morphometric data sets usually

identify size and shape difference among individuals as well as

groups. Size is defined not as single character but as a factor

that can predict any distance measuremcnt (Humphries et al. I

1981) . Shape is defined as a specific relationship among

characters as described by specific correlations, +, or 0 I

between the characters a measure of geometry (Winans, 1987) For

most of the stock identification works, shape discriminators were

preferred. There are three general approaches for removal of

size influence in analysis of shape - ratios, regressions and



57

multivariate analysis. The division of a character by a measure

of size, say fork length will produce a size free measure of that

character (Thorpe, 1976). According to Humphries et al. (1981)

that these ratios only remove the effect of the one variable, eg:

fork length from the measurement. Another possibility for

producing size free, shape components is through multivariate

analysis such as discriminate function and principal component

analysis. The recommendation of Humphries et al., (1981) is to

apply principal component analysis, Where in individuals are not

assigned to prior groups, thus permitting group differences to be

discovered.

The significant aspect of morphological characters are that

they are polygenetically inherited but individually have low

heritability and subjected to considerable environmental

plasticity. Thus multivariate analysis of many sets of

phenotypic characters are regarded as a more appropriate method

than the use of single character for determining the extent to

which populations or species may be genetically diverse (Smith

and Chesser, 1981) The mul tivariate methods I 1 ike I principal

component analysis have been proposed as an efficient tool for

stock identification in fishery management programmes (Winans,

1985; McCrimmon and Claytor /1986).

According to Saila and Jones (1983) it is important to

recognise that these morphometric measurements are related to the

overall growth history of the fish. The morphometric measurements

appear to be distinct stanzas in the growth history of fishes
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(Martin 1949). According to Corti et al., (1988), the principal

component analysis does not require a prior recognition of groups

and if there are several groups, data is pooled irrespective of

groups. Further the detection of variation between strains of

common carp (Cyprinus carpio) suggested that multivariate

morphometrics could represent an appropriate and convenient tool

to detect variation between stocks. (Cataudella et al., 1987 )

The method allows the characterisation of samples spanning

several life history stages based on a dynamic relation between

size and shape. It is important to note that the optional

procedure for size adjustment in morphometric analysis is

currently a matter of debate (Rohlf and Bookstein 1987; Rohlf,

1990) .

principal component analysis computes a set of uncorrelated

composite variables called principal components (PCs) from a

variance - covariance (or correlation) matrix (Dunn and Everitt

1982). According to Campbell and Atchley (1981) and Green

(1976), geometrically PC-I is thought to lie parallel with the

largest axis in the hyperdimensional cloud of data. The PC-II is

independent of PC-I and it lies perpendicular to the axis of PC­

I. Each PC is linear combination of the variables and is defined

by a vector of coefficients and an eigenvalue. Humphries et al.,

(1981), described and illustrated a multivariable method called

shear analysis for removing size from PC scores and vectors.

Swain et al., (1991) performed a PC analysis to find out

morphological differences between hatchery and wild populations

of Coho salmon Oncorhynchus kisut~ using sheared principal
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component of the correlation matrix of the unadjusted data and

led to the same conclusions as the PC analysis of adjusted data.

Copeman (1977), Sail a and Jones (1983) suggested that the case in

which growth differences were observed, only fish with the same

age and life history can be used and no correction for length is

required.

According to Meng and Stocker (1984) over lapping of nearby

samples might be an expression of mixing of different

subpopulations.

The application of new nillltivariate morphometries for fish

stock identification will probably undergo a new upsurge since

many of the previous limitations of bivariate and even

multivariate methodologies have been eliminated in the new

techniques. In short I the improved method of morphometric

studies and analysis should help one to draw a better conclusion

than ever before on the population structure of the species

(Saila and Jones, 1983).

Considering the efficiency of the multivariate methods in

the analysis of the inherent polygenically expressed

morphological variability, the method was also applied in the

present investigation. The details of the morphometries

investigated and the results obtained are given in the following

section of the thesis.
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4 .2. MATERIALS AND METHODS

The samples, of S. longiceps were collected from Cochin,

Calicut, Mangalore and Mandapam (Fig. 1) The morphometric and

meristic data were collected according to the guidelines given by

Anon (1960). The twentyfive parameters measured are given below:

(Fig.7) .

1. Dorsal normal length LN

2. Ventral normal length LN1

3. Midcaudal length LF

4. Standard length LS

5. Body length LB

6. Maxillary sheath length UJ

7. Mandibular length LJ1

8, Snout length UO

9. Orbital diameter 001

la. Pre-anterial dorsal distance DD

11. Pre-pectoral distance UP

12. Pre-ventral distance DV

13. Dorsal fin base length DD1

14. Pre-anal distance UA

15. Anal fin base length AA1

16. Pectoral fin length Ph

17. Anal fin height Ab

18. Dorsal caudal fin length Ch

19. Ventral caudal fin length Ch1

20. Length of the head LG
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21. Pre-dorsal distance LD

22. Pre-pectoral distance LP

23. Pre-ventral distance LV

24. Pre-anal distance LA

25. Weight of fish WT.

The four morphomeristic characters studied were number of

dorsal fin rays, number of anal fin rays, number of ventral

fin rays and number of pectoral fin rays.

A total of 306 fishes representing the 4 sampling stations

were measured and the morphometric data collected were analysed

statistically using correlation coefficient and principal

component analysis.

Principal component analysis

method described by Winans (1984).

in the programme are as follows:

was done according to the

The analytical steps involved

1. Correlation matrix

2. Principal component analysis

3. Principal scores

4. Plots of scores I Vs I1

5. ANOVA for each components.

Correlations between the 25 characters were computed using

the correlation matrix of the pooled data for all the centres I

then principal component analysis was carried out. Since the

first 3 PC's explain a major portion of the variations among
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subjects with regard to the characters considered these 3 PC's

were used for further analysis. The PC's scores were computed

for each subject by summing the products of each character value

with corresponding PC coefficients. To see the discrimination,

the PCI score was plotted against the PC 11 score. Individual one

way ANOVA was then carried out to see the differences between

centres independently with each PC scores.



Fig.' Morphometric characters and acronyms used for s. longiceps
stock separation analysis.

u o d o
I

D N

L J v A

I. Do r s a l normal length LN 16. ['ectoral fin l on c t h ['!,

2. Ventral n o r rna l length LN l
1 7 . f\ n Cl 1 fin h c i 9 h t fdl

3. Mid-caudal length LF

Standard length LS

18. Dorsal caudal fin length Ch

19. Ve n t r a I caudal r t n length Chi

Pre-anal distance LA

Pre-ventral distance LV

24.

23.

22. pre-pectoral distance LP

~,O. Length or the head IG

21. Pre-dorsal distance LD

Body 1 ength L£3

Orbital diameter 00 1

5.

6.

7.

9.

Maxillary sheath length UJ

~~ndibular length LJ l

8. Snout length UO

10.

11.

Pr~-onterial dorsal di~tance UD

Pre-pectoral distance UD
25. ~"ei9ht of fish \"(,

12. Pre-ventral distance UV

13. Dor!-al fin base Lcn q t b DOl

14. Pre-anal distance UA

15. Anal fin base length AA 1
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4.3. RESULTS

4.3.1. Morphometries

Table 8 shows the mean and standard deviations of

morphometric characters in four sample populat ions of £.

longiceps and Table 9 explains the correlation matrix of

morphometric characters. These values were further transformed

into three principal component values (PCs) (Table 10). Using

the correlation matrix of the pooled data for all the four

centres, Principal component analysis was carried out. Since the

first three principal components explained about 85% of total

variability existing between individuals and samples, further

analyses were restricted to these 3 PCs. The PC scores were

computed for each of the 25 character value with corresponding PC

coefficient (Table 11). Scores of PC-I were then plotted against

the PC-II to project the possible discrimination graphically

(Fig. 8). No clear discrimination existed among the four centres

as a whole. Therefore, individual one-way analysis of variance

(ANOVA) was carried out to bring out inherent discrimination

between particular centres like Cochin and Calicut / Cochin and

Mangalore, Cochin and Mandapam, Calicut and Mangalore and also

Calicut and Mandapam with reference to PC score. The results of

the ANOVA are given in Tables 12/ 13 and 14 .

The first one way ANOVA analysis explained 49% of the total

variability of 25 morphometric characters existing among four

sampling centres (Table 12). The results of the second one way

ANOVA analysis explained another 20% of the total variability
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(Table 13). Similarly, results of third one way ANOVA analysis

explained another 15% of the total variability (Table 14). The

degree of variability produced by these second and third ANOVA

analysis were significant among all the four centres tested

except between Calicut and Mandapam. In short, morphological

characters of Cochin population differed significantly from that

of other three populations whereas Calicut populations differed

significantly only from that of Cochin and Mangalore population.

Mangalore population also differed significantly from that of

other three populations. On the contrary, it is interesting to

note that the oil sardine populations from Calicut and Mandapam

appeared to be morphologically similar. These considerable

morphological differences as well as lack of difference between

the centres were also reflected in the minimum maximum PC

scores computed for each centres as shown in the Table 11. The

Minimum - maximum values of PC scores between Calicut and

Mandapam were more closely comparable than between any other two

centres.

4.3.2. Meristics:

The number of rays of fins were counted in samples of oil

sardine from Cochin, Calicut, Mangalore and Mandapam. The number

of rays were similar in all the four centres (Table 15) .



Table 8. Mean and standard deviation of Morphometric characters of Sardinella
longiceps collected from difrerent centres (in ems).

Characters Cochin
(N~84)

Calicut
(N~7 2)

Mangalore Mandapam
(N=79) (N=7l)

1.

2.

3 •

4.

'i .

fi •

7.

R.

9.

Dorsal normal length (LN)

Ventral normal length (LN)

Mid caudal length (LF)

Standard length (LS)

Rody length (LB)

Maxillary sheath length(UJ)

Mandibular length (LJ)

Snout length (UO)

Orbital diameter (00)

14.43
( 2 .015)

14.58
(1.998 )

12.65
(1.816)

12.42
(1.763)

11.76
(1.672)

2.12
(0.256)

3.59
(0.566)

1. '53
( 0.183)

0.80
(0.115)

15.69 16.73
(1.078) (1.331)

15.78 16.71
(1.062) (1.3~4)

14.11 15.13
(0.936) (1.213)

13.40 14.23
(0.860) (1.384)

12.84 13.76
(0.859) (1.108)

2.lI) 2.27
(0.117) (0.17ll

3.92 4.13
(0.252) (0.391)

1.25 1.41
(0.106) (0.306)

0.85 0.92
(0.597) (0.125)

15.82
( 0 .981 )

16.59
(1 .6 BO)

14.18
( 0.883)

13.86
(1.403)

13.43
(1.262)

2.23
(0.511 )

4.01
(0.419 )

1. 21
( I) • 121 )

0.R7
(0.062)

10. Pre-anterior dorsal distance (UD) 5.83
(0.592)

6.27
(0.467)

6.76
(It. 616)

6.42
( 0 • 489 )

11. Pre-pectoral distance (UP

17. Pre-ventral distance (UV)

13. Oorsalfin base length (DOl)

14. Pre-anal distance (UI\)

l'i. I\nalfin base length (1\1\1)

16. Pectoral fin length (Ph)

17. Anal fin height (I\h)

18. Dorsal caudal fin length iCh)

19. Ventral caudal fin length (Cl)

20. Length of the head (Lr,)

21. Pre-dorsal d i s t a n ce Ct.n )

72. Pr-e-pector-al distance (LP)

23. Pre~ventral distance(LV)

24. Pr-e--anal distance (LA)

2';. Weight of fish (Wt)(gms)

3.84
(0.5971

6.97
(1. (04)

1. 68
(0.259)

9.67
(1.411)

1. 56
(0.250 )

1. 99
(0.250)

0.86
(0.195 )

2.77
(0.481)

3.26
(0.304 )

4.46
(0.406 )

4.02
(0.679)

7.14
(0.989 )

10.63
(0.921 )

28.79
(2.762 )

4.14
(0.30ll

7.53
(0.4 QO )

1. 76
(0.176)

10.52
(0.772 )

1. 81
( 0 .210)

2.14
(0.04 )

0.86
(0.914 )

3.00
(0.310 )

3.17
(0.303 )

6.55
(0.419)

4.30
(0.254 )

7.66
(0.492)

10.70
( 0 . 649)

32.66
(7.209)

4.14
(0.672 )

8.01
(1.06 )

1. 96
(0.207 )

11.42
(1.039)

1. 94
(0.309 )

2.23
(0.187)

0.97
(0.894 )

3.16
(0.346 )

3.48
( 0.391 )

'j.21
(0.878 )

6.93
(0.684)

4.61
(0.584 )

8.27
(0.700 )

11.16
(1.893)

40. 11
(8.666 )

4.43
(0.390 )

8.15
( 0 • BJ 9 )

2.01
( 0.175 )

10.27
(0.705 )

1. -f 4
( 0.179)

2.15
(0.132)

0.84
(0.059)

3.08
(0.236)

3.30
( 0.325)

5.12
( 0 . q 98 )

6.70
(0.497)

5.07
( 0 . 461 )

7.98
«() . 5 41 )

10 . 23
(0. fi77)

29.'\3
(4.5:'7)
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Table 10. Principal component values (PC I, PC 11 and PC Ill) of
morphom~ric Characters of Sardinella longiceps
collected from 4 centres (1. Cochin, 2. Calicut; 3.
Mangalore; 4. MandapaUl)

Characters

1. Dorsal normal length

2. Ventral normal length

3. Mid caudal length

4. Standard length

5. Body length

6. Maxillary sheath length

7. Mandibular length

8. Snout length

9. Orbital diameter

10. Pre-anterior dorsal distance

11. Pre-pectoral distance

12. Pre-ventral distance

13. Dorsal fin base length

14. Pre-anal dist~nce

15. ~nal fin base length

16. Pectoral fin length

17. Anal fin height

18. Dorsal caudal fin length

19. Ventral caudal fin length

20. Length of the head

21. Pre-dorsal distance

22. pre-pectoral distance

23. Pre-ventral distance

24. Pre-anal distance

75. weight of fish

PC I

0.268

0.271

0.264

0.262

0.244

0.229

0.093

0.259

0.269

0.023

0.171

0.214

0.265

0.065

0.268

0.166

0.240

0.076

0.220

0.057

0.139

0.119

0.176

0.146

0.084

PC IT

0.ln7

0.105

0.119

0.135

0.157

0.064

0.361

0.10S

0.107

0.343

0.106

0.279

0.108

0.362

0.116

0.180

0.089

0.202

0.150

0.143

0.357

0.212

0.264

0.172

0.068

PC II!

0.084

0.053

0.103

0.085

0.094

0.151

0.155

0.162

0.076

0.385

0.038

0.021

0.020

0.354

0.187

0.239

0.054

0.422

0.028

0.272

0.136

0.320

0.721



Table 11. The mi.rrimum-max.imurn Principal components
morphometric Characters of Sardinella
collected from different centres

scores of
longicips

Characters PC I PC 11 PC III

COCHlN Min. 19.33 17.90 14.23

Max. 42.60 36.79 32.55

CALICUT Min. 26.53 23.84 22.49

Max. 38.21 34.33 31. 63

MANGALORE Min. 25.89 23.27 21.44

Max. 42.24 37.96 34.97

MANDAPAM Min. 26.04 24.99 23.03

Max. 37.32 34.33 31.76
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Table 12: First Principal component scores of 4 centres computed
based on 25 morphometric characters. Centres are 1.
COCHIN 2. CALICUT 3. MANGALORE and 4. MANDAPAM
respectively. Total variance explained by this PC
component is 49\ of the total variability.

RESULTS OF QNE-WAY ANOVA WITH EOUAL/UNEQUAL REPLICATIONS

Grand mean
No. of treatments

Treatment means:

32.832
4

Tr.No.

1.
2.
3.
4.

30.586
31.939
35.427
33.499

ANQVA

SOURCE DF SS MS F

TREATMENTS 3 1045.344 348.448 33.45

ERROR 303 3156.500 10.417

TOTAL 306 4201.844

Treatments 1 and 3 differ significantly (SE = 0.506)

Treatments 1 and 4 differ significantly (SE = 0.518)

Treatments 2 and 3 differ significantly (SE = 0.526)



Table 13: Second Principal component scores of 4 centres computed
based on 25 morphometric characters. Centres are 1.
COCHIN 2. CALICUT 3. MANGALORE and 4. MANDAPAM
respectively. Total variance explained by this PC
component is 20% of the total variability.

RESULTS OF ONE-WAY ANOVA WITH EQUAL/UNEQUAL REPLICATIQNS

Grand mean 29.950
No. of treatments: 4

Treatment means:

Tr.No.

1
2
3
4

28.136
29.721
31.904
30.149

ANOVA

SOURCE DF SS MS F

TREATMENTS 3 584.500 194.833 21.46

ERROR 303 2751.000 9.079

TOTAL 306 3335.500

Treatments 1 and 2 differ significantly (SE = 0.484)

Treatments 1 and 3 differ significantly (SE = 0.472)

Treatments 1 and 4 differ significantly (SE = 0.484)

Treatments 2 and 3 differ significantly (SE = 0.491 )

Treatments 3 and 4 differ significantly (SE = 0.491)



Table 14: Third Principal component scores of 4 centres computed
based on 25 morphometric characters. Centres are
1. COCHIN 2. CALlCUT 3. MANGALORE and 4. MANDAPAM
respectively. Total variance explained by this PC
component is 15% of the total variability.

RESULTS QF QNE-v/AY ANQVA WITH EQUAL/UNEQUAL

Grand mean 27.390
No. of treatments: 4

Treatment means:

Tr.No. ~

1 25.334
2 27.508
3 29.264
4 27.612

ANOVA

SOURCE DF SS MS F

TREATMENTS 3 636.891 212.297 21. 93

ERROR 303 2933.641 9.682

TOTAL 306 3570.531

Treatments 1 and 2 differ significantly (SE 0.500)

Treatments 1 and 3 differ significantly (SE ;::; 0.488)

Treatments 1 and 4 differ significantly (SE 0.500)

Treatments 2 and 3 differ significantly (SE ;::; 0.507)

Treatments 3 and 4 differ significantly (SE 0.507)



Table 15: Morphomeristic details of S. longiceps collected from
Cochin, Calicut, Mangalore and Mandapam

Meristic characters COCHIN CALICUT MANGALORE MANDAPAM

Dorsal fin rays 11 11 11 11

Ventral fin rays 9 9 9 9

Pectoral fin rays 17 17 17 17

Anal fin rays 16 16 16 16
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4.4. DISCUSSION

The application of intraspecific morphomeristic, phenotypic

variability in the identification of races, stocks or genetically

meaningful management units in fish populations was started as

early as in the late 19th century when Heincke (1898) reported

different local races of European herring on the basis of

differences in vertebral count. Similarly, the hypothesis that

fish species may be naturally broken up into genetically isolated

groups or races was put forward at the very early stage of the

Counsel Permanent International Pour Exploration de la Mer

Meeting (Heincke, 1902).

However, studies of Schmidt (1917) on herrings suspected

that the local variation in vertebral number was induced by the

environment. He suggested that the appropriate tool would have

to be one that was not affected by the environment, and that the

idea of local phenotypic races may be abandoned in favour of a

much larger genetic unit. Several authors felt that morphometric

and meristic characters in fishes seem to be influenced by the

environment (Dannevig, 1932; 1950; Martin, 1949; Barlow, 1961;
o,

Orska, 1963; villwock, 1963; Gross,
~

1977; Fowler, 1979;

Kirpichnikov, 1981; Winans, 1984; Vanderbank and Ferreira, 1986;

Meyer 1987 i Currens et al., 1989; Beacham, 1990) Others

favoured the usefulness of statistical properties of phenotypic

frequencies as a reliable guide to understand the

particularly, about population genetics of organisms.

biology,

Thus, an

unsettled difference was generated between biologists and
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statisticians (Province, 1971). Proof of the genetical basis of

different races was based on the so called "Quetelets law" which

assumed that (Heincke, 1898) a race is a genetically homogenous

group of populations of the species. On the contrary several

marine species were divided into heterogenous groups that spawn

at different times and places and which also showed morphological

and ecological differences.

However, the merit of morphometric and meristic characters

in stock identification, was doubted by the fact that phenotypic

variation is not directly related to particular differences in

the genome (Clayton, 1981). Moreover, the effects of physio­

logical and epigenetic constraints on morphology in response to

certain environmental parametre such as temperature and oxygen

are poorly understood (Martin, 1949/ Gould, 1977/ Reide / 1978/

Stanley, 1979/ Bock, 1980, Todd et al., 1981). Though the

controversy on the suitability of morphometric and meristic

variability as phenotypic markers for racial studies existed,

these characters continued to be used by many works as phenotypic

markers for races (Casselman et al., 1981). In this background

the opinion of Hubbs (1928) is worth considering. As an

extension of the idea of Baldwin (1896) / Hubbs suggested that

species new to an area would be altered by the environment and

that differences being associated with adaptive changes would

become genetically fixed. Meanwhile genetically influenced

mox-phological differences between populations were reported in

salmonoids (Ricker / 1972; Riddell et al. / 1981; Tayler and
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Mc Phail, 1985, Swain et al., 1991) and nonsalmanoids (Barlow, 1961;

McPhail, 1984).

According to the perspective of Sokal and Rinkel (1963)

geographic variation is not likely due to adaptation of a few

characters to a single environmental variable but a

multidimentional process involving the adaptation of many

characters to a myriad of interdependent environmental factors.

Thus a better understanding of morphological variations may be

achieved by thoroughly examining the patterns of variance and co­

variance among as many characters as possible in a data set using

mul tivariate statistics (Gould and Johnston, 1972; Reyment et

al., 1981; Thorpe, 1976, 1983,1987) Multivariate analysis of

morphometric data sets usually identify size and shape difference

among individuals as well as groups. Size is defined not as

single character but as a factor that can predict any distance

measurement (Humphries et al., 1981). Shape is defined as a

specific relationship among characters as described by specific

correlations, +, -, or 0, between the characters-a measure of

geometry (Winans 1987). For most of the stock identification

works, shape discriminators are preferred. There are three

general approaches for removal of size influence in analysis of

shape, ratios, regressions and multivariate analysis. The

division of a character by a measure of size, say fork length

will produce a size free measure of that character.

According to Humphries et al., (1981) that these ratios only

remove the effect of the one variable, eg: fork length from the
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measurement. Another possibility for producing size free shape

components is through multivariate analysis such as discriminate

function and principal component analysis. Moreover, principal

component coefficients are essentially the co-variance of the

measurement on the component axis, and are thus amenable to

biological interpretation. Thus multivariate analyses of sets of

phenotypic characters are regarded as a more appropriate method

than the use of single character for determining the extent to

which populations or species may be genetically diverse (Smith

and Chesser, 1981). The multivariate methods like principal

component analysis was proposed as an efficient tool for stock

identification in management programmes (Winans 1985, McCrimmon

and Claytor, 1986)

In the present study twenty five morphometric measurements

were statistically compared for discriminating heterogenous

populations of Sardinella lQngiceps distributed in the east and

west coast of India. In the past, rnos t of the morphorne t rd c

investigations were based on the selection of characters as

described primarily by Hubbs and Lagler (1947). In the recent

past few rno rphome t r i c characters have been described that are

useful to racial studies in clupeoids (Meng and Stocker, 1984).

In these traditiQnal mQrphQmetric methQds length, depth and width

of fish shape, primarily, of the head and tail regiQns are

measured. According t o Meng and Stocker (1984) the important

characters are pectQral width, head measures, pelvic fin height,

peduncle height and position of fins. Hence, in the present
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study sufficient number of such desirable characters were

included to derive maximum shape differences between populations.

The positive aspect of morphometrics is that the basic

mechanism of the expression of the phenotypes is controlled by

polygenes (Ayala and Kiger, 1980). Hence, depending on the degree

of variability and its statistical significance the observable

phenotypic variations between individual populations can be

interpreted as due to genetic factors to considerable extent.

Thus a large number of investigators have utilised morphometric

and meristic variability of different species including fishes

for identification of racial and sub species differences within a

species. Maj or examples are fish species like Arctic charr,

Salvelinus alpinus (Partington and Mills, 1988), stripped bass,

Roccus saxatilis (Lund, 1957), Pacific herring, Clupea harengus

pallasi (Meng and Stacker 1984) coho salmon Oncorhynchus kistich

(Taylor and Mcphail 1985) common carp, Cyprinus carpio (Corti

et al., 198 B) .

Harris (1975) suggested that if the number of the

individuals minus the number of the variables used is greater

than thirty then the sample can be considered as large. In this

respect the number of specimens (71-84) used in this study for

each sample was adequate for stock identification purpose.

According to Saila and Jones (1983) it is important to

recognise that these measurements are related to the overall

growth history of the fish, because there appears to be distinct

stanzas in the growth history of fishes (Martin, 1949). In
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addition to this morphometric measurements taken from a sample of

fish are strongly dependent on size fluctuations due to the age

distributions of the sample. Taking all these into

consideration,as recommended by Saila and Jones(1983) and Winans

(1987) multivariate morphometric analysis specifically the

principal component analysis used in the present investigation

was the appropriate method to be followed to achieve the

objective fUlly.

According to Corti et al. (1988) principal component

analysis does not require a prior recognition of groups and if

there are several groups, data are pooled irrespective of groups.

As a result of their detection of variation between strains of

common carp Cyprinus camio they suggested that multivariate

morphometries could represent an appropriate and convenient tool

to detect variation between stocks as this method allows the

characterisation of samples spanning several life history stages

based on a dynamic relation between size and shape.

In this context, it is important to note that the optimal

procedure for size adjustment in morphometric analysis is

currently a matter of debate (Rohlf and Bookstein, 1987, Rohlf,

1990) Swain et al., (1991) performed a PC analysis to find out

morphological differences between hatchery and wild populations

of coho salmon {Qncorhynchus kisutchl using sheared principal

component of the correlation matrix of the unadjusted data and

led to the same conclusions as the PC analysis of the adjusted

data.
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The PC analysis computes a set of uncorrelated composite

variables called principal components from a variance, covariance

or correlation matrix (Dunn and Everitt 1982). In the present

investigation 84\ of the total variability was explained. Thus

the Ist, IInd and IIIrd PC's explained 49%, 20% and 15\

respectively giving the total 84% variability. PC I is a size

related component where the ventral normal length, orbi tal

diameter, dorsal normal length, anal fin base length, dorsal fin

base length and mid caudal length largely contributed to the

variability (sequence according to significance Table - 10). In

PC 11, characters like preanal distance, mandibular length,

predorsal distance, pre-anterior dorsal distance and pre ventral

distance had largest coefficients. In PC Ill, characters like

length of head, pre pectoral distance, pectoral fin length and

pre anal distance had largest coefficients. These characters

heavily contributed to the distinctive fusiform morphology of

s.longiceps and may represent an adaptation to prolonged swimming

and thus it is genetically determined and inherited. Several

studies involving salmonoids, have also noted the correlation

between a fusiform body and either prolonged swimming performance

or migration distance (Fessler and Wagner, 1969; Vans tone and

Markert, 1968, Thomas and Dohahoo, 1977, Swain et al., 1991)

Using these three PC coefficient values PC scores were

calculated for each individual by summing up the products of each

character value with corresponding PC coefficients and this

helped to discriminate the samples in an efficient way {Winans
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1987). Scatter plots of PC I, PC 11, and PC III scores showed

varying amounts of overlapping between samples (Fig. 8).

According to Meng and Stocker (1984) overlapping of nearby

samples might be an expression of mixing of different sub

populations. However for finer resolution between the samples,

individual one way ANOVA analysis was carried out to see the

difference between centres independently with each PC score.

Results showed significant differences between the centres

(Table, 12, 13, 14). Morphologically Cochin population differed

from Calicut, Mangalore and Mandapam. Calicut differed

significantly from Cochin and Mangalore. Mangalore sample also

differed significantly from that of Calicut, Cochin and Mandapam.

The present findings strongly support the earlier view of

Devanesan and Chidambaram (1943), that oil sardine populations

from Karwar and Malabar are morphologically different stocks.

Later comparable conclusions were drawn based on vertebral counts

(Annigeri, 1978) and head/body length (Prabhu and Dhulkhed,

1972) On the contrary, what is unusual about the results is

that the most distinct populations (Mangalore and Mandapam or

Calicut and Mandapam) were morphologically similar while closest

places like Calicut and Mangalore were morphologically

dissimilar. Similar phenomenon in the threadfin Nemipterus

japonicus (Rao and Rao, 1983) and in other marine teleosts

(Richardson, 1983; Grant, 1984; and Smith, 1986) were reported.

Whether these phenomena are consequences of comparable

environmental selection pressure are not known. On the
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otherhand, the principal component analysis method applied in the

present investigation should have reduced the effect of such non­

genetic factors to the minimum possible level (Winans, 1985). If

the observed significant phenotype variation were due to

environmental factors, similar effect at least to certain extent

should have caused variations in the meristic counts (Fin rays)

of the species. The present study showed identical meristies in

the species (Table 15) .

Though certain modern techniques like gel electrophoresis

has become popular for discovering variation at molecular level,

variability in large number of morphometric characteristics has

its own important role in corroborating the results of the modern

techniques and vice versa (Cushing 1981). The above conclusion

of morphometric heterogenity was also supported by cytogenetic

and biochemical genetic methods applied in the present

investigation. On the contrary, the morphometric (Mangalore!

Mandapam or Calicut!Mandapam) cytogenetic (Cochin!Mangalore or

Calicut!Mandapam) homogenity of oil sardine populations could not

be supported by the resul ts of biochemical genetic techniques

applied by Venkitakrishnan (1995) where the same populations were

found to be heterogenous in nature.

The present findings of morphometric heterogenity/homogenity

based on 25 morphometries and PC analysis on the four oil sardine

populations are the first of its kind.



5. GENERAL DISCUSSION
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The species, Sardinella lQngiceps, popuLa r Ly known as the

Indian o i L sardine corrt r i.bu t e s significantly t o the comrner c La l,

marine fish catches Qf India. A majQr management prQblem Qf its

fishery is the shor t and Lonq term f Luct.uat.d.ons in its annual

abundance. Thouqh its b i o l oqy and fishery aspects have been

thQrQughly investigated, the basic reaSQn fQr the fluctuatiQns in

its abundance has nQt been established. The fishery is explQited

as a single stQck fishery, vis., it is cc~pQsed Qf interbreeding

PQPulatiQns distributed Qver SQuth west-east CQast Qf India. On

the Qther hand, it may be assumed that the fishery is naturally

composed of r eq i onaLl.y o r genetically he t e r cqeriou s popuLa t.Loris .

In fact, detailed knQwledge Qn the pQpulatiQn genetic cQmpQsitiQn

of the species is essential to identify the natural management

units of its fishery. None of the previous investigations had

attempted to study the population genetic structure of the

species except the recent study by Venkitakrishnan, (1995),

which was restricted to b i.o c h em i c a L genetic variations of

enzymes. In this context, the present investigation on the

population genetics of the species using three other different

aspects such as cytogenetics, non-enzymatic proteins and

morphometrics is a very valuable contribution towards

understanding the current popuLat.Lon genetic structure of the

species. However, a general d i s cu s s i.on on the available

informations on the b i o l.oqy and fishery of the oil sardine is

essential to draw appropriate conclusions from the present

investigation.
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The recent past history of the oil sardine catch statistics

show wide fluctuations in its abundance. A comparison of the

catches of S. lQngiceps in Kerala and Karnataka areas showed wide

fluctuations during ten year period (1969-1978) The probable

reason for the fluctuations of the catch in a particular year

between these two centres may be interpreted in different ways.

The first one is based on higher catch in one region correlated

to lower catch in the other region or vice versa, particularly

when the fishery is supported by a single stock. This

interpretation is purely based on the possibility of migration of

S. longiceps from one region to other on account of feeding habit

or some other environmental or other unknown factors influencing

its populations for the inter-regional migration. (Hornell, 1910;

Banerjee 1967). According to Nair (1953), the suspected causes

for regional fluctuations in its abundance may be much stronger

than the annual migration and fishing effort. If it is due to

migration, the catch of one region towards which the population

had migrated will naturally show much higher catch whereas,

correspondingly lower catch at the region where from it was

thought to have migrated. For example, the table I of MFIS NO. 14

(1979) showed a catch of 1,91,683 Mt. from Kerala in 1971 while

33, 834 from Karnataka during the same year In the following

year (1972) the catch from Kerala was 1,94,977 Mt. whereas it was

only, 11,836 Mt. from Karnataka. This marginal increase in the

catch in Kerala may be thought to be related to considerable

decrease in the catch in Karnataka region for the same period.

Similarly, there was a considerable reduction in the catch from
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Kerala (1,04,426) during 1972, while a marginal increase in the

catch from Karnataka (15,610) for the same period. Again, during

1973-74 (1,22,783 Mt to 1,02,135 Mt) marginal increase

was noticed in the Karnataka catch for the corresponding two year

(15,945 to 20,784) Then during 1975 there was only a slight

reduction of about 5,000 tons in Kerala (97,183), whereas more

than 100 percent increase in the catch from Karnataka (92,701)

occurred during the same period. Thus a close analysis of these

catch figures of s....... lQngiceps from Kerala and Karnataka during

particular years infact shows the fluctuation of S. longiceps

catch are not directly or SUfficiently related to increase in one

region to decrease in the other region.

The above analysis leads to the conclusion that the observed

fluctuations or its abundance in the annual catches of .s..
longceps from Kerala and Karnataka may be correlated to one or

more major independent factors. In this respect, it may be

hypothesised that S. lQngiceps population in Kerala and Karnataka

are two independent unit o r stocks. In fact, the present

investigation of the two populations from Kerala and Karnataka

strQngly supports the above hypothesis of considerable stock

differences in these two regiQns. The findings of many earlier

workers on the general variability Qf ~ longiceps populations in

different regions such as Malabar and Karnataka indicated racial

differences on the basis of morphometric analysis (Devanesan and

Chidambaram 1943) .
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Density-independent fluctuations in the abundance of pelagic

clupeoids, namely, the pacific sardine (Sardinops sagax) and the

northern anchovy (Engrualis mor.dax) have been observed on

temporal scales of years, decades and centuries (Smith and Mosar,

1988). Very poor recruitment in the late 1940's, for example,

precipitated the col Lapse during the 1950 I sand 1960 I s of the

pacific sardine fishery (RadQvich, 1982), Abundance of nQrthern

anchovy increased from 1950 to 1965, levelled off for a decade

and declined in the late 1970 I S and early 1980 I s (Mac Call and

Prager, 1988). Superimposed on this trend, however, were wide

ranging fluctuations in abundance between years (Mac Call et al.,

1983) and which have been attributed to climatically and

oceanographically driven fluctuations in phytoplankton abundance,

larval mortality and recruitment (Lasker, 1975; Peterman and

Bradford, 1987).

The second apparent reason to be considered is a situation

where no fluctuations in the catch for these two regions

(Karnataka and Kerala) or increase in one region without

affecting the catch in the other region or even an increase of

catch in both regions at the same time. For instance, the

tonnage of .s.. longiceps catch from Kerala during 1969 was

1,39,983 while it was 33,580 from Karnataka for the same period.

The catch during 1970 showed 1,91,683 from Kerala and 33,834 from

Karnataka indicating considerable increase of catch in Kerala

while only marginal increase in the catch from Karnataka.

Similarly, there was only a marginal increase in the catch from

Kerala 91,17,356 to 1,19,937 whereas there was a considerable
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increase in that of Karnataka (31,145 to 46,707) for the

corresponding period 1977 to 1978.

Various reports on the oil sardine annual landings from

different regions of west coast also indicated wide ranging

fluctuations throughout its recorded period of landings. It may

be hypothesized that if all the west coast regional oil sardine

fishery is supported by a single breeding unit, (genetic stock)

any positive or negative changes in the reproduction, recruitment

and growth of the unit stock should have uniformly affected the

quantity of its landing in all the regions. This hypothesis is

again based on the assumption that there is no drastic reduction

in the fishing effort on a particular year in any of these

regions. Moreover, any such reduction in the fishing effort may

not affect the above hypothesis when it is tested using the data

for long period. For example, a comparison of seasonal landings

of oil sardine in different regions for about 7 years (1960-1966)

and ten years period (1969-1978) / in fact, does not support the

above hypothesis.

An alternate hypothesis that can be put forward to explain

the short and long term fluctuations of .s.. longiceps landings

throughout its range of distribution in Indian Waters is that the

fishery is / inf act, composed of more than one independent

(isolated) genetic stocks. As a result, the fluctuations in one

region supported by a particular independent stock is not

expected to affect that of another regional stock, unless,

similar non-genetic factors affected these naturally different
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genetic stocks at the same time and at the same rate. The

probability of which may be too small to be realistic. The third

hypothesis, that can be logically considered is that there exists

a single unit stock of £. longiceps fishery and the wide

fluctuations in the regional landings of the fishery are mainly

due to the fluctuations in the usual feeding, migratory behaviour

of the species and or the transportation of its eggs and larvae

through natural current patterns existing between the regions

supported by the unit stocks fishery. A longterm investigation

covering all these parameters alone could test the above

hypothesis.

Kerala and Karnataka appeared to contributing 66 and 30 per

cent respectively to the total all India oil sardine catch.

During 1982-83, the landings of oil sardine declined by about

54,000 tonns. This was due to reduced landings in the states of

Karnataka, Kerala and Goa, the catch of oil Sardine in the above

states being about 37,800; 12,700 and 4,200 respectively. It is

traditionally believed that the fluctuations in the abundance of

the resources of the oil sardine depend on the success or failure

of its spawning (Chidambaram, 1950, Raja 1969), changes in the

availability of larval food or hydrobiological conditions

(Hornell, 1910). Yet another cause of fluctuations may be due to

overfishing, (Devanesan, 1943) and heavy fishing of the immature

fish and the periodic off shore migrations (Sundara Raja 1934 and

1937) and destructive fishing of immature fish (Devanesan and

Chidambaram 1943) .
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Various non-uniform reports on the spawning seasons and the

appearance of juveniles in different regional fisheries also

suggest that certain fishery and biology independent factors are

responsible for wide annual fluctuations in the fisheries of S.

longiceps. Such a suggestion is to emerge while analyzing,

confusing or contradictory observations on the spawning season

made by different authors.

AS explained by Nair (1953) different spawning periods

appeared to exist for the species, because S. longiceps spawners

appeared first off the Kanara coast then later in the Calicut and

Cochin region. Similarly reports in the peak spawning period also

were not uniform, it varied from June-July (Homell and Nayudu,

1924) June to October (Devanesan, 1943) and August-September

(Nair 1953, 1959). Actual observations regarding the spawning

grounds of S. longiceps were not made by anyone. There are

different opinions on the possible spawning regions of .s..
longiceps. It may be near the coastal region (Prabhu, 1967) or

beyond the present fishing zones (Nair, 1959).

Similarly reports on the fecundity of the species also

ranged from 37,000 90,000 on regional basis. The fecundity

ranges may be regionally differentiated as 37,000 38,000 at

Cochin (Balan, 1966), 70,000 at Arabian sea (Devanesan and

Chidambaram 1943) 70,000 to 90,000 at Malabar (Devanesan, 1943).

Naturally the important question is whether such wide ranging

fluctuations in the landings, appearance of spawners and rate of
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fecundity etc. are the consequences of genetic heterogenity of

the regional populations?

The above general discussion on the fishery and various

aspects of biology of the Indian Oil Sardine Sardinella longiceps

clearly revealed that the wide ranging periodical fluctuations in

the abundance of the species cannot be explained on the basis of

the assumption that the fishery is supported by a single unit

stock of the species. On the other hand, the region oriented

characteristics of the populations, significant differences of

selected morphometries, heterogenous nature of spawning periods

and fecundity closely suggest that the oil sardine fishery, in

fact may be composed of regionally heterogenous populations.

Interestingly, the results of three independent methods of

the present investigation strongly corroborate the hypothesis

that the oil sardine fishery of India tested from Mangalore,

Calicut, Cochin and Mandapam are cytogenetically, biochemically

and morphometrically heterogenous populations.



6. CONCLUSIONS
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1. The population genetics of the oil sardine, Sardinella

longiceps were studied by analysing cytogenetic, biochemical

genetic (protein) and twenty five morphological characteri­

stics of its sample populations from Cochin, Calicut,

Mangalore and Mandapam.

2. The cytogenetic study revealed that the species is

characterized by 48 acrocentric chromosomes as its diploid

number (2n) All the four populations showed only 48

chromosomes. However, the total length values (/um) of the

24 pai~ed chromosomes varied significantly between two

groups of its populations. The total length of the

population groups from Mandapam (61.3698) and Calicut

(61'.4125) significantly differed from that of Cochin

(68.3986) and Mangalore (68.5455). Besides, the presence of

a cytogenetically heterogenous population (Calicut) between

cytogenetically homogenous populations (Cochin and

Mangalore) suggested that these three populations are kept

isolated. The same phenomenon occurred among Cal icut,

Cochin and Mandapam populations. Thus all the four

populations are cytogenetically heterogenous in nature.

3. The heterogenous nature of the four populations were also

indicated by the electrophoretic banding pat terns of the

muscle proteins of the species. The Mandapam and Calicut

populations showed their characteristic protein phenotypes.

These consisted of slow moving SS phenotype in Mandapam and

faster moving FF phenotypes in Calicut at the second zone of
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the protein zymogram. The Mandapam population was also

distinctly different from other three populations in having

centpercent SS phenotype at the fourth zone and FF

phenotype at the fifth zone. The Cochin, Calicut and

Mangalore populations differed considerably in having

significantly different phenotype frequencies at the second,

fourth and fifth zones.

4. The morphometric heterogenity of the four populations was

also indicated by the results of the principal

component/ANOVA analysis of the data collected on the

twentyfive morphological parameters of the species. However,

all these four populations were found to be homogenous in

the number of fin rays.



7. SUGGESTIONS



84

1. The present discovery of considerable differences in the

total length of the chromosomes among the four populations

of Sardinella longiceps may be verified by a detailed

investigation. The cytogenetic heterogenity implied by the

above phenomenon may also be reinforced by applying modern

chromosome banding techniques.

2. The present report on the phenotypic variability in the

muscle protein of the species may be verified by modern flat

gel electrophoresis and its genetic implications may be

examined thoroughly.

3. The present findings of morphometric heterogenity among the

four populations of the species may be reinforced by the

truss-net work study on the body shape of the species.



8. SUMMARY
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The thes is contains the resul t s of

entitled "Population genetic studies

(Sardinella longiceps) .

investigation

oil sardine,

2. After a common introduction it

chapters, named, Cytogenetics,

(Proteins) and Morphometrics.

is presented

Biochemical

in three

genetics

3. Each chapter contains a review on the relevant literature,

materials and methods, results and discussion. A section on

general discussion critically analyses the relevant facts

and figures available on the fishery and biology of the

species .s.. longiceps to help to arrive at a proper

conclusion on the study. Then three conclusions drawn from

the investigation is followed by the three suggestions for

future line of research on the species form the last part of

the thesis.

4. The materials used for cytogenetic studies were live S.

lQngiceps collected frQm CQchin, Calicut, MangalQre and

Mandapam. The materials used fQr electrQphQresis Qf prQteins

and mqrphometric measurements were collected from lQcal

centres at Cochin, Calicut, Mangalore and Mandapam.

The samples from distant places were first got frozen and

then transpQrted to Cochin in ice cold cQnditiQn. Then the

samples were kept s t ored in deep freezer until used for

analysis/experiment.
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5. Six known methods were tried to standardise the procedures

for chromosome preparation in the species ~. longiceps and

the method followed mainly wos that of Kligerman and Bloom

(1977) .

6. The procedures followed for separation of general proteins

present in the muscle and eye lens tissues were that of

Davis (1964) for disc gel electrophoresis. It consisted of

Tris-HCl gel buffer (pH. 8.9), Tris glycine (pH 8.3) tank

buffer and 7.5% acrylamide gel. The proteins were detected

by amido black stain.

7. The methods followed for collection of morphometric/meristic

data from individual fish were the guidelines described in

Anon (1960). Twentyfive morphological parameters including

the weight were considered for morphometric measurements. A

total number of 306 specimens consisting of 84 from Cochin,

72 from Calicut, 79 from Mangalore and 71 from Mandapam were

used for morphometries. The methods of Winans (1984) were

followed for principal component analysis of morphometric

data.

8. A total of 1660 metaphase plates were prepared from a total

of 415 specimens collected from four centres. The modal

diploid chromosome number (2n) for the species was found to

be 48. All the chromosomes were acrocentric in

structure/shape with NF value 48. All the four populations

also had identical chromosome number and NF value.
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9. However, the total mean length urn) of the chromosomes

differed significantly between the Mandapam (61.3698) and

Calicut (61.4125) group and Cochin (68.3986) and Mangalore

(68.5455) group indicating the presence of population

cytogenetic heterogenity in the species.

10. The electrophoretic patterns of eyelens consisted of eight

identical fractions in all the four populations compared,

indicating lack of polymorphism of eyelens protein loci in

the species.

11. The electrophoretic patterns of muscle proteins, on the

other hand, showed polymorphic forms at the second, fourth

and fifth assumed loci, out of five. A comparison of the

polymorphic pat terns and their allele frequencies showed

only the presence of significant protein phenotype

heterogenity among the four populations of the species. The

highest heterogenity was shown by the Mandapam populations

having apparently fixed alleles at the fourth and fifth

assumed loci.

12. The meristic counts of fin rays showed identical number in

all the four populations examined.

13. The results of the three levels of principal component

analysis revealed that all the four populations (except

between Calicut and Mandapam) are having significantly

different morphometries.
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14. Though cytogenetic homogenity between Calicut and Mandapam

was also indicated by closely similar values of total

chromosome lengths, their protein phenotypes were distinctly

different. Thus a combined results of the three independent

methods (cytogenetic, biochemical genetics and

morphometries) helped to reveal that all the four

populations examined are heterogeneous in one or more

population genetic aspects examined.

15. The results of the independent studies on the Cytogenetics,

Biochemical genetics and Morphometries were critically

analysed and discussed at the end of respective chapters.

In each case direct evidence of population genetic

heterogenity/homogenity was emphasised and marked out.

Additionally, indirect evidence of isolation of two

homogenous populations because of the presence of

heterogenous population in between, was also pointed out.

16. A general discussion on the facts and figures on the fisherj

and biology of the species reported earlier was enabled to

reinforce the conclusions drawn from the results of the

present study.

17. Three relevant and important conclusions were drawn from

the present investigation on the population genetic studies

on the oil sardine (Sardinella longiceps) .

18. Three suggestions were also listed for future line of

research on the species.
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