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The live fishes comprise about 15% of the total marketable
surplus of inland fisheries which seems to originate as captured
fishery, either from wild water or from culture ponmd, naturally
occurring with carps. Since it is an unorganised capture fishery,

there is no authentic data regarding production.

However, the culture of air-breathing fishes could
certainly constitute a substantial second lime of production in
terms of fish protein from the inland water and could help to step
up the nutritional effort which is comparatively very low in India.
Keeping this fact in mind, in recent years, the air-breathing
fishes have caught the imagination of fishery scientists, im view
of their popular demand, their nutritive value and recuperative
importance and "also for the need to utilize the swamps which cannoet
be easily made suitable for carp culture. The swamps with diverse
water condition can be easily utilized by hardy fishes with air-
breathing nature, thus these fishes could provide considerable
scope to play an important role in the rurai_ecdnomy énd'ﬁénce it
becomes imperative to organize planned effort to renderlﬁheée
swamp production. On the other hand, while considériﬁg th§ develop-
ment and standardization of the fishery management teéhnidﬁes of
the air-breathing fishes, many gaps in the information were
experienced in the field of biology, ecologqy and genetics, and
therefore it is nacessary to undertake the study of certain aspects
of biology, systematics and genetics of thsese Fisﬁes. The present
investigation is a part of such studies @hich involves a particular

group of air-breathing fishes, the 'Channids' or murrels.

The murrels or the snake~headed fishes are represented by



only one genus Channa (= Ophiocephalus), comprising of six species.
They have a homogenous distributien in tropical and subtropical

region of the world and at least five species viz. Channa striatus,

Channa barca, Channa punCtata, Channa stewartii and Channa

orientalis, are readily available in North~Eastern India. All the

representatives are very much alike in colour and shape and there=-
fore are often difficult toddistinguish when they are of the same
size. We have undartakeﬁ in our laboratory a detailed study on the
biology and genétics of this group and keeping this in view, the
present work has been carried out and the findings have been

presented in three chapters of this thesis.

The first chapter presents the results of morphometric
analysis and meristic studies of these five species while the
second chapter deals with the chromosome analysis and the third
chapter has been devoted to electrophoretic investigatiens én

certain proteins.

I - Morphometric analysis and Meristic counts :

' As far as the present study is concerned, a fairly successf
working key fer the field identification of the different species
has been provided from the point of view of morphotaxonomy. All
together twentynine morphological parameters have been studied.
Though certain amount of intraespecies variations are observed,
measurements and counts of different bady parameters show conside
able amount of distinctiveness among different species. Biometric
indices for fifteen body parameters have been carried ocut for al.
the five species and cohpared. This study, thus provides a balan

key to identify the different species, irpes
‘respective gf af
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and colour. Regression equations for ten bady pérameters have

also been worked out for all the five species studied.

II - Cytogenetical Investigation :

All the five species of Channa have been sub jected to

chromosome analysis. The 2n numbers

found to be as follows :=

of different species are

C. striatus 2n=40 (8m + 6st + 26t), NF 54

C. barca 2n=38 (6m + 6sm + 4st + 22t), NF 54
C. punctata Var. A 2n=34 (16m + 14sm + 4t), NF 64

C. punctata Var. B 2n=32 (16m + 16sm), NF 64

C. stewartii 2n=66 (12m + 6sm + 6st + 42t), NF 90
c. orientalis 2n=76 (2m + 6sm + 68Bt), NF 84

The most interestiné finding
mosomal races of C. punctata having
tively, which could not be detected
Moreover, it has been observed that
different from one another at their

made with the earlier works reveals

is the existence of two chro=-
2n number as 34 and 32 respec-
by morphological studies.

all the species are markedly
karyotypic level. Comparison

that certain species (eg.

C. orientalis) show quite a good amount of differences in their

total chromosome complements. However, basing on the present

finding, a hypothetical line of karyotypic speciation has also be:

presented. It has been suggested that species with more number of

acrocentric chromosomes are nearer to the primitive teleosts whil

species with more number of bie-armed chromosomes are comparativel

mors advanced in the line eof karyotypic svolution. But the karyo-

types of L. stewartii and C. orientalis do mot show any direct

relationship with the karyotypes of

C. striatus, C.barca or C.pur



11] - Electrohhorétic Imveétigatibhé :

Characterization of different Channa species has also besn
tried through electrophoretic investigation of soluble tissue
proteins and serum proteins aleong with two enzyme systems- Esterases
and Lactate dehydrogenase. It has been observed that the pattern of
distribution of tissua and serum proteins in gll the five species
are species specific as weli as tissue specific, even through
certain homologous bands could be detected among different species.
Use of esterases resulfs in unequivocal assignment to species
because of species-specific banding pattern. To characterise the
nature of esterases, inhibition experiments with different esterase
activity inhibiters such as urea, CuSDa, Eserine sulphate, Diisopro-
pylflurophosphate and heat, have also been performed and eight zones
of esterase activity could be identified for all the five species.
Lactate dehydrogenase isoenzymes show an unique distribution in all
the five species studied. EDH Ry is found to be more negatively
charqged than LDH'B4 and migrates furthest towards the cathode. LDH
E4 isoenzyme is present in all the species. The overall distribution
and banding pattern of LDH’is also medicative of the distinctivensss

‘of the genus.

As a follow up of the present work we suggest the study of
banding pattern of the karyotype to provide further insight into
the karyotypic evolution within this qgroup. We would also like to
suggest further application af biochemical techniques involving a
large number of enzymes and statistically significant number of
individuals to find out the genetic distance between the mémbers
which we believe will have the last word in unraxgﬂi& j;ngﬁxla-

genetic relationship of this group of Fishes.
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Cortain froshuwater fishes show unique anvironman;al édaptaé
tiongs for dirsct use of atmospheric oxygen, in addition to thairl
3ill respiration. By virtuo of thsir asrial respiratorynhébit,}tgéy.
can stand water deficisnt in oxygen, such as thoss oFVawamps and
marshy arsas with foul watar, where the usual gill breathing ﬁiéﬁes
cannot thrive. Fishas with this particular characteristic are
commonly grouped together and called as 'air breathing fishes',
Thore are at,Lgast aight freshuwater and two marine genera of
tolagsts which constitute the fauna of airebreathing fishes in India,

viz. Anabas, Amphipnous, Channa (Uphiacabhalus)g Clariaé; Colisa;

Hoteropnsustes,; Hotopterus, Usphromenus, Bolepphthalmus and

Periophthalnus+

The libé fishgs ccmprisawébout 157 of the tatal markstable
surplus of iﬁlandféisheries (dningran; 1982) which ssems to
originate as captured fishery, either Prom wild water or from
culture pond,_naturally eccurring with carpse. Since it is an
unorganised qéﬁtuta Fishery, there is no authentic data regar&ing

production.

Houwsver, the culture of airebreathing fishes could certainly’
constitute a sdbstantial sgcond lineg of production in terms of Piéh
protein Frﬁm the inland water and could help to step up ths |
nutritional ef?orﬁ which is comparatively vory low in Indias. Keeping
this fact in ﬁihd, in recent ysafs, the air-breathing ﬁiahéa~have.
caught the imégimatioﬁ of fishery scieniists, in viey of theif
popular demand, their nutritive valus and recuperative importance
and also for tha}ﬁeed,to utilizﬁ the swemps which cannot bs sasily

made suitable for carp culture. The swamps with diverse watsr



ii

condition can bes sasily utilized by hardy fishes with air-brsathing
naturs, thus these fishes could provide considerable scope to play
an important .role in the rural eébnomy and hance it becomss
imperative to organize plannad offort to render thess swamp
production. On the other hand, while considering ths development
and standafdizakion of ths ?ishery'banagement techniqués of the
airebreathing Pishes, many gaps in the information ware aexperiencsd
in the field q? hiclogy, =cology and gsnetics, and thersfors it is
. necessary taruﬁdsrtak@ the study of certain aspects of biology,

‘ systeﬁatics énd genetics of these fishes. The present investigation
i3 a part of such studies mhich involves a particular group of aire

. breathing fishas, the 'Channids' or murrels.

The murrels or ths snakeehsaded fishes are represented by’

- only one ganué“Channa (=0phiocephslus), comprising of six Species

(Menonc 1974).‘fhey héﬁa a homogenous distribution in tropical and.
'subtrnpical :egidn of the world and at laast‘Fiue.specias viz.

Channa strietu5, Channa barcé, Channa punctats, Channa stawartii

and Channag ofisntalis; are reédily available in North-Eastern fﬁdia,
All the raﬁraséntéﬁiués ars very much alika'in colour and shape and
~ therefore ére~dﬁfan<di€?icult to distinguish whan théy are of thar
samg 8izg. wéjhgvglundertaken in our laboratory s dstailed study;on
the bioclogy and gsnaﬁics of this group and keabing this in uiem,
Vthe present wnrk has been carrisd out and tha findings haue been

presented in three chapters of this thesis.

The Fi£3£'éhépter presénts the results of morphomateric
analysis and maristic studies of these five species while the sédsnd

chapter deals with ths chromosome analysis and ths third chaptér_has



iii

bsen davoted to elactrqphoratic inuastigation on csrtain prctéiﬁs.
The presgnt study, thersfore, will provide us, bssides the genaral
‘mOrpHological diffarences, with s more comprehensive taxonomical
key for identification of the differsnt Channg species, comprising
of Morphoe, Cyto= and Chemo=taxonomic paramsters. Un thg other
han&, chromosomal investigations will be helpful to dnravel the
phylogeny, spaciation and svolution of this group. Protein
alectrophoresis will provide us with the information regarding
protein pol&morpﬂism at intra- and 1ntér3pecific lavels of this
group. In addition, ths inhibition studies will reveal the naturs

and typss of isoenzymass that are studied.

Jnhingran, V.Ge (1982) : Fish and Fisheries of India. Hindustan
Publishing Companys. 667 p.

Manon, A«G.Ke (1974) : A checkelist of fishes of Himalayan and
Indo—Gangatic plains. Sps Publ. No.1, Fishaery
Society of India (CIFRI, Barrackpore), 137 p.
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. INTRODUCTION



The . teleostean complex comprising of mors than ZS,DDD
species, has a remarkable heterogenous composition mlth 32 orders
and 400 Famllles (Freenwood et al.r 1966) This~probably includes
the list of subspecies and races, das;gnated as separate species
in diFPerant places. Therefore, to find out the exact taxonomic
status of a species, 1t is necessary to study the morphometric
and meristic features of a species, which in turn confirms the
specific chafagtars of aqspeciés; genus, family and so on. A brief

survey of such investigations on Indian fishes is presented belouw.

The first authantic'deééfiptiqn oF Fishasnof the Indian
subcontinent cén_be,daﬁéa'bénkﬁﬁn the work of Bloch (1785) and his -
'puslandische Fische'. This 13'6109919 followed by the works of
Lecepede (1798-1803), Schnelder (1801) and Russell (1803). In 1822,
Hamilton (Buchanan) llsted the auallable fishes from the river
Ganges. McClelland (1839) published hlS collection on Indian
Cyprinxdae wlth dascrxptlon. Sykes (1841) published his works on
fishes from Dukhun. Jerdon (1849) descrlbed fow species of Fishes.
from Southern India. Bleeker (1853) descrlbed the fish fauna of
Bengal. Glnther (1859=1870) studied the fishas Pram Brltish Museum |
collection and publlshed a numbar of catalogues which 1nc1uded |
Indian fishes alsb. But the monumental works of pay (1878, 1889)
on fishes from British India, Burma and Ceylon are still the most
informative and useFul referencas to Indlan ichthyo-taxonomists.,
Slnca then, Fishes were. describad From dlffarent reglons by o
different workars such as Raj (1916), Annandalei (1918), Shaw and
Shebbeare (1937) etc. Hora (1937 1941, 1944, 1951 and 1955) has
contrlbuted much on Indlan Flshes along with thelr geographlcal |

dlstrlbutlons. Menon (1951, 1954 and 1974) and Mishra (1959) have



also doscribed a large number of Pishes from taxenomical point

of viowe

The murrels are reprasantad by only one genus Channa. The
nams Channa was first used by Scopoli (1777) while describing the
type Channa orisntalis. 8loch (1794) qave the name Ophiccephalus

for the genus while deseribing the type Ophioceophalus eunctatds¢
He named tham so, probably bacause of the similarities of
structure and appearance of the head of these fishes with the

snake=head (Ophidianﬁénake, Cephalus~hsad).

Regarding tho classification of this group, some differencaes
ware observad batwsen ghe classification of Day (1878) and the
recent classification of Greonuwood gt al. (1946). Day grouped the
murrels under the Famgii Ophyéeghalidae and brought it under the
ordet Acanthoptérygiivﬁﬁich 19 charactorised by spiny-rays, but he
could also observe the differences in this regard of this fPamily
with other membegs of ﬁha order’aﬁd probably that is why he grouped
all the snake<«hsaded fishas under 2 separste subedivision <
ChanniFormesu(tha 13th group under the order Acanthopteryagii). He

classified this group under two genara - (i) Ophiocephalus and

(i1) Chonna, and described nina species undsr the genus Ophiocephalus

and one spacias.uﬁdefnthe genus Channa. Regan (1929) ingluded the
murrels under the Famiiy Gphiocaphaiidaa under the subeorder
Ophiocephaloidaa. Th§.1atter, aloﬁg with other thres: subeorders,
viz. Percoidss, ﬁobiﬁidea and Anabantoidea; was listed under the
order Percomorphi. Greenwood et ale (1966) have grouped all the
murrals under a single genus Channa and created a nsw order -

Channiformes, to accummodate only ths snakeeheaded fishes.



Ragarding ths namza Channa and Johiocephalus thare ware

certain controversy while using thesa in practice. fyers and
Shapovalov {1931) opined that Channg Scopoli (1777) had priority

ovar its subjectiva synonym Ophiocephalus 8loch 1794 (the earlier

Channa Gronow 1763 has not been accepted bacausé the bPrinciple
of Zoological HNomenclaturs' were not applisd in that work).
Scopoli'é work (1777) has on the othar hand been placed on the
list of accephtable works. Smith (1945) made a plea for retention

of tha familiar name Uphincephalus Bloch 1794, for the gsnus but

the rules of nomsnclature are adzmant in this regard and the name
Channa Scopoli 1777 should bs used. Herse and Myers (1937),
McAllister (1968) expressaed their opinion in favour of Channa and

subsequently most of the taxonomists ars using this namse.

~

Dus to the prossnce of many ovarlapping characters amang

difforant mombers of the family (such as Ophioccephalus marulius,

0. leucopunctatus and 0. pseudomarulius), Day (1878) was guite

confusad regarding the proper identification of thoe species.

3omatime Channg amphibious and Channa barca are considered as

separate species (Shaw and Shebbearsy 19375 Reddi, 1981).Probably

most controvaraisl of all, is ths species Channa oriasntalis or

Ophiocephalus gachua. Day (1878) classifiad this undar two

separate panara according to tha characteristics of the pelvic
fine Such differences are hardly observed and in fact, later on.

Day's Channa orisntalis and Uphiocephalus gachua have bsan

confirmed as a single spasciss.

Altogethar six Channa speciss ara found in India (Menan,

1974). In Horthefastern region of India, all the six spscies are



readily available. This group of fishes are distributed throughout
the world sxcept West Europe, North Rmerica, South Amsrica and
Australia. In India, they arse availabls throughout, in psnds as
well as streems and rivers, from tropical region to high mountain

Tangs.

The murrels ara sometimos considered as weed fishes in carp
culture ponds, bacause of their predatory habits on other fishes.
But they may certainly provide a sacond 1159 of production in ternms
of protein. In eddition, the unutilizable swampy areas can bs used
with least managément. Some of the murrsels attain guite a large
size and have commercisl values. Howzver, these fishas ars not
sasily diastinguishable because of their morphological similarities
and many a time are wrongly idantified. Unless thare is g definite
key for identification, thers will aluways remain a problem in
stuaying this group of fishes from different biological angles.
Therefore, in the present investigation, morphotaxonomy, cytotaxoe
nomy and chemotaxenomy are incorporated so that a proper
identification formula could be svaluated. In ths present chapter,
the morphotaxonomical paramators Fﬁr di??erant specias have bean

considered.



2 MATERIALS A 8D METHODS



2+1¢ Tha Fishes :
' The materials for the present investigations comprise of

five spaecies (Fig; 12 & b) belonging to the genus Channa, viz.}

1. Channg striatus (Bloch)

2. Channa barca (Haéiltonj

‘3. Channa punctata (Bloch)

4. Channa stewartii (Playfair)

.5+ Channa orientalis (Sbﬁneidat)

vTheée are includéd in the family Channidae, ths charactsriétic
Peatuies of which afs:'pody elongated, ths anﬁe:ior<portion is
subcylindriéal: hoad is déprsasad and has plate like scales;
latérally placed syes. The pressnce of five branchiostegals but no
psaudobranchii; the numher of gills is foury gill openings are‘mide
and the membranes of the two sides are connected bensath the isthmus.
Sup;ab:anchial organ .is not dovelopad. On either side, an accessory
hollow cavity, besides tha gill cavity in the head rsgion, acts as
an accassory respiratbry organ and provides an amphibious mode of
respiration whicﬁ helpé them te thrive for a long period outid?
their natural habitat. Testh afe present in ths jaws, vomer and
palate, soms of which ars conical in shape. The dorsal fin is
spinaleésg long and»ainélag The anal fin is almost similar to dorsal
except it is shorter: Pectoral as well as pelvic fins are present in
the thoracic region. Scalos are'aithgr large, moderate or small,
Lateral line is abruptly curﬁed and almost discontinucus. Alr tubse

(sac) is pressnt: Fsw numbers of pyloric appandages are presents

24149+ 3ynopsis of Spocless
Thevmorpholoéiqal‘characters for different speociss as

described by Day (1878) are as follousie



1+ Channa striagtus DgB?ﬁAE,ng 23226, L.l 50«57, L‘tr°‘%§'0f
?%w Dark gray passing in stripss into the
white of ths sbdoman.

2. Channa barca Ds 4752, A, 34w36, Lelo 60«65, Letro %.
Vantral %ﬁh of length of psctoral; dark

violat, spotted, &3 are also the fins.

3. Channa punctatd Do 29=32, As 21=23, Lol 37240, L.tr. 352»,

Spotted or bandedy vertical fins dsrk with
a light edgo.

4, Channa stewartii De 39«40, ARs 27, Lels 47=50, L.tr. %?
Ventrals %rd as long as pectoral, purplish
spotted with black.

S. Channa orientalis D. 3237, A, 21«23, L.l: 40=45, L.tro'%o
Vgntralas %th as loang as psctoral) pectoral
fing bandadg verticagl fins sdged with red.

241920 Synonymas
1. Channa striatus (Blach)

(1) Ophiocephalus striatus Bloch, Haturge Ausland. Fischeey 25 Pe

141, ple 359, 1793; type locaiitya Malabar. Gunther, Cat. Fishe
Brite Mus., 3, p474, 1861, Blooker, Verh. Bat. Gen., 25, p.42,
1853, Day, Fish. India, p«366, 1876. Day, Faun. Brit. Ind. Fish.,
2y DPe363, 1389.-5haw1and Shebbsare, 3; Asiate Soce Bonge, 3, Pe124,
pled, Pige.4, 19373 North Behgal.yﬂenon,-ﬂecq Inde Muse, 52,‘p522g
1954, Manipur. | |

(ii) Ophiocaphalus wrahl Lecspede‘Sv(BQFFon), Hist. Nat. 901859,73
. R4



p.552, 18023 typs localityi Tranquebar; Hamilton, Fish. Ganges,
pp.éﬁ, 367, plas31, Figo“?, 1822.

(1id) Qph;qcaphaluszchana Hamilton; Fish. Gangas, p.62, 1822. Type

" locality: Goalpara, Assame

(iv) Ophiocephalus planiceps Valenciennes (in C. & V.), Hist. Nat.
Poisse, 75 pe424, 18313 typs iobalitya Javae.

(v) Ophiccephalus sowarah Bleékar, Nat. Geneesk. Arch. Hed. Indie,
2(3),_p,519, 1845.
:"QQ‘Chénna hatca (Hamiltoﬁ)~;

‘(i) Qphiocephalus barca Haniltan, Fiaho Gangas, pp‘57, 357, pl 35,

;‘Pig. 20, 1822; type localxtys R.Brahmaputra, near Goalpara, Assam.
Cuvier (in Ce & e ) Histo Nat¢ 9oisso, Ty Psb36, 1831. Gunther,
Cats Fiah. arit. ﬂus., 3, 9.477, 1861¢ Day, Fish. India. p.365, pl.
77, fige2; 1876, Day, Faune Brit. Indiag Fish., 2, p.361, ?19.118,
1889, o

(i1) 8Sora chung Russell, J. Asiat. Soc. Beng., 8, p.551, 1839.

(1i4) Ophiocaphalus amphibiUS~McClallénd, Calcuttae J. Hate. Hist.,

5, pe275 (Vol.1, pls 11, rig.z, 1841), 1845 type locality: |
Re Chail (ttibutary of Srahmaputra), Bhutan. Shaw and Shsbbeare,
J.‘Asiét,’soc; Bshgl, 3y pe119, pls. 1 and 6, 1937; North Bengal.

3. Chonna punctsta (éldch)

(1) Sphioecephalys punctatus Bloch, Naturges. ausland. Fischesy 7,
pe139; pl.358, 1793§_type locality: €oromandel coast. Bleeker,

Verhe Bat. Gon., 25, pe42, 1853« Gunther, Cate Figh. Brit. Mus., -
3, Pe469, 1861. Day, Fishe India, ps367, pl.78, Plg.1, 1876. Day,



Faune Brit.: Inde. Fishe, 2, p«364, 1889+ Shaw and Shebbearae, Js.
Asiat. Soce Bongs, 3, Ppe123, pl.d, figel, 1937; North Bengal.

Hora, Recs Ind. Mus., 39, 9044, 1937- Nepal. Menons; Rec. Inds Mus.,
47, p+235, 1949 R. Knsi, East ﬁapal. Ragan, Rec. Ind. Musey, 1y
p.158, 19073 Mepal.

(11) Qphiocqphalua karruwsy Lecepade’ I (Bu?fon), Hist. Nat, Poiss.,

3, p.952, 1802~ type localiby - Tranquebar.

(111) Bphioceghalus lata Hamiltnn, Fish. Ganges, PDe 6;, 367, ple \

34, Fig.18. 1822“ type locality, R. Ganges.

(iv) QgﬁiocephalusJindiCUQ MeClelland, Calcuttas Jeo Nat. Histe, 2,

Pe583, 1842; type locality: Loodiasnah and Jallalabad. Blesker,’
Varh. ast; Gones, 25, p,42; 18535

(v) Uphimcephalus affinis Gunthar, Cat. Fish. Brxt. MUS«, 3, P«470,

18613 typa 1ocality: Meuritiuso .

(vi) Channa punctats De Witt, Stanford Ichth. Bull., 7(4), p.82,
1960, Hapal.

(vii) Channa punctatus Menon. Rsce Indian Mus., 52, p.22, 1954,

Manipur.

' Channa stcwartii (Play?air)

(1) 3phiacaaha1ua stawartii ﬂlay?air, Proc. ZOOlq Soc. Lond., 9014,

ple3, 1867"type 1oca11ty: Cachar, Assam. Day, Fish. India, p.367,
pl.77, Fig,3,‘1876. Day, Faun. Brit. Ind. Fish., 2, p«363, 1889.
Shaw and Shebbears, J. Asiat. Soce Benge, 3, pe123, pl.d, Flge3,
19373 Nérth-ﬁengal. Fanon, Réc..lndz Muse., 47, p«.235, 19493 typs
locality: R. Kosi, E£ast Hepal.



5. Channa orientalis (Schnsidsr)

(i) Ophiocephalus gachua Hamiltbn, Fishes Gangoesy pp.68, 367, pl.

21, 1822; Bsngals Bleaeker, Verhs Ba;- Goney 25, ped2, 1853,
Gunther, Cats. Fish. Brjt.,ﬂua;,VBQ §.471, 1881. Day, Fish. India,
pe367, 1876+ Day, Faun. Brit. Inds Fish., 2, p.364, 1889, Shauw
and Shebbsars, J. Asiate SoPaiBeng., 3, p.121, 19373 fNorth
Bongal. Monong Je. Bombay Nate Hist. Socep 48(3); p.540, 19493

KUmaon@:Manon,'Rec. Inde Fuse, 47,‘pa229§ Hoshiarpur.

(11) Channa oriantglie Schnaidar, Syst. Ichth. Bloch, p.495, p1°

90, Pige2, 18013 type localitys India. Gunther, Cat. Fish. Brit.
Hus., 3 p.483, 1881, Day, Fish.'lndia,‘ps367, 18768. Day, faun,
Brit. Ind. Fishe, 2, pe365, Fi3+119, 1889, Do Witt, Stanferd
lchthe Bulls, 7(4), p.8i, 19603 Hepal.

(iii) Qﬂhioqephaius,aurantiacﬁé,Hamilton, Fish. Ganges, pp«69,

368, pl.23, Pigs22, 1822; type locality: Goalpara, Assam.

(iv)’Ophiocephglua limbatus Cuviar (1p Co & Vs), Hist. Nat. Poiss.,
7, p.201, 1831, “

_(u) Ophiocephalus coramota Cuuiar (in Ce & Vo), Hist. Nat. Poias..

7, pedla. (From Russel, pl.id, a.ae), 18313 Vizagapatam.

(vi),ﬁphiacaphalus ?usca Cuvier (in C. & V.), Hist. Nat. Poiss.,
Ty 414, 1831, -

(vii} Qphlocephalus marginatus Cuvxer (in Cs & V.), Hist. Nato‘

Poiss, 7, p.411, 18313 type localitys Pendicharry.

(viii) Ophiocophalus montanua McClelland, Calcutta 3. Nats Hist9;

2, pe«583, 1842; typo locality: 'Baisoot, Jallalabad, Himalaya snd
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Sadoo's Bleeker, Verhe. Bat. Gene, 25, pe.42; 1853,

{ix) Philypnoides surakartensis Blesker, Verh. Bat. Gen., 22; p.
19, 1849

(%) Ophiocaphalus kslaaptii Gunther, Cate Fishe Brit. Mus., 3, pe
472, 18615 type localitys Coylons

(xi) Ophiocephalus gachua malaccensis Peters, Monatsber. Akad.

Wiasss Berlin, p«262, 1868.

(xii) Ophiocsphalus harcourt butleri Annandale, Race Inde Mus.,

14, pe58, ple2, fige.7; pled, Pige18, 17; 1918, Hora, Rac. Indian
Mus ey, 22, p.208, 192%; type locality: Manipur.

(xiii) Channa burmanica Choudhury, Rec. Indian Mus., 16, p.284,

pl.22, Pig.4, 1919; typa localityi R, Irrawady; N. Burmae.

(xiv) Chenna gachua Menon, Rece Initian Muses 52, pe22, 19543 Manipur.

2+2. Taxonomic status: (Greenuwood gt ale. 1966)

Phylum
Sub=Phylum

Vertebrata

L7

Craniata

Super=class ¢ Gnathostomata

Series ! Pisces

Class ¢ Telsostomi

Sub=class ¢ Actinoptorynii
Super-oraer 3 Acanthopterygii

Drder $ Channiformes

FamiIQ ¢ Channidae

Gonug ¢ Channa (Scopoli, 1777)
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Species 2 1. striatus (Bloch)

c.
2o Co barca (Hamilton)
3. €+ punctats {Bloch)
4. C. stewartii (Playfair)
S« Co orientalis (Schneider)

2.3+ Distribution and Collection Sitea:

This group of fish is distributed throughautllndia, Burma
and Ceylon. Thaey inhibit from elovated leocalities and most inland
districts to within the rangs of tides. Thay gsnerally live in
holas or grassy-edges of ponds, 1akes; streams or riverss. They are
abie to changa-their hébitat by traversing through moist plece of

ground.

A1l these five Channa speciss wsre collacted over g period
! of thres ysars or so from freshwator bodies like étraams, ponds,
lakes stc. in and sround Gauhati (Assam) and Shillong (Meghalaya).

channg.orientalis was mostly collocted from ths streams of Shillong

and adjacant,areasa~311 otherlspecias wore collected from plain .

areas with occasionzl catch of Channa stowartii and Channa punctats

fProm Shillongs

244, Morphomstri¢ Méaauramenté and Moristic Counts :
2.4.1, Morphometric Measurementsie

The differont paramaters employed, to study the gencral
morpholbgical.Featuya§ of the diffareqthfiaq.apécias, arg aqnp§ed
Prom Rickar (1971). These are i= |

(1) Total length (TL) : This is the greatast length of the fish from
its antsrior-most extremity to the end of
the tail Pin. |
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(2) Stsndard length (SL)s It is the greatest lsngth of a fish
Prom its anteriore=most extremity (mouth
closed) to the hidden bases of the median
tail fin rays (whare these meet the
median hypural plate).

(3) Body depth (BD): This is taken at the deepsst point, exclusive

of fleshy or scaly structure at fin base.

(4) Head length (HL): This is mossured with mouth closed from the
tip of the snout or upper lip (whichevor
extands Parthest forward) to the posterior
edgs of the opercblar bone or to the
extremity of the membrans mgrgining the
bone but sxcluding the opercular spines

i?'thase are prassnte

(S) Head width (HW)3 This is ﬁhe groatest dimension with gill

covéra closed in normal position.

(6) Snoutilongth (Sn.L): This is taken with divider from the most
anterior pdint on the snout or uppsr l1lip
(whiehavar_sxtends farthast forward) to

the front margin of the orbit.

(7) Posteorbital length of Head (POL): This is the groeatest
distancs betwesn the hind marqgin of the

orbit and the body opercular margin.

(8) Suborbital depthy This is generally taken from the bony edge
| of the orbit to the suborbital or pree
orbital margin at its dospsst point.



i3

(9) Inter-orbital width (10D)3 This is the loast bony width Prom
orbit to orbit.

(10) Eyo diameter (ED)s This is taken as length of orbit, the
greétestJdistance batwesn ths free

orbital edgs and is oftan obliqus.

(11) Lowsr jaw lengths It is ths lsngth of the mandible taken with
ons tip of ths divider inserted in the
posterior mandibular joint to givse the

maximum possible dimension,

(12) Uppsr jaw langths It is taken Prom the anteriormost point of
the- premaxillary to posterior point of

maxillary.

(93) Cape width: This is the QraatGSt transvarase distance scross

the mouth opening, with the mouth closed.

(14) Pro-dorsal langth (PDL): Distance from the tip of the snout
‘ to the Pirst dorssl Pin raye.

(15) Head depth (HD): This is the perpendicular distance betwsen
the and of tha nape to the ventral sids
of the head.

(16) Girth (G)s Circumference of the body at its despest point.

(17) Base lonpth of the Dorsal fin (DFB).
(18) Base length of the Anal fin (AFB).
(19) Height of the Pectoral Pin.

(20) Hoight of tho Pelvic fin.
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(21) Length of the Caudal fin,
(22) Diastance botusen the Pelvic fin and Anal opening.

(23) Distance between the Palvic fin and Anal Fin.

2.4:2+ Moristic Counts:

(24) Secale counts: 'Lateoral line scales' represent the number of
pored scalss in the lateral line. ‘Scale
above the lateral line' ars counted from
the_drigin of the dorsal fin including
the small scales and counting downwards
and backward too, but including the
latd:al line scale. 'Scales below the
lateral line' are countad similarly to
thoss above but upward and forward from
the origin of angl fin including the
small scals; sometimes caudal podunclge
scéiea are also considerad. The scales
preéent in the head regions are also

countade
(25) flumber of rays in Dorsal fin.
(26) Number of rays in Pectoral fins
(27) Number of rays in Pslvic fin.
(28) Number of rays in Anal fin.
(29) Numbsr of rays inm Caudal Pine
24443, Regression Equation and Biometric Indax!

Besidos these parameters, ths colouration of the fish, sex

and woight are also taken into conaidsration. All tha above mantionad
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parameters are considered from one particular sids of the fishs. To
study the mogphometric characteristics; a regression method has

bean ogmploysd with ths feormula?
:Y-a*e'*iﬁwﬁ;,

whore, 'x' is tha variahls charaétsr; ta' is g constant value to
be deoterminad, 'b*' ia the regression coefficisnt and 'Y' is the
total length. The values of 'a' and 'b'! are doterminsd by ths
following Pormulad | |
b=§¥1£22 a= V= bx
x° e n(x)
whare n is the total number of langth groups; X is the mean of 'X°

and 7 is theo moan of "Y',

Biometric indox for sach spsciss has baen calculated out as
doscribed by Tobor (1974), by taking the ?ollbwing parametors in
relation to the total length and head.ilength as mentionsd belowse

Standard length, Body dopth, Girth, Head length, Head width,
Head depth, Pree-dorsal length, Base of Dorsal fin and Base
length of Aral fin in rolation to Total length, and Eye
diameteor, Snoutllangth, Inter-orbital distance, Post=orbital
distance, Head width and Hoad depth in relation to Head

langth, hava besn considercd.
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3.1« Morphometry and Maristic Counts of Channag striatus.

3e1e1e Morphomatey
Tha results obtained on morphometric study of Channa

striatus have been presented in Table«1 and summarised below ¢

Total length: The mean valus of totel length (cm) is found
to be 27.67 cme with a range from 18.8 to 33.4 cm. and in
percentags of standard lsngth, it is found to be 114;34}

Standard langthﬁ Tho mean aﬁandard iangth is recofded as
24.2 cme. and the rangs of standard length is found to be 16.5 to
288 cme ' ‘

Body dspth: The mean vaiue of body depth is found to be
3.82 cms When sxprassed as percentags of standard length it is

found to be 15.79. The rangs sxtends from 2.65 to 4.5 cm.

'Head‘laqgﬁhz The mean value of hsad length i3 recorded as

742 cme with a raﬁge~From 5.4 to 8.7, When oxpressed as

percantags of standard length'it is found to ba 30.66.

Girth: The mean ualua'd? girth as recordasd is 12,26 cm. and
whan oxpressed as parcentage of standard length it is found to be

50.68. The range varies betwesn 9.1 and 14.4 cnm.

Pro=dorsal length! The msan valus for pre-dorsal length is
rocorded s B8+14 cm and the rangs varies betwson 6.05 and 9.65 cm.
when the mean valus is oxpressed as'percentage of standard length

it is found to bg 33.64.

Dorsal fin bass lesnaths The mzan value for dorsal fin bass

length is recordsd to be 13.83 cm. whersas the range is from 9,7
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to 16.2 ems When expressed as percentage of standard length it

is found to be 57.13.

Anal fin base lenath: The mean value for anal fin base

length is rocordod to bo 8.53 cme The range varias betuwsen 5.65
and 1042+ When it is oxpressed as percsntage of standard length,

it is found to be 35:25.

Hoight of dorsal Pin: In this case, ths maan valus obtainsd
is 2.26 cme. When it is expressed as parcantage of standard length,
it is found to bs %9.94. The minimum and maximum valuss ars 1.35

and 3.05 cm. respactively.

Hoight of pectoral Pinst The mean value for this parameter

is 3.55 cme with the minimum and maximum valuss of 2.0 and 4.6 tMe
respectively. When converted as porcentage of standard length it

is recordad as 14.67.

Height of palvic Pin: The mean value for pelvic Pin eheight

is found to be 2,67 cm. Whan éXprasséd as parcentags of standard
langth it is found to be 11.04; The ranga for this parameter varies

betuwaan 185 agnd 3.4 cme

Height.oﬁ’nnal fin: The mean value is found to be 2,03 cm.

When axpressed as percentage of standard longth it is recerdsd to

be 8:54. Tha ?anga variss botusen 1.25 and 2,45 cm.

"'LaquhLOf,cauﬂa;vFinz The mean valus Por this paramatsr is

found to bo 3.49 cme The minimum and meximum valuas recordaed are
2¢3 and 4.6 cm. Whon the mean valus is oxpresssd as psrcentage of

standard lengﬁh it is found to be 14.45.
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Distance botwaen pelvic fin to anal openings The mean value

for this parémater is found to bs 4.29 cm. When it is exprassed as
percentage of standard length¢ it'is found to be 17.73. The ranage

varies botucen 2.6 and 5.4 cme

. Distance batwasn pelvid.?in to anal ?ih: The mean value for
this parameter is found to be 4.48 cme. When expresssd as percentage
of standard length it is found to be 18.51. The values range

batusen 2.9 and 6.5 cme

Hoad widths The msan value obtained for this parameter is

3.71 cme with a minimum and a maximUm-valua of 2.8 and 4.6 cme
roapactively. When expressed as parcentage of standard length it

is observed to bo 1533,

Head dopth: The mean value obtainsd for this parameter is
3,11 cme Whon oxpressed as percentage of standard length it is

found to bes 12:85. The rangs varies bstwsen 1.9 and 3.95 em.

Snout lenaoths The mean value for snout length is caleculated.
ocut to be 1.51. when this is expresséd as percentage of hoead length

it is found to_be 204350 The value ranges botussn 0.9 and 1.8 cme

Eyg dismeters The mean eyo diameter Por this fish is found
to be 0.9 cme When this is converted to percentage of head length

it is found to7ba-52«13¢ The value-réngas betuaen 0.7 and 1.1 cmo

Postéorbital_lengtha The mean value for pogsteorbital lenggh

"is found to bs 4.69 em. with the minimum and maximum valuss of
3.65 and 6.1 cme. rospectivoly. Whan converted the mean valus as

porcentage of head length it is found to be 63.21.



Table=1 § Morphometric Analysis of Channa striatus

Mean Mean % ,
Parameters (cm) standard Rangs (cm)
" length
Total length 27.67 114.34 1 18.8 = 33.4
Standard langth 2462 1645 = 2B.8
8ody depth 3.82 15.79 2:65 = 4.5
Girth 12.26 50,68 9.1 = 14.4
Head length 7,42 30466 5.4 = B.7
Pro=dorsal lenath B.14 33.64 6.05 = 9,65
Dorsal fin base length 13.83 57.13 947 = 1642
Ansl fin base langth BeS3 35,25 5465 = 10,2
Height of dorsal fin 2026 9.94 1.35 « 3.05
Hoight of pectoral fin 3.55 14,67 2.0 = 4.6
Height of pelvic fin 2.67 11.04 1485 = 3.4
Height of anal fin 2.03 854 1425 = 2445
Length of caudal fin 3.49 14.45 2.3 = 446
Dist. botn. Pol.F. to Anal.Dp. 4.29 17,73 2.6 = B.4
Diste batn: Pol.F. to AnaléfF, 4.48 18.51 2.9 = 6.5
Hoad width ' 3071  15.33 2.8 = 4.6
Hoad dapth 3411 12.85 1.9 = 3,95
faramaters ?2:? ﬁgzg %eﬁgth Rangs
Snout.; lsngth 1.51 20.35 0.9 « 1.8
Eye diamator 0.9 12.13 0.7 = 1.1
Post orbital length 4,69 63421 3.65 = 6ot
Sub=orbital lenath 0.66 B.89 0.5 = 0,9
Inter orbital distance 1.79 24,12 1625 = 2.1
Upper Jaw lenagth 3.02 40,70 2.2 = 3,4
Lowsr jaw lsngth 323 43451 2:3 = 3.8
Gape 1.4 18.87 12 = 1.7
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Sub=orbital length: The mean valus of this paramster is

racorded to bo 0«66 cm. which is 8.89% of the mean head length.

The value rangas bstwsen 045 and 0.9 em.

Jnts:#orb#tal_diaﬁgncqé The mean value for this paremstor

is fouad to bo 1.79 cme Whon it is oxpressed as percsntage of hoad
langth, it i3 found to be 24.12. The rangs varies bstwsen 1.25 and

201 CHle

Uppar jaw leng__s The maan value for this paramster is found

to ba 3.02 cme with the minimum and maximum valuss of 2.2 and 3.4
cme respectivelys when it is expresssed as percentags of head

length, it is found to be 40&76.

Lowar jauw Leﬁgtﬁ: The mean valus for this paramater is

roecorded to be 3.23 with the minimum and maximum values of 2,3 and
3.8 cms rospectively. When it is expressed as percsntage of head

longth, it is Pound to boe 43.51.

Gape width: The mean value Por the gape is Pound to be 1.4

cme When expressed as percentage of head length it is found to be -
18.87, The minimum and maximum valuss rocorded aro 1.2 and 167 c¢¢

respectively.

34142+ Mapistic counts

Tho dotails of meristic counts are given in the Tablee=16

and summarised as ?allbwa:

Dorsal fin rays: The mesn value is feund to be 43.,5. Ths

rangs variss botunen 41 and 46,

" Pactoral Pin rays: The mean value is 15.86, which varies
betwesen 15=18.

2}
m
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Pelvic Pin rays: This is found to 6 and observasd to be

canstant.

Anal fin rays: The mean value is found to be 26.86 with the

minimum and maximum valuss of 26 and 28 respectively.

Caudal fin rayst The mean value is found to be 15.43. This

ranges betwsen 15 and 16e

Lateral lins scales: Tha mean numbar is rscorded to bs 60.07

which variss botwsan 57 and 61.

Transversa scales: The m@an valus obtained is 7.93/11.03.

This varies betuwsen 72/10% to 83/113.

3.1+3. Regression sguations

- Tho regrsssion equations for various worphometric paramsters

studiadvﬁot_ﬁhanna striatus are presanted in Table=2.

3.1.4. Biometric Indiges
- For all ths charactors (morphometric) studied, a mean
biometric index for sach 3.0 dm¢ length group has been analysed

and prosented in Table=3; Fige 2.

3.2. Morphometry and Moristic Counts of Channa barca.

32610 Mvnphometry

The results obtainsd Por morphometric measurements of Channa

barcg have bsen presentad in Tableaé and aumﬁarised,be;ow : .

Total lgqggbs The mean velue for total length is found to be
25.51 cm. When sxpressed as porcentage of standard length 1t_;sf

found to be 107.37¢ The value rangas between 17.5 and 34.5 cme



" Table=2 ¢

Ragrassion Equations on Morphometric Paramsters of
' Channa striatus

Paramaters Ragression E£quations
Total length (Y) VS. Standard length (x) Y = 0.1754 + 1.1264
Total length (Y¥) VS. Body depth (x) ¥ = 2.1002 + 6.6428
Total length (Y) vS. Girth (x) | Y = 2.5926 + 2.1394
Total langth (V) VS. Head langth (x) - Y = 1.6740 + 3.7769 x
Totai length (V) VS. Eys diamster (k): Y = 1.6014 + 31.2631 x
Total length (Y) VS. Snouthlength (x) o Y = 0.6004 + 18.2222
Total length (Y) US. Posteorbital length (x) V=1.9164 + 5.4745
Total lesngth (Y) VS, Intgreorbital langth (x) Y = 0.5001 + 15.3809
Total length (Y) V¥S. Head depth (x)' o Y = 0.5994 + 9.111
Total longth (Y) VS. Pra<dorsal lenath (x)f Y = 0.6236 + 3.2044




Table-3 : Biometric Indices in different langth groups of Channa striatus

GROUP I GROUP II GROUP TI1 GROUP 1V GROUP ¥ GROUP VI

| Parametors 45.1.21.0 cm 21.1-24.0 cm  24.1=27.0 cn  27.1-30.0 cn  30.1-33.0 o 33.1=36.0 cm
TL/SL 1.14 1.14 1045 1.14 1.14 1.16
TL/ED 7.12 7.65 7.8 7.08 7.37 7.42
TL/Girth 2.09 2.39 2.33 2422 2.28 2.32
LML 3.5 3.82 3.65 3.68 3.81 3.98
CTufeol 3,15 3,72 3439 3.39 3.42 3.67
- TL/OFB 1.97 2.08 2.01 1.95 2.03 2.06
 TL/AFB 3037 3.54 3.5 3.24 3.28 3.34
TL/Hy 6.69 7 .41 7.45 7.75 7252 7.26
T HD 9.7 | 9.42 9.92 8.97 8052 9.15
HL/ED 79 7475 8.29 8.33 8.38 7.64
HL/10D 4432 3.88 4.08 4417 4.19 4,0
HL/Sneb o 5.82 517 Seid 4475 4,77 4.67
HL/POL 1.50  1.48 1.43 1.47 1042 1.46
HL/HW 1.83 1.98 2.11 2.04 1.94 1.91

HL/HD 277 2.38 2.45 2.44 2.24 2.3
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o

Standard longth: The mean value for standard longth

obtainedlis.23‘76 cmes The rangs varies bstuwsan 14.9 and 29.5 cme

'Bqdy depths Thé‘@eén Géiéélia racordsd to be 3.51 cm. When

expfsssed as percontage of standard longth it 1s Pound to be

144770 The tanga-variea botween 225 and 4.7 cm.

' Girth: Tha mean girth obtainod is 11.39 cms When converted
_as porcontage of standard langth 1t is recorded to be 49.93, The

Avalua varias batusen 7.9 and 14.9 cme

Hoad 1angth3 The mean valus Pbr this parametar is found to
be 6493 cme. with the minimumiaﬁd maximum valuas of 5.0 and 8,95
A*cm¢-raspsdﬁlvély.‘Whén expressed as nercentage‘ofjstandard langth

it is Pound to be 29.17s

‘Rfeédorsal langzgﬁ The mean value for this paramster is

found to be 7:56 cms with the minimum and maximum valuas of 5.3
and 10,2 céq ieépéctivaiy» Qheﬁ eipréasad aé pércéntége bf

standard length it is found to ba 31.82,

Dorsal fin hase longth: Ths mean value of this parameter

recorded is to bs 13+54 cme The rangs varies bstusen 935 and 1847
cne. When convertsd as percentage'of standard langth it is Pound to

be 56.99,

Anal fin base lengtht The mean values is Pound to be 7.7%

cm.‘The.réqgegvaries‘begwaen 4.9 and 11.0 cm. Whan sxpressed as

percehtagé of standard longth it is found to be 32445,

Haigpt“oﬁ,doraal,fins The moan valus for this parametor is

rocorded to be 2315 cms The value ranges batwagn 1.3 and 2.95 cm.

whon oxpressed gs percoantags of standard length, is found to be 9.63.

I



Table=4 3 Forphomstric

Analysis of Channag _bares

Maan

o Mean % _
' Paramators ' (em) satandard Rangs (cm)
‘ ~‘ o length —
Total length 25,51 107,37 1745 = 34,5
Standard length 23.78 - 14.9 = 29,5
Body dopth 3,51 14,77 225 = 4.7
Girth . 11,39 47,93 7.9 = 14,9
Head lsngth 6493  29.17 5.0 8495
Pro=dorsal length _ 756  31.82 5.3 = 10.2
Doraal fin bass length 13.54 56499 9.35 = 1847
Anal fin bass length 771 32.45 4,9 « 9.0
Height of dorsal fin 2015 9.63 1.3 2.95
Height of pactoral fin 334 14.06 242 4.6
Height of pslvic Pin 243 10.23 1.6 Je2
Haight of anal fin 1475 7.37 141 2035
Langth of caudal Pin 3,75 15.78 246 5.0
Dists botn. Pale.F.to A.oponing 3.41 14435 201 4.7
Dist. betn. PaleF.to Anel fin  3.83 16.13 2.5 5.95
Head width ) 3.62 15424 2,25 5.4
Head dapth 3,08 12,96 1.9 4.3
Parameters ?ﬁg? nggﬂlfng:h Rangse (cm)
Snagut length 1446 21.07 7.1 1.8
Eye dismoter 0.82 11.83 0465 =« 1.0
Poat orbital langth 4.82 69,55 3,15 = 6035
Subeorbital leongth 0.64 9.24 05 = 0.75
Inter<orbital length 1.62 23.39 1.1 = 2,2
Uppar jaw longth 2.74 39.49 2.1 3.3
Lowsr jaw langth 3.06 44.20 2.3 3.85
Gaps - 1.16 16.69 1.05 = 1,30
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Haigbt of poctoral fin: The mean value is found to bs 3.34

cme for this parameter. The minimum and maximum valuss are 2.2
and 4.6 cm. rospectivaly. When axpressgsd as percentage of standard

length it is found to bs 14.06.

Haight aprelvic.?in: The mean valus is found to be 2.43 cm.

The valus ranges botween 1.6 and 3.2 cm. When expressed as

percentage of standard length it is found to bs 10.23.

Height of anal fin: The mean value for this parameter is

recordad to be 1475 cme The minimum and maximum valuss arc 1.1
and 2.35 cms raspectively. When this ‘is converted as percentage

of atandard langth it is ?nund to ba 7.37.

Leng}h of caudal Ping The mean value for thxs paramater is

Fnund to bo 3.75 cme. with a range betwssn 2.6 and 5.0 cme Yhen
-expressed as percentage of standard length it is recorded to be

15,78,

Distance botwasn pelvic fin to anal opsning: The mean value

for this parameter is found to. be 3.41 cm. Thse valus.ranges betwsen
2q1'and 4.7'cmo when>expreséed;asiparcsntage of standard length it

is Pound to‘be.1aass;'

Haad widths The mean value for this parameter is found to

be 3 62 cm. ?ha value. ranges betuaen 2025 and S. 4 cme. When

expressed as parcentage of standard longth it is found to be 15. 24¢

Hoad depth: The mean value for this paramete: is found to
be,3.08'cm.fThe minimum and maximum valuss recorded are 1;9 and
4.3 .cm. rospactively. When converted to psrcentage of standard

length it is found to be 12.96. ,
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Snout lquth: The mean value for snout leongth is Pound to

ba 1.46 ceme The maximuﬁ and minimum values recorded are 1.8 and
141 cm. respectivaly. Nhen expressed as parcentaga of head length

it is fDUﬂﬂ to bB 21 0070

Eye diameter: The maaQWValue for this paramster is found

to be 0.82 cme The rénge varies between G.65 and 1.0 cm. When

' expressed as porcentags of head length it is rscordsed to be 11.83.

.Poatqorbital«lengggg The mean'value is found to ba 4.82 cm.

The value‘faﬁgas‘betmeén.3.15'and 6+35 cm. Whan oxpressasd as

porcantags of head length it is Pound to be 69.55.

Subeorbital lsngtht The mean valus for this parameter ie

found to ba 0.64 cme Tho value variss bestwsen 0.5 and 0.75 ce

When expreésaﬂ as pétcentagéléf tsad léngth; it is Pound to be 9.24,

Intaroorbital leng__g The mean valus for this parametar is

found to by 1:62 eme The minimum and maximum values obtained ars
1.1 and 2.2 cme rsspactxvaly. whan expressed as percentage of

haad langth it is Found to be . 23 31q

'~'ﬂpper;iam-langth: Thavmaan value ;s Fo@n# to 59-2.74 CMa

The minimum and maximum values'racordéd aro 2.1 and 3.3 cme
respactiuely. when exprassed as percentage of head length it is

Pound to ba 39, 490« :

Loweqﬁiau leng;h: The maan ualua is Paund to be 3.06 cme

The valuas rangas betuaen 2.3 . and 3 85 cm. When expressed as

} percsntage of head,langth it is Found to be 44.20,

Gapa midths“!ﬁe méan value for this parametor is found to




Table=5 t Ragression Equations on Morphometric Parameters of Channa bareca

Paramaters " . Regression Equations

Total length (V) US. Standard length (x) = 2.9527 + 1.0694 x
Total length (V) US. Body depth (x)

Total length (YY) VS. Girth (x)

Total langth (Y) VS. Head length (x)

Total length (Y) VS. Eyo diamstor (x)

Total length {¥) VS. Snout length (x)

Total length (V) vs;?noetwonn;tal longth (x)
Total length (V) VS. Iﬁtereonhital length (x)
Total length (¥) VS. Head depth {x)

" Total length (V) US. Pre-dorsal length (x)

= 1.0602 + 7,0545 x
0.8219 + 2.2602 x
= 1.5021 + 3.7079 x
2.1563 + 31.6250 x
= 1.4308 + 14,3463 x

.

= 2.0632 + 5.1487 x
2.1275 + 13,6414 x
2.3761 + 7.9591 x
= 1.0989 + 3.2849 x

]

]

< K | ) | k= g L =<
il




Jrigaa 3 Qiametric-lndicea in diffarent length groups of Channa barcae

e

g .- GROUP I GRGUP II GROUP III  GROLP IV GROUP v GRUUP VI GROUP VIT
Paramatars 15010180 18.1=21.0 21.1=24.0, i2841227.0 27.1=30.0 30.1=33.0 33.1=36.D

Ciite Cite CQe Chite: cme . oM.

TL/sg;t Cfde 1.7 1.6 1.9 1.19 1.47 147
TL/ap 7.78 7.28  7.28 741 6.83 7437  7.34
TL/Girth 2.22 2.2 2.23 2.25  2.49  1.28 2,32
TL/EL 3.51 3.58  3.88 3.68 3.45 = 3.69 " 3.88
TL/PDL 3.29 331 3.59 3,49 3.8 . 3.28 ' 3.38
TL/DF8 . 1.88 1.9  1.97 1.899 1.73 1.89 " 1.84
TL/AFB 3,55 3.48 3.59 3.38 2.98 3.14 3.14
TL/HY 7.79 7.36 7.34 7.19 6.83 6.7 6439
TL/HD 9.1 8.67 BT 8433 7.78 7.91 - B.02
HL/ED 7077 7.79  8.64 8.43 8.53 9.03 . 8.9
HL/10D 4.39 3.76  3.78 3.82 4.05 4.06 4.05
HL/POL  1.58 1.48 1.4 1.33 1.47 1.41 1.4
HL/Sn.b . 4.39 4.43 455 4.78 5.06 4.92 4.94
HL /HY 2.21 2.06 1.89 1.96 1.98 1.82 1.65

HL/HD 2.59 2.42 2.57 2.26 2025 214 2.07
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to be 1.16 cme The minimum and maximum values racorded are 1.05
and 193BIOMo resD@ctiuélyo \WWhen exprassed as percentage of head

length it is found to be 16469,

3.2.2, Moristic Counts
The details of meristic counts are presented in the Table-

16. 1t is summarissd below:

Doraal ?in rays: The mean valus for this parameter is

racordsd to be 44.47, uhsreas the minimum and maximum valuss

recordad are a3s49o

ﬁechoral Pin rayss The mzan valus is found to be 16.73.

Tha rangs vatries bstween 16 and 17

fﬂaluicffin‘régss Thelnumbar of palvic ?iﬁ rays ié feuna to

6 and as a congtant,.

Anal fin rayss The mean value for this parameter is ?ound

to bo 26.47. The nuﬁbar varigs betwsan 25 and 28.

ACaudal Pin :ayéz,ThE ma@n valua~19'recorded to. be 14.27,

which varies between 14 and 15.

Lateral lina_scaless The msan numbser recorded is 59;93{

~ The rarige vatisa*between 58 and.63.

Transversa scaless The moan value is found to be 8.17/11.23.

It variss betwaen 7#/10% and 9%/11

3 2.3. Regressian aquations?

The regression equations for various morphometric para°

meters are prosanted in Table«S for Channa baresa.
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352044 Biometric indicaa

For all the morphometric paramstars studied; a msan
biometric index Por each 3.D cm. length group has bsen

calculatsd out and preossnted in Table«i &y Figs 3.

3.3, Morphomatry and Meristic Counts of Channa punctata:

3.30.10 Morphomotry

Tha rosults recordad on morphometric measuremants aof Chaana

punctata have besn:presgnted in Table=7 and summarised belows

Tokal lengths The mean value obtainsd for total length is
Wm ‘
found %o bo 14:74 cm. The range varies betwsen 8.6 and 21.0 cm.
Whan expreassd as porcentage of standard length, it is found to

be 11?94740.

Standard lanath: The mean valus recordad for standard

length is Pound to be 12.31 cme. The minimum and maximum values

obsarved are 7.2 and 17.7 cme respectively.

Body dapth: The msan value for this paragmster is racorded

to bo 2.53 cme The rangs variss between 1.6 and 3.6 cme. When

axpressad as percentage of standard length it is found to bs 20.55.

Girth: The mean valus for girth is rscorded to bs 8.16 cme
with & range varying betuwoen 4.8 ahd 12,0 cm. Whan expressed as

percentago of standard length it is found to be 66.29:

Haad_langth: The mean valus for this parameter is found to
be 4427 cme with a range uarfing botwsen 2.4 gnd 6.1 cme When
axprossed ag percanﬁage of standard length, it is found to be
34469,
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Rreydorsai_}angths The mean value obtained i 4.63 cm. The:

minimum and maximum valuss ars 2465 and 6.7 cme rospoctively.
Whan expressed as pesroentagse of standard lonngth it is found to
b 37.61%.

Dorsal fPin base lenqth: The mean value for dorsal fin bass

lsngth is rocorded to bs 6.77 cme The rangs varises betwsen 3.5
and 10,3 cmy When expressed as parcentage of standard length it
is Pound to be 54.5%.

Anal Pin base longth: The mean valua Por this parameter is

found to be 4.58 cm. The rangs is from 2.5 to 7.1 cm. When

exprossed as percentage of standard length it is found to be 37.21,

Height of dorsal fin: The mean valus is found to be 1.31 cme

with a rangs rahging between 0.85 and 2.2 cmes Whan sxpressed as

percaentaqge of standard length it is Pound to be 10.64.

Haigpt.oP}paqtntal fing The mean value for this paramster
43 rocorded to bo 2.14, with a range varying betwsen 1.3 and 3.3
che When it is oxpressod as psfcentags of standard length it is

found to ba 17.38.

Hoight of pelvic fin: The mean value is 1.57 cme The range

is Prom 0.9 to 213 cmoe When expressed ss percontage of standard

langth it is found to be 12.75.

Hsight:of @nal fing The moan valus is found to be 1.17 cme

The rangs varies botumen 0.9 and 2.3 eme. When expressed as

percentage of standard length it is found to be 9.50.

Longth of ecaudal fin: The mean value 1s 2.42 cm. The range




Tabla=7 3 Morphomatric Analysis of Channa punctata.

Hean

Mean %
Parameters (em) standard Range (cm)
longth

Total length 14.74 119.74 Be6 = 21.0
Standard longth 1231 - 7.2 = 17,7
Body depth - 2453 20655 16 = 3.6
Girth Be16 66429 4.8 » 12,0
Haad lsngth 4427 34.69 2.8 e 6.1
Preedorsal length 4063 37.61 2.65 « 647
Doraagl fin base length 6477 54499 3.5 = 10.3
Anal fin base lsngth 4,58 '37f21 25 @ 7.1
Height of dorsal fin 1431 10.64 0.85 « 2.2
Haeight of psctoral fin 2.14‘ 717;38 13 & 3.3
Hoight of pslvic fin 1.57 12.75 09 = 2,3
Height of anal fPin 117 9.50 0.9 & 2,3
Langth of caudal fin 2642 19,66 1.3 « 3,8
Dist.bstn. Pel.F. to A.opaning 159  12.92 0.9 = 2,2
Dist.betn. Pal.fF., to Anal fin  2.35 19.09 1.0 « 2,5
Hoad width 2465 27653 1¢5 < 4,0
Hoad Depth 2.34 19.01 13 = 3,3

Parameters ?gg?. Maagefdo? Rangs (cm)

ength

Snout length 0.74 17,33 05 = 1.0
Eye diameter N.58 13.58 Ded o D7
Post=prbital length 2499 70,02 156 = 4.2
Sub-orbital length 0.25 5.85 0.1 - 0.4
Inter=orbital length 1.04 24,36 0.6 = 142
Upper jaw length 12 28.1 085 =« 1.6
Lowsr jaw length 1.34 39.38 0.9 =« 9.8
Gapa ' 0«79 1845 0.4 = 1.8
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variass batwsen 1.3 and 3.2 cm. then expressed as parcentage of stan-

dard longth it iz racorded to be 17.66.

Nistance betwsan palvic fin and Anal opaning: Tha mean value

is 159 cme The minimum and maximum valuas observaed are 0.9 and 2.2
cme rospectively. Whan expressed as percentage of standard lsngth

it is found o be 12.92.

Distance bhobwssn pelvic fin and Anal fin: The me2an value is

recorded to bs 2.35 cpe Tho ranges varios betwzen 1.0 and 2.5 cm.

When expressed as parcantage of standard length it is found to be

19.09.

Hoad width: The mean value is 2.55 cm. The-ranga variss

botuwsen 1.5 and 4.2 cme. When exprasaed as percentage of standard

length it is recorded to be 21.53.

Head depth: Tha mean value is found to be 2.34 cm. with a

range between 1.3 and 3.3 cns« When axpressed as percentage of

standard length it is found to bas 19.01.

Snout length: The hsan langth is found to bs 0.74 cm. The

range varies betuesn 0.5 and 1.0 cme When exprassad as psrcentage

of head length it is found to be 17.33.

Eye diagmater: The msan value for this parameter is found to

ba 0.58 cme The range varies betuwsen D.4 and 0.7 cn. When expressed

as percentage of head length it is found te be 13.58.

Pastepohitsl langth: The moan ualhé is recorded to be 2.99

cm. The mininum and maximum valucss are 1.5 and 4.2 cm. raspectively.

when expressed as psrcentage of head langth it is found to be 70.02.
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Sub=orbital iengthz The msan valus for this parameter is

recorded to be 0.25 cn. The rangs varies botween 0.1 and 0.4 cm.
¥Yhen expressed as percentage of head length it is recorded to be

S.85.

Inter<orbital langgnf The mean value for this paramester is

found to be <04 oms Tho range varies betwsan 0.6 and 1.2 cm. When

axpressed as percontags of hesad lsngth it is found to ba 24.36.

Uppartigw lengggﬁ The moan value for this parametsr is found

to be 1.2 cme The rangs varies betwsen 0.85 and 1.6 cme When

axprassed as psrcentage of head length it is found to be 28.10,

Lowsr jaw length: The mean value is 1.34 cm. The minimum
and maximum ranges are 0.9 and 1.8 cm. respectively. When expressed

as percentags of hééd length it is recorded to be 31.38.

Gaps width: The mean value for gape width i3 recorded to bo

0.79 cme The minimum and maximum valuss are 0.4 and 1.8 cm. respece
tively. Whon expressed as percentags of hsad length it is found to

be 18.50.

3.342« Mepristic Counts

The dotails of the meristic counts are presented in the

Tables=16 and summariscd bolows

Dorsal fin rayss The mean valus obtained is 29.32 with g

range varying from 28 to 30.

Pactoral Pin rayst The msan value is found te be 14.39 with

a range varying from 13 to 16.
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Palvic Pin raysi The mean valus recordsd for this parameter

is found to be 5.,35. The range varios bstusen 5 and 6.

Analfﬁiﬁ rayés Thé moan ualua.is found to bs 19.9. Ths

range varies batwaen 19 and 22

ggudg1>91g rayss The mean value recordsd is found to be
13.87 with o range verying bewa_en 13 and 15 in numbor.

 Latoral lino seales: The mean value for this parameter is

found to bo 38.97. The range veriss betwsan 38 and 41.

Transuerée_scelesz Tho maan values cbtained are found to

bo 4.98/8.85. Tha'ténge varios bastwsen 43<54/84-93.

3:30.3, Raq:aasidh Equationgs

The regression aquation Por various merphometric parameters

are calculatoed oufzaﬁd prasontaed in Table«8 for Channa punctata.

3+3+4 Biometric Indices:
For all the morphometric parameters studisd a mean biometric
indices for each 240 cme. length groups has besn calculated ocut and

presented in Tables9, Fig. 4.

3.4, HMorphometry and Maristic Counts of Channa stswartii.

3:.4.95 Morphometey

The results‘recqrdgd on morphahatric measuremants of Channg

stowartii have boen praessented in Table-10 and summarised bolowse
w

Total_lendtha Tha moan valus for totsl length is- found to

be 12:02 cme Thg ninimum and maximum ranges are 8.2 and 16,1 cme



Table~8 : Regression Equations on Morphomstric Parameters of Channa punctata.

Parameters S ::. L -~ Regression Equations

]

Total length (Y) Us.. Jtandard 1Bngth (x)_ 1.5681 + 1.2007 x

Total langfh'(Y)~U3. Body, depth (x) = 2.5416 + 5.0016 x
Total length (Y) VS. Girth (x) - = 0.8464 + 1:6274 x

Total length (Y) VS. Head length (x). = D.5386 + 3.3439 x

N

Total length (Y) VS, Eye diameter’ (x) 4.4902 +‘20}043éﬂx"

Total length (¥) VS. Snout langth (x) 1.1676 + 16,1112 x

Total length (Y) US. Post-orbital length ("). = 0.1087 + 5.1074 x_

i

Total langth (Y) us;‘xntereorbltal length (x)'», 0.1091 + 14:2054 x

Total-lang;h (¥) vs. Head depth (x) = 0.2197 + 6.2782 x

< < < <X < =< = =< .< <
i ) B,

Total 1ehgth'(v)5v9;jpre-dorsa1 length (x) = 0:6528 + 3.0941 %




Table=9 : Biomatric Indices of different length groups in Channa punctata.

p GROUP I GROUP II  GROUP IIT GROUP IV  GROUP ¥ GROUP UI GROUP VII
Paramsters  g,1.10.0 10.1=12.0 12.1=14.0 14.1=16.0 16,1=18.0 18.1=20.0 20.1=22.0

| CMe cn. oMo cMe Cifle cMe . CMe
TL/SL 1.18 1.21 149 1.9 1.19 1.22  1.19
/80 " 5.41 5,83 6.01  5.56 5.96 6.18  5.83
TL/GLEth 1,75 2.34 - 1.76 1.74 1.88 1.93 1.75
TL/HL 3.46 3.38 3.34 3.38 3.54 3,69 3.44
TL/POL 3.25 - 3.23 3457 3.13 3.20 3.29 3.13
TL/DFB 2.4 2422 2.17 2018 2.5 2.8 2.04
TL/aFB 3423 - 3433 3.17 3.19 3.34 312 2.96
TL/HE 558 5459 - 4.67 . S.46 5.67 5.81 5025
TL/HD 6.18 6422 - 6431 ' 6.02 6.45 6.86 6e36
HL/ED . 6425 - 7429 7.07 7.47 7451 7.69 8.7
HL/T0D 47 4.3 8472 4427 4.17° 4.02 3.81
HL/POL L1520 .50 1.49 1.39 1,38 1,40  1.45
HL/SReLe " 4455 5.38 6406 - 5.82 5.6 - 601 . 6.78
HL/HY 1.61 166 1.4 1.61 1.6 1.57 . 153

HL/HD ' 1.79 1.84 1.89 1.78 1.82 1.85 1.85
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respactively. Whén oxprassed as percentage of standard length it

is found to be 117.73."

Standand langth: The moan value for this parametsr is found

to be 10.29 eme. The range varies botuween 6.3 and 13.4 cm.

Body depths The maasn valus obtained for this parameter is

1.86 cm. with a range varying betwsen 1.0 and 2.75 em. When

sxprossed as percentags of standard length it is found to bs 18.22.

Gi:thé Tha mean value is found to be 6.33 cm. The rangs
varies betwasn 3,6 and 8.75 cme. When expressed as percentags of

standard langth it is found to bs 61.9%.

Hoad length: Tho mogn valus is found to be 3.02 cme The

rang? varies hatwsen 1.85 and 4.2 cme. YWhon expressed as percentage

of standard length it is found to bes 29.58.

Proedorsal lengths Ths mean value is recorded tovbe 3.45 gm.
The range varies betwassn 2.0 and 4.6 cme. When expressed as

percentage of standard length it is found to be 33.79.

Dorsal fin base length: 5.98 cme is found to be the mean
value for this parameter. The minimum and maximum valuss are 3.75
and 8+25 cme respectivsly.'Whan‘expressed as percentago of

standard length it is found to bs 5B8.57.

Ansl fin base lengths 3.58 cm. is found to be the mean

valuse Homever, the rangs veries betwsen 2.4 and 5.7 cm. When
exprassed as porcentage of standard length it is rscorded to be

35006,



Teble=10 ¢ Morphometric Analysis of Channa stowartii

Paramoters '?ig? Sﬁiigaéd Range {cm)
langth
Total langth 12.02 117.73 Boe2 = 1641
Standard lsngth 10.21 - 63 = 13.4
Sody dopth 1.86 18,22 1eD = 2,75
Girth 633 6199 3.6 = B8.75
Head langth 3,02 29.58 1.85 = 442
Pro=dorsal length 3.45 33.79 2.0 =. 4.6
Dorsal Pin bass length 5,98 58457 3.75 = 8425
Anal fin base length 3.58 35,06 2¢4 = 5.7
Height of dorsal fin 1.08 10,58 0.8 = 1.4
‘Hedght of pactoral fin 1.74 17.04 11 % 2,5
‘Hoight of pelvic fin 877 - 7Te54 0.6 = 1.1
Height of anal fin 0.92 9.01 0.65 = 1.2
Length of caudal fin 1.77 17.03 144 = 2.8
Diast. betn. Pale.F.to Anal Op. 1.23 . 12.05 0.8 « 1.8
Dist. betne Pel.F.to Anal Pin  1.53 . 14.99 1.0 = 2.1
Head width 2.06 20.18 1.2 « 3,0
Head depth 1466 16426 0.8 « 2.4
% a
Parameters ?ig? Ngggdﬂ Rangs (cm)
1angth
Snout length 0«57 18.87 0.3 = 0.8
Eys diamoter 0.47 15.56 0.3 = Db
Posteorbital length 1.99 65.89 1.1 = 2635
Subeorbital length 0.24 7.95 0.15 = ©0.35
Intor-orbital langth 0.96  31.79 D55 = 143
Uppar jaw length 0.97 3212 0.6 =« 1.45
Lowar jaw length 1.14 37.75 D75 & 147
Gapo 0.82 27415 0u6 = 1,1
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Hoight of dorsal fin: The mean valus is found to be 1.08
cms Thg range varies betwaan 0.8 and 1.4 cm. Whan expressed as

parcentage of standasd langth it is found to be 10.58.

Height of pactdral Ping The mean valus is found to ba 1.74

che The range varies botwsen 1.1 and 2.5 cme. When expressed as

percentage of standard longth it is Pound to be 17.04.

 Hoight of pelvic fin: The mean value is found to be 0.77

cn. Ths range varies batwssn 0¢6 and 1.1 cme Whan expressed as

parcentage of atandard length it is found to be 7.54.

Height of anal Pin: The mean valus is found to be 0.92 cMme
The minimum and maximum valuea,are 0.65 and 1.2 cm. raspectively.
When sxpressed as percentage of standard lesngth it is found te be

9.01,

Langth of caudal Pxn' The mean value for this parameter is

found to be 177 cme Tha rangs variss bstuwasen 1.4 and 2.8 cm. When

axpressed as perceﬁtage of atandard length it is found to be 17.03.

Distance betwsen pelvic fin to_anal opaning: The mean valus

ist1«23 cmngha rangas is from 0.8 to 1.8 cms. When converted to

parcontage .of standard length it is found to be 12.05.

Distanco batwsen paivic*?in to‘anal fin: The mean valus

foF this paramstor is Pound to be 1+53 cmes The range is batwean
1.0~énd 2+1 cm. Whan expressed as percentage of standard 1ength

it is found to hs 14.99.

| Head widths The mean valus is found to be 2.06 cm. Thé
range varies botween 1.2 and 3.0 cm. When expressed as percentage
of standard length it is found to be 20.18.
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Head depths The mean valus is found to be 1.66 cme The

range varios betusen 0.8 and 2.4 cm. When expressad as psrcen=

tage of standard length it is Found to be 16.26.

. Snout lenqgths fhé mean value for snout length is fPound

to be 0.57 cme. The rangé varies bstwsen 0.3 and 0.8 cm. Whan

expressed as percentage of hsad length it is Pound to be 18.87.

Eye diameter: The mean value for eye diameter is found to

be 0.47 cn. Thas range varies betwsen 0+3 and 0.6 cm. When

axpraessad as pércentage of head longth it is found to bs 15.36.

-Fostqorbihal;leﬁgtha The maan valus for this paramster is

found to be 1,99 cme The minimum and maximum Values raecorded are

found to boe 1.1 and 2 35 CMe respectively.

. Submorbital length: The mean valus for this parameter is

racorded to be 0.24 cm. The range varies bstween 0.15 and 0.35 cm.

When expressed as percentags of hsad length it is Pound to be 7.95.

Intarworbital longth: Tha mean velue is found to bes 0.96

eme The mihimum and maximum values are 0.55 and 1.3 cm. respece
tively. Whon akpraasad as parcentags of head laength it is found
to be 31.79. | |

Uppar jam‘lengthe Tha mean valus obtainsd is 08.97 em. The

range varzes between 0.6 and 1.45 cms When exprassed as percentaga

of head length, it is found to be 32. 12.

Lowar iaw>lengthz.Tha mean value for this paramater is found

to be 1.14 cm. The range variss between 0.75 and 1.7 cm. When
expregéed as psrcentags of head length it is found to bse 37.75.



Table=11 : Reqression Equations on Forphomatric Parameters of Channaustewartii.

Paramgters _ fA - Regression Equations

Total length (Y) YS. Standard length (i) 143479 + - 1.0463 x

Yo
Total lasngth (¥) V5. Body depth (x) ¥ = 0.2734 + - 6.3884 x
© Total langth (V) VS. Girth (x) ‘ Y = 0.2619 4+ <1.7057 x
Total length (V) Uswlﬁead'lanéth*(x) Y = 1.6105 + - 3.4464 x
Total langth (Y) VS. Eye diameter .(x) Y = 0.6108 « 20.0345 x
Total length (¥) US. Snout length () Y = 1.3002 + 19.0813 x
Total length (¥) US. Postmorbital length (x) ¥V = 2.7535 + - 4.4012 x

Tatal length (V) vS. Inter-orbital length (x)
Total length (Y) VS. Head depth {(x)

= 1.8767 « 10.4316 x»
= 0.4162 4+  5.7359 x
Total length (Y) VS. Pra-dorsal length (x) LW = 0997 & 3LE24D) X

< =<




Table=12 : Biometric Indices in_differedtvlength groups of Channaiatewartii¢

. GROUP T GROUP I1 GROUP 111 GROUP TV GROUP V
<?aramater3 Bel1=10.0 cme 10.1=12.0 Cile 12.1=14.0 cm. 14.1=16.0 cme 16.1=715.0 cm.
TL/SL 1.21 1.18 | 1.18 1.16 1.21
TL/8D 773 6469 5.76 5.89 8.05
TL/Gisth 2.09 1.96 1.76 1.78 2.24
wHL 4.13 4411 3.87 3475 4.74
‘i#/pﬂk///J 3.76 3.44 3.44 3.41 3.62
TL/0FB/ 2.29 2.0 2.02 1.89 1.96

3.98 3.25 3.96 3.40 2.82

647 5096 5.35 5.53 7.0

8,89 7412 664 6.80 8.05
! 6439 5.56 6.84 7.07 6.18
HL/ 10D 3,33 3,07 3.10 3.25 2.72
HL/POL C1.72 " 1.49 1.43 1.49 1.42
HL/Sn.Le 575 C 5,24 S5e32 5.30 a;as
HL /Hu 1.56 ‘ 1.45 1.38 1.48 1.48

HL/HD 2415 1.73 1.72 1.82 1.7
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Gapa width: The mean valus for this parameter is found to

be 082 cme The range varies betwsen 0.6 and 1+1 cme Whan

expressed as percentage of head length it is found to be 27.15.

3 4 2.‘Mauistic Counts_‘

Tha details of the meristic counts are presented in the

Table=16 and summarised belowie

Dorsal fin rays: Ths mean value is found to be 34, 23. The

rangs Varies batween 31 and 38.

Pecteral Fin rays: The mean value for this is found to be

13.27. Tha ranga uaries betwsen 12 and 14s

" Palvic fin tézaz Six is Pound.to be ths constant numbsr.
; {
J

Angl fin rays: The mean valuafis found to be 22.07. The

Thnge varies bétmsgb 19 and 27. :

2
f

Caudal Finfrayss The mean value is found to bs 13.43. The

range variss betwéah.12 and 14,

Lateral line scales: The mean valus is recorded to be 43.13

whereas the range varies betwsen 39 and 49.

Transverse. scales: The mean values ars found to bs 4.6 and

7.33. The range is recorded to be 4%=53/6%=83.

3.4.3. Regression Equations

The regression oquations for various morphometric parsgs

maters studied are presaented in Table=11 for this species.
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3.444. Biomaetric Indicas_

Biomatric indices for various morphomatric parameters have
been analysed and a mean is calculated out for each 2.0 cm.

length groups end are presented in Table=12, Fig. 5.

3.5« Morphomastry and Meristic Counts for Channa orisntalis

3:5.1 Morphomgtry

- The teaults recorded on morphometric measuremsnts of Channg,

origntalis have basn presented in Table=13 and summarised below -

Total length: The mean total length is Pound to be 5.83 em.
The minimum and maximum valuas‘ara found to be 3.6 and 8.0 cm,
respectively. When axpressed as percentage of standard length, it

is recordsd tO'bB'12n¢450.

Standard lengths The mean valus for this paramoter is found

toc be 4.84 cne. The rangs varies botwssn 3.0 and 6.7 cme.

Body depth: Tha mean valus for body depth is found to be

0481 cme The rangs racorded varies bstwsen 0.4 and 1.5 cm. When

ekpfeséed as percantgge of standard lsngth, it is found to be 16.74.

Girth: Tho mean value for girth is found to be 2.83 cme. The
range variss botween 1.6 and 4.05 cms When expressed as parcéntege

of standard length it is found te be 58.47.

Head langth: The mean value for this parameter is found to
be 1.34 cme The minimum and maximum values racordsd are 0.9 and
2.0 cme rospactively. When expressead as percentage of standard

langth, it is found to be 27.69.
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Pre=dorsal length: The mean value is found to be 1.73 cm.

The range varies botueon 1.0 and 2.45 cm. When expressed as

psrcontage of standard length it is found to be 35.74.

Dorsal fin basg length: The msan value is found to be 2.68

em. The rangs variss betwzsn 1.65 and 3.6 cme When expressed as

percantage of 8tandard léngth it is fPound to be 55.37.

_Anal.?in basse langth:-Tha mean valua for this paramster is

found to be 1.68 cm. The rangs varies botuwson 0.9 and 2.35 cm.
When expressed as percentage of standard length it is found to be

34.7

Height of dorsal fin: The mean valus for this paramster is

found to be 0.48 eme fhe rangs varises from 0.25 to 0.7 cm. Whon

sxprossed as parcentage of standard length it is found to bes 9.92.

Heigbt of pectoral fin: The msan valus is recorded to be
1415 cme Thoe rdnga-varias from 0.6 to 1.4 cm. Whon sxpressed as

porcentags of étandérd length it is found to be 23.76.

Haight of pelvic fin! The msan valus is found to be D0.34 cme.

The rango vari@s,?rom 0.2 to 0.5 cm, When expressed as percentage

of standard length it is found to be 7.02.

Height.oﬁuaﬁal fin: The mean valua is found to be 0.39 cm.

The mininum and maximum velues are 0.2 and 0.6 cnm. raspectively.
Whan expresscd as porcentage of standard length it is found to be

B.06.

Length of caudsal fin: The mean vaelue Por this parametsr is

found to be 0499 cme The rangs varies betwusen 0.6 and 1.3 cme. Yhan

exprassed as percentage of standard length it is found to be 20.45.



Tabls=13 § Morphomstric Analyais of Channa orientalis (qgwgachua)

Mean Mean %

Parameters (cm) Standard Ranga (cm)
lgngth
Totel longth 5.83 120.45 3.6 = B840
Standard length , 4.84 - 3.0 o 647
8ody depth . 0.81 16.74 04 = 1.3
. Birth . 2.83 5847 1.6 = 4.05
Haad length | 1.34  27.69 0.9 = 240
Pre-dorsal length o 1.73 35,74 1.0 = 2.45
Dorsal fin base length : 2,68 55.37 = 1465 = 3.6
Anal fin bass length 1.68 34.71 Bs9 o 2435
Height of dorsal fin 0,48 9.92 0625 =« 07
Haight of pectoral fin 1.15 23.76 De6 = 1.4
Height of pealvic fin 0«34 7.02 0.2 = 065
Height of anal fin 0.39  8.06 062 o D6
Length of caudal fin G+99  20.45 0s6 o 13
Dist. batn. Pel.Fe.to Anal op. 0.71 14,67 0.4 = 1.0
Diste boetne Pal.F.to Anal fin 085 17.46 0e55 » 1425
Hoad width 0.96 19.83 Do = Jo3
Hoad dapth 0.68 14.05 D.45 « 0.95
Paremotors tfig'; ‘q%ei:gd% Range (em)
’ laength
Srout length 0.29 21.64 0.15 = 0445
Eye diamster _, 0.24 17.91 015 « 035
Pasteorbital langth 0.91 67.51 0e5 = 1.3
Subesorbital laength D11 8.21 0405 « D2
Intor=orbital length D.44 32.84 0.3 = 0.65
Uppar jaw length D.4 29.85 025 . 0.6
Lowsr jaw length 0.46 34,33 0.3 © 0.7

Gape ' 036 26.87 0.2 = 0.55
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Distance botween pelvic fin to anal opening: The mean values
for this parameter is recorded to be 0.71 cme The rangas varies
bestwesn 0.4 and 1.0 cm. When exprosssed as parcontage of standard

length it is found to ba 14.67.

Distance botwsen poalvic fin to anal fin: The mean value for
this parameter is found to be 0.85 cme The range varies from 0.55

to 1.25 cme Whon oxprsssed as parcentage of standard length, iﬁ is

found to be 17,46,

Head width: The mean values for this paramster is found to

be 0496 cme Tha tabge.Varies botween 046 and 1.3 cm. Whan sxpressod

as percentage of standard length it is found to bs 14.05.

5nout longth? The mean valus for this paramster is found to
be D29 cme Thaﬂiénga variss botwesn 0415 and 0.45 cm. When

expressed as percentage of head langth it is foand to be 21.64.

Eya diamoter: The moan value is found to be 0.24 em. The

range varies between 0.15 and 0.35 cme. When expresssed as percene

tage of haad lenqgth it is Pound to bs 17.91.

Post-afbital‘lengthz The mean valus for this parametsr is

found to bo 0.91 cm. The rangse varios botuwsen B.5 and 1.3 cm. VWhen

axprassed as porcentags of hoad length, it is Pound to be 67.91.

Subéorbital length: The mean value is 0411 cme The range

varies betwsen 0.05 and 0.2 cm. When expressad as percentage of

hoad length it is Pound to bs B8.21.

Intenqorbital,iength: The meaen valus Por this paramater is

found to be D+.44 cm. The range varies betuween 0.3 and D+65 cme
When expressed as percentage of head length i is found to bs 32.84.
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Upper Jaw length: The mean value for this parameter is

found to bo 0.4 cms The rangs varics botwsen 0.25 and 0.6 cms
When sxprossed as percantage of head length it is found to be
29.854

Lower jaw longthi The msan value for this paramster is

found to be 0+46 cme The minimum and maximum valuss recorded
are 0¢3 and 0.7 cm. rQSpeﬁtiVBly. Whaen expressed as psrcentags

of head length it is found to be 34.33.

GCapse. uidth: Tha mean valuss for this paramatar is recordsd

to be 0.36 cme The range varies botwsen 0.2 and 0,55 cme When

expressed as percentage of head length it is found to be 26.87.

3.5:26 Hsristic Counts

The details af the merxstic caunts are pressnted in Table—

16 and summarissd balowzn

Do:aal,?in,rays:.Tha mean valus fPor this parameter is

rocorded to be 29@7; with a range varying batwsen 28«31,

Pactoral fin raye: The mean valus is found to be 12047

with s range varying botusen 11 and 14s

Polvic fin raysi The mean valus for this paramstar is

found to be 5.87 with a range varying betwsan 5 and 6.

Anal ?in rayss The mean value for this parameter is Found

to be 19.97. The range varies botwsen 17 and 21.



Table=14 ¢ Ragrasaion Equations on Morphomstric Parameters of Channa srientalis.

Parameters ., fegressicen Equations

o
A Cae i 3Ly,
p . .

= D.8345 + 1.0553 x
= 17532 ¢+ 501355 x
= 0135 ¢ 1.7393 »

%?ﬁbtal langth;(Y} US. Standard langth (%)
//Total leﬂgth (V) vS. Body dopth {x)
r-Tuta Viength (Y) v8. Gisth (%)
"7tgﬁéi~19ngth (v) v&.:ﬁsad length (x)
éﬁ?ﬂtalikenéﬁh (v) Uﬁﬂ7Eye diamotaer (x)
?atal lmnéth (v) us. Snout length (x)
~ Total length (V) VS. Posteorbital length (x)
._ybcal length (Y) VS. Intaroarbital length (x)
" Total length (V) ¥S. Head depth (x) |
fotai langth‘(v)'vs. Vrsﬁdqnaal langth (x)

= 1.2678 + 3.4707 x
= 1.7310 + 17.8680 x
 1.5847 + 14.5652 x
= 1.79101 ¢ 4.6373 x
© 1.3182 + 106018 x
< 501367 4-:609976'k
= 5.7416 ¢ '3.9885 x

< € | gk ] L g & =
(H




Tablo=15 ¢ Bilomotriec .1Indices in different length groups of Channa —orientalis.

GROUPT GROUP TI GROUP IIX GROUP IV GROUP ¥

Porametors 3 44,0 cme 841250 CMe  Sel=6.0 CMe 61700 cme  Tai=B.0 cme
TL/SL | 142 O 1.22 1.22 1.19 1.19
TL/8D 9.0 7432 733 7.09 6.87
TL/Girth 2.25 2.05 2.08 . 2.04 2.06
TL/HL 440 4432 4.53 4.38 417
TL/PDL 3.6 T 3.27 3442 3.45 3.33
TL/DF8 2.18 215 2.26 2.12 247
TL/AFB 4.0 ' 3.63 3.44 3,33 3.48
TL/HY 640 614 633" 5.98 6.01
TL/HD 8.0 8.9 . B.57 8.47 8.29
HL/ED 640 - 6.53 5.35 . 6.48 5.2
HL/PDL 1.8 .59 532 1.51 1.51
HL/10D 3.0 3.8 2,93 3.10 3.16 .
HL/Sn.le 6.0 . 8.57 - 4a 4,52 4.82
HL/HY 145 C 1.42 : 1.39 1.37 1.44

HL/HD 2.0 2.06 1.89 1.94 1.99




Table=$6 : Summary of the Meristic Counts recorded in differant Channg sppe

Paramators

C. striatus
Yaan  Range

C. barcs

.rmaan

Range

C. punctata
Mean Ranges

Em,stewattii

b

Mean Range

€. oriantalis

Nagﬂ Range

oo of rays in dorsal fin
No.of rays in poctorsl fin

Noe Of rays in pelvic Pin

Noe of rays in anal fin
No. of rays in caudal Pin

Moo of scagles aleng the

lateral ling

Nu. of scales abovo the

lstoral line

0. of scales below tha

lateral lins

43.5 41=46
15.86 15-18

6 &
Consto.

26.86 26=28

15.43 15=14

60.07 57=61

7.93 75-8%

11.03 104=-11%

44..47
6

'26047
14.27

59.93
Be17

11.23

43=49
16=17.
6

Const.
19,9 19=22
" 13.87 13=-15

25=28
1415

5863
74=9%

103-11%

29.32 28=30
‘ 14,39 13-16

5435  Sab

3897 38-41

4.98 4353

' 8.85 Bi=9%

34.23 31-38
13.27 1214
6 6

Const.

22.07 19«27

13.43 12=14

43,13 39=49

7.33  Ghe8h

29.7  28=31
12.47 1114
5.87  5e6

19.97 17-21
12.67 11«14
39.9  36=41

4.43 3d<4}

5.67 Shebd
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Caudal fin rays: The mean value is found to be 12.67.

The range varies betwsen 11 and 14.

Latarai_line scalest The mean value rscorded for this

parameter is found to be 39.90. The range varies betwsen 36

and 41. : &0

Transverse scales: Tha moan values obtained for this

parametar are found to bs 4.43 and 5.67. Tha rangz variss botusen
3%=4% and 55=6%.

3+5e30 Regresainn;aquaﬁipns:

The regréssion gquations for various morphometric

parameters are calculated out and present in Table=14.

3.5+44 Bilometric Indices
For various morphometric measurements recorded, a mean
biometric index Por each 1.0 cme length groups has been calcu=

lated out and presented in Table=15, Fig. Ge



4 DISCUSSION
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The channids, in gensral, arse very much alike in shaps
and gross morphological features with slight variation in bedy
colour and sizea,This is rgsponsible for ssversl disputablse
interpretations put Forwqrd'by different Ichthyotaxonomists while
identifying them (Day 1878, Shaw aﬁd Shebbeare 1937 and Reddy
1981). The situation has been further complicated by thair wids
rangs bf distributi&n érom the mountain rangs to tﬁa coastal area
through the plains. Bscause of ths plasticity of the ecological
conditions of their niches, intra-species variations in the |
morphological featurss ars very much expectable (Schmidt 1921,

Vladykov 1934, Lindsay 1954 and Fape 1958).

Earlier workers diatinguisheﬁ the different Channa spacies
-on the basis of body colour and body marks. C. barea and

Eﬁ stpiatus wore differentiated from one another by the langth of
ths vertical dark stripss which extond upto the belly in case of

Co striatus, whsreas do not exceed the lateral line in casae of

C. barca. Moreover, the helly is yellowish in colour in case of

' C. striatus while it is plain white in case of C. barca (Pay 1878,
Shaw and Shebbears 1937). The pectoral fins of C. barca, C. striatus
and E. punctéta.ara plain, without any marking. But the pectora;

Fins of C. stowartii and C. orientalis are banded with yellow and

black colour. It haé been noticed in the praessnt investigation
that C. stewartid seéms to poésass threse rows of alternately
arranged yellow and black bands in ths pasctoral fins whersas in

Co ogientégis thess bands extend uﬁta the tip of the fins. Such
differericas exist within the same Species, in different populations.
- Channa stowartii, when collected from the stream, possesses a
greenish—blue tings throughout the body, but when collected Ftoﬁ
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pond, posspsses dull groy colour. Similarly, it has been obssrved

that cortain ponulagiong of Ce orientalis contain one or two
black spot on tha extremity of the dorsal fin while others are
dovoid of suchvgpota,‘gimilar tail spot polymorphism was also

observed in Xiphophorus(Borowsky 1978). Such polymorphic charace

ters cannot be taken as diagnostic faetures in distinquishing

different species (Mayr 1963).

Meristic counts ﬁay or may not aluays be constant for a
particulasr Spécies; bscause nonegenetic variations of morphological
_characteré ara common in Pish (Barlow: 1961) and are aluays
affacted Sy snvironmental fluctuations during developmental stagss
'(Lindsay f954§ Barlow 1961), The differences of the meristic
counts in.di??araﬁt species of Channg have been presented in Tahlse
16 A compéti@on of the-presant observations on ths meristic counts
of different Chagng spaciss has bosn dono with the éarlier works of
Day (18?8) and»éham’and Shehbears (1937) and prasentad in Table=17.
The differences obsérved may be dus to the differences in the |
envifonmental cand;tions as well as age (uhsre mostly ons year or
ons plus:year fishes are esmployed) which is not mentioned in the
esarlier works. Howavar, the range recordsd in thg prezant study,l
coincidas in many casas»mith the presvious records. Moreover,
variations st population level have also besn recorded by many
workers (Tanning, 1944, Barlow 1961; Suzuki and Yamaguchi 1980
atc.)._lt has bsen revealod that the meristic characters exhibit
plasticity under the influence of environmental factors, espaciaglly

- tompsrature during early period of life history.

Signifibant differences in the morphometry among different

specias of Channa have bsen observed (Tables=1,4,7,10 & 13). Such



Table=17 : Comparative account of msristic counts of Pive species recordsd by earlier workers
and present study.

SPECIES - E AR U T H 8 R S §m ERISTIC 0DBSERVATIONS
g;}striatus‘ Day, 1878 = D.37=45 P47  Ve§ R.23=26 C.13 Ll. 5057
‘ Shaw & Shebbeare, 1937 D.37=45 = - Re23=26 = Ll. 50=59
Prasent study Ded146 P.15=16 Vo6 Re26=28 C.15=16 Ll. 57=61
C. barca Day, 1878 D447=52 Pu16 . ° v;1/s' A.34=36 C.19 »Ll.“ﬁaaas“
L . Shaw & Shabbeare,. 1937 D.51 . P17  Y.4/5 Re34 . L.14 Ll. 78
Present study ~ D.43=49 P.16<17 Vo1/5 R.25-28 C.14=15 Ll. 58=53
C. punctata Day, 1878 A De29232 P17 Va6  Ae21223 .Co12 . Ll..37=40 .
: ‘ Shaw & Shebbeare, 1937 D.29=32 P.17 - Ae21=23 C.12 Ll. 37=40
Prasent study D.28=30 P.13=16 V.6 Re19=22 C.12=15 Ll. 38«41
C. stowartii Day, 1878 . ow39-40 P17 Veb Ro27 C.14 Ll. 47=50
| Shaw & Shabbears, 1937 D.39=40 P17 V.6 ~ A+27  CTe12 ~ Lle 45«50 °
Prasent study De31=38 P.12=14 V.6 Re19=27 C.12=14 Ll. 39«49
C. oriontalis Day, 1878 D.34 P.14 - Ro22 C.14 Ll. 41
Shaw & Shobbeare, 1937 - D.32=37 P.15 - Ro21=23 .12 Ll. 40-45
Present study D.28=31 Pu11=14 V.6 - Ae17=21 Coli1=14 Lkl. 36«41
NeBs D = Dorsal fin rays P = Pectoral fin rays
V = Usntral fin rays A = Anal fin rays
€ = Caudal fin rays Ll = Lateral line scalss
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diffarences are genetic or phenotypic (Kothare and 8al 1976). To
determins the taxonomic uniformity, ths prasent observations
have been comparsd with the availabls standard descriptions (Day
1878, Shsw and Shabbsars 1937) and are found to be favourabls,

in spite of certain agmount of variations.

Dif?erehces in thg morphomatric and meristic parameters
botwasn male and Femaié of all the Channg species are not well
defined. Sexual dimgrpﬁish could not be traced out in any speciss.
Howaver, it is obsefved that females are always larger in size than
the male and numerically more in number. According to Nikolsky
(1963), sax ratio variss censidémably from species to species, but
in most of thé'caSGS, it is closs to unity. Pressnce of more
female in nature is also recorded by Hora and Miahra (1936) in
Labeg dero. Probably,:this ﬁhenomehon is relsted to the bresding
biology of the Fishés; | A '

The bicmatric‘indax of differant paramsters are probably
species spocific. Howsver,. according.to Gould (1966), ratio betwsen
differant morphological characters of the same species does not
nacessariiy be constant, due to variation resulting from differ-
gnces in sex, race, nutrition and other envirommental factors
during the period of incubation and sarly life of larvas. Moreovar,
the biometric indices differ considerably in differsnt length
groups oF.the samng specics. Biometric indices for different body
parametsrs of all thse fPive species of Channg have been examined
and it is found thatvin all the five species growth of standard
length, dorsal fin lsngth are more or lsss constant. In other

words thess parameters can be trsated as isometric (Bayagbona 1963).
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It hao besn obsorved for all ths five species that the aye
diametor becomes smaller in relation to head lengthg in other

words, this paramster shows » nagstive allometry.

In case of Channa striatus, it is found that the rate of
growth of anal fin base length, preedorsal lesngth; body depth
.and head width in relation fo total lsngth are mors or less
constant. Similarly, gfawth of head dopth, hsad width, poste
orbital lenéth in relation to head lsngth ars also isometric.
The grouth of hoad lsngth and head depth in relation to total
langth show negative and positive allometry raspesctively. Simi-
larly, growth of interorbital distance and snout length in
relation to head lenghﬁ show nagative and positive allometry

reapectivelyg‘

In case of Channg barca the growth of pre=dorsal length
in relation to total length shows isometric growth. Similar
relationship also exiéts in the grouth of posteorbital length
and inter-orbital lanéth in relation to head lanéth. The gtfouwth
of anal Pin base iength, head width and depth and body depth in
relation to total length show more or 1less positive allomstry
whareas growth of ﬁead lsngth shows a negative allometrye Un‘thg
other hand, hsad width and depth in relation to head length show
o positive allometry while the snout length in relation to head

langth shows a nagativé allometry.

In case 6? Channa punctata, it has bsen obssrved that héad

i midth in relation to the total length and head width and deﬁth
and post-orbital length in ralation to the haad lsngth show isoms-
tric growths On the other hand, growth of hsad lsngth, pre=dorsal



Table=18 : Biomstric Indicés in differant Channa species at
7+0=10.0 cm. langth group.

Parameters :Ee pﬁnctata ,‘E& stowartii C. orientalis
TL/SL 1.18 C 1.2 1.19
TL/3D 5.41 a 7673 6487
TL/Girth 175 2,09 2:06
TL/HL : 3.46 4013 4.17
TL/DPL 3.28 3.76 3.33
TL/DFB 2.4 2629 2,17
TL/AFB 3.23 3.98 3.48
TL/HW . 5.58 6047 6.01
TL/HD 6.18 8.89 8,29
HL/ED 6425 6439 5.72
HL/SnebLe 4.55 5.75 4.82
HL/POL 1.52 1672 1451
HL/10D 4.17 3.33 3.16
HL/Hw 1461 1456 1.44

HL/HD .79 215 1.99
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Tabla=19 : Biometric Indices in diffesrent Channa spascies at
15.0=20.0 cmes length group.

Paramsters (. striatus C. barca C. punctata C. stowartii

TL/SL 1.14 1018 1.2 1.17
TL/8D 7411 7451 5.85 6424
TL/Girth 2,09 2.33 1.83 1486
TL/HL 3051 3.69 3,47 3.9

TL/PDL 3.96 3.45 3.17 . 3.44
TL/OFB 1.97 1.98 2417 1.89
TL/AFB | 3437 3.73 - 3.09 3.2

TL/Hu 6469 8417 5.88 5,75
TL/HD 9.7 9465 6433 6493
HL/ED 7.9 7477 7.64 6.98
HL/Snel.  5.82 4439 5,82 5417
HL/10D 4432 4.39 4.25 5.18
HL/POL 1.5 1.58 1.41 1.47
HL/Hi ' 1.91 2.21 1.61 1447

HL/HD . 2.77 2,59 1.82 1.78




Tablg=20 : Biomatric Indices in different Channa speciss at their.
‘ ' maximum length groups.

Parameters Ce.striatus C.barca C.punctata E,stewartii Qfmientalis

TL/5L 1.14 1.18 1.18 1.21 1.2

TL/80 712 7.78 5.41 7.73 9.0
TL/Girth 2409 232 1.75 2,09 2425
TL/HL 3451 3051 . 3.46 4.13 4.0
TL/POL 5015 3.29 3.23 3.76 3.6
TL/DFB 1.97 = 1.88 2.4 2.21 2.18
TL/AF8 3437 3455 3.23 3.98 4,0
TL/Hy 669 - 7.79 5458 6.47 6o0
TL/HD 9.7 - 9.1 6.18 8.89 B0
HL/ED 7.9 - 7.77 8.25 6039 6.0
HL/10D Ae32 4439 4017 3.33 3.0
HL/POL 145 1+58 1.52 1.72 1.8
HL/Sn.L.. 5;82~ 4:39 4455 5.75 6.0
HL/HW  1.83 2021 1461 1.56 1.5

HL/HD 2,77 2459 1479 2415 2.0
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length, body depth and hsad daéth in ralation to total length
and growth of snout length in relation to head length are
nagatively sllometric. Howsver, growth of inter-orbital length

in relation to hsad length shows positive allometry.

The biometric indices of Channa stawgrtii reveal that the
growth of pra=-dorsal length in relatien to total length and
growth of post—arbital'length and head width in relaticn to head
lanéth are isomgtric. All tho remaining ratios show positive

allometry.

It is alaso observed Por Channa orientalis that tha growth

of hsad length, hesad width and anal fin bass lsngth in relation
to totsl féngth'and gtomth of postsorbital length, inter-orbital
length, head width and depth in relation to head length ars
isometric in natureQ‘Howevsr, growth of pre-dorsal length and body
depth in relation‘ta total length and growth of snout léngth and
head depth show positive allometric relationships. l

Channa ggggg,add C. striatus are ths largest among the five
species studied while'gy orientslis is the smallest among them.
Dus to the considérabla rangs in size thers is large overlapping
of diPferent specieé ét»cartain size groups. A comparative study
on the biﬁmatric indices has, therefore, basasn carrisd out covering
all the five spscies to find out whethsr thers is any species
spacific characﬁers by which ons spééiaa can bs distinguished from
the other when they are of same sizs. The fishes have bsen sorted
into two different size groups.‘The latters are so arrangad‘that
these includo moré than one spacies. Thus, one of the size gtbuﬁs

(710 cmo) covers throe species (C. punctata, C. stewartii end
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Co orisntalis) while the other (15=20 cm.) covers four spacies

(Co barea, Ce striatus, C. punctata and C. stowartii). The
findings summarised in Tables-18 & 19 plong with a comparative
study of bilomatric indices in different Channg species at the
maxinum siia groups (Table=20), provide a resasonably balanced
key to identify these species ifgespactive of their size, form
'and colqur. Howaver, it may bo waell to state here that all these
morphological characters afe not ubiquitous and morphological
characteristics ar; not slone sufficiagnt for species identifics-

tion for this group of fishes.
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Figurs 1a ¢ The Fishes
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Figure 1b 3 The fishes
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CYTORENETIC TINVESTIGATION



1 INTRODUCTION
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Meristic counts and morphomstric analysis has been the
sub joct of classical taxonomic investigation in ths past to plaée
different groups of animals in the system of classification and
to unravel their_hatural relationship. It is now an accepted fact
that chromoéomal inFq;mqtibqs of the species are sssential to the
modern taxonomists sihca the species are considered to bs the
ob jectivs faality of some particular genstic community (Manna
1969). The analysis of karyotypes, diploid number, metrical data
of metaphase chromosomes, bshaviour and arrangement of chromosomes
during division proﬁide tha taxonomists an indepsndent set of

tools to study the intarreiations of different groups.

Though inteorest on the study of fish chromosomes can he
traced back to the thirtises by referring to the works of Iriki
(1932a,b), Prokofieva (1934), Friedman and Gordon (1934), Makino
(1934a,b, 1937, 1939), SUardsdn and Wickbom (1939) atc., the study
of karyotypes of fishes has laggsd far behind that of other vertg-
brates, Butro? about 25,000 living spscies of fishes only about
900 specios are chromoaomalfy_knqwn and less than 600 spaciss have
bean karyotyped. This is dus to the small size and large-number in
most compleménts-with the result thaf traditional chromosome
techniques have not been useful ?of the study of fish chromeosomes.
) Thus during thé.deche 1941?1950,.dn1y’€ew papers on teleost
chromosomQSAhava beéﬁ‘publishedh(ﬂakino 1941a,b, Svardson 1941,
1945, Suardsan-anq-wickbom 1942 and‘wickbom 1943). The following
decade 1.0 195191§60; has ssen a few researchers working on fish
chromosomes . magusaf(1951, 1954, 1955a,h,c, 1957a,b,c end 1960) |
published alseries_nﬁ papers on the comparative study of chromdsomes

of Piscee with particular considerastions an taxanomy, evelution and
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sex detarmination. Prakken gt al. (1955) studied the chromosomss
of Esox lucius. Three populations of Atlantic salmon, Salmo salar
from Canada ware cytologicallyqinvestigatad by Boothroyd (1959).

Interéét in the chromosoms oatudy of fishes greatly
increased during the next decade‘(19é1~1970) and as a result
about 250 speciea'wene chromdedmélly'worked out (Gyldenholm apd 
Scheal, 1971). Tﬁa'divar81fisd»implications of chromosome sﬁudiés
could be well uﬁderétOOd by.revieming ths following literatu:aéf
Sick st gl. (1962) Rave given a.comparativs account of haamogiqbin
patterns and'chrdhdéome numbars of American, Europsan and Japanese

esls (Anguilla). Lieder (1963)‘has investigated on ths pr38umptive

sax chromdsgmes in Parca, Aéafina and Anguilla. Simon and Oollay
(1963) have discuésad the cytological aspects of speciation 16

two North American teleosts, Salmo gairdneri and S clarki lewisi,

0jima at gl. (1953) have described ths chromosomss of the mambérs
of Salmonidae from the point of Cytotakonamy; Thers was a great |
controversy regarding ths nomenclature of chromosoms types, which
was, however, ouaréoma later'dn as Levan gt al. (1964) proposed
that the chromosomes should be categorissd according to their
centromeric position; which was universally adopted in 1966 at

the Paris COnéerence@_RObetts (1964) has investinated the chromosome
complaments of twsnty species of the family Centrarchidas. Post
(1965) has worked oui the chromosoma numbers in some taleostean
fishes. Ohno and‘atkin (1966) have investigated the DNA values

and chromosom9 numbér of eight species of fishes. Becak gt al.

- {1966) have investigated thaichromosomal polymorphism-in different.

individuals of the greon sunfish Lepomis cyanall&a 83 an evidencs

of somatic seqregation. Chen and Ebeling (1966, 1968) and Chen
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(1968, 1969)‘haua giuan coéparative account of chromosoms morphoe
logy with special reference to haterogamety in certain fPish
species. Yamada (1967) has studied the chromosomes in the embryos

nic cell of o goby Chashogobius mrotasnia. Ohno at al. (1967,

1968, 1969) have made signi?icant contribution on the chromosome
mbzpholegy{fpldidy lavel énd Qvolution from fish to higher groups.
Nygren gt al. (19683 & b) ﬁave mads cytologicel studies on parch,
pike and salmon. Muramoto et gL: (1968, 1969) havs studied the
chromosomas of the Fish ardar Ostariophysi. Books (1968, 1970) has
 dotormined the DNA values and karyotypas of different coregoning
fishes of ﬁﬁé'Graat Lakes, Ue Son.-add enuneréted the Pindings from
tha point of Cytotaxonomy. uolf gt al. (1969) have analysed the
DNA content and chromosons sats of variouq cyprlnid speciss and
discussed the mechanism of polyploidiZQtion in this group. Mayers
and Raoberts (f969) hava atudied Five‘pdpulations 0?‘5;255

~ psgudoharsngus cytglogically‘and found chromoscmal homogensity in

. all the'populatidns, Prohn & Rasch (1969) and Rasch at, als (1970)
have studiad_the chranosomas of pascilid specias and their hybrids
from Mexicoe. Hitotsumachi gt als (1969) have givén'a comparative
account of kafyotypes in sevaﬁal apacies of Japanasé loaches.

. Bjima and his co-unrkars (1?69, 1970) havevalso studied the chromo=-
somes of Japanese loaches and ecyprinids. Chen and Ruddle (19?0),_
Chen and Reisman (1970) ﬁaua given a detailed account of chromosomes
~of Severalfspeciea-éf Fuﬁgulus'and'sticklabacks raspectively.

. £beling and Chen (1970) have reviawsd the chromoscmal hatarogamaty
in teleostean fishes. Kobayasi ot al. (i1970) have comparad the
chromosomas a?:tha mambars of the ganus Carassius. The applicatidn
of cytOganétical and biochemical studies in solving phylogsenstic
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problems in ths family Salmonidaa has been discussed by Behnke
(1970)« Roberts (1970) has studied the chromosome morphology and

speciation in the Atlantic salmon Sslmo salar. Fukuoka and

Niiyama (1970) have reported the semétic chromosomes of ten

. 'speciss of plouronactid Pishes.

During the last decade; a renswsd and vigorous intrrost
in studying ﬁhé fish chromosomes has besn observed. Thisvhas baan
largely dus to tschndlogicél advances, by ﬁodi?ying the a2ir drying
technique for chrémoaoma-ppeparation which provides comparatively
better resolution of individual chromosomes wiiﬁin a complement.
The realisation that ka:yoﬁypic ghmparisons are crucial in accos=
aing phylogonetic ralationaﬁips within various taxa, has bsen

bqually significant.

A comparative ;tudy oﬁ cﬁtomosomes ontwenty spaecias of
killefish Prom.tha genus Fqndulus hés bean done by Chen (1971).
Kang and Park (1971, 1973a,B, 1974) have worked out the cytogenee
tics of Korean fresheuater Fishes. Mayers (1971) has analysed ths

chromosome, complements of the genus Salvelinus. Nishikaswa st al.

(1971) have reﬁortad ﬁhe chromosome numbers in two sel species
(Anguilla ° éeamLSh et al. (1971) have investigated the karyotypas
and DNA valuGS-qﬁ\thq;mambeféfoP the suborder Esocolidei. Beamigh'
and Tsuyuki (1971);have sﬁﬁéigd the biochemical and cytological

difforences found in the longnosa sucker (Catostomus catostomus)

and large and dwarf forms of tho uwhite suckar (Qu cogmarsoni)o
Ebeling gg,g;,_(?Q?i) have investigated the incrsase in ganomd
size in soma«dedp»séa,telebstaan épscies¢ Uyano and Miller (1971)
have raporta¢‘£ha presence of multipls sex chromosomes in Mexican

cyprinodontid fishes, Nygreh and his collaberators (1971a,b,c,d,8,
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1972, 1974,’197Sa,b)‘have mads extensive study on the chromosome
characterization of a large number of fishes and their hybrids.
Campos and Hubbs (1971, 1973) have stressed the taxonomic impliw
cations of karyotypes of gembusiine Pish. The karyotypes and DNA
yaluss of 15 Japanase cyprinid fishes have been investigated by
0 §ima at al. (1972)« The karyotypes and electrophoretic variations
for 14 speciss of the genua-G&rzdoras have bsen reported by Scheel
et ale (1972). Berberovic and Sofradzija (1972) have revieswed the
karyological data of ?raéhwatér Fishes from Yugoslavia. Karyotypes
of the telcost Pamily Esocidae havo besn investigatad by Deuzsson
(1972). Fukuoka (1972) has studiad the chromosomes of rainbouw

trout Salno qairdneri irideus and reportad the variation found in

chromosome nunbar of this ?ish. passakas and Klakomski (1972)
have analysed the chtcmosomeaiof European ool ﬁﬁnguilla anguilla)
with a noto on sex dafarminatinng Cimino (1972) has examinsd sgg
productien, polyploidizati@n in a diploid, all femala fish of the
genus Poesciliopsis. Charnanko (1972) has studied the svolution

and cytotaxonomy of the fPamily éélmonidae. Schael (1972) has
described rivuline karyotypes. and their evolution. Ross (1973)

has investigated the chromoadma complements of five atheostomine
fishaes of ths ?émily ﬁercidae; Kirpichnikov (1973) has investigated
the karyotyps and eﬁalutioh in Cyclostomata and fishes. Danton‘and
Howoll (1973) have worked out the'chromosomes of African polypta:id
fishes. Capanna ggigg, (1973) have investigatod the karyotypas 5?

. some hybrid apecies from the order Sélmonifnrmss.=Nikol'skij and
Vasillev (1973) have tacorded some ragularitias in the distributian
of chromosome numbsr in FiShBSQ Cataudells and his co-workers

(1973a,b, 1974, 1977a,b) have roported ths chromosoms morphology
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pf ssveral Naditerrénaan mullsats, cypriniqs and other fishes.
deno, individUally and with his co-workers (1973) has providead
.a comparative account of chromosomal morphology of a largs number
nfP fish specles. 0jima ot 5_1_ '(1‘,'973) haue worked out the karyo-
ﬂﬁypes of acheilognathine fishes of Japan with a discusaion on
 phyl§gana£ic relationship among them. Banding techniquss with
(particular éaferanca to fish chromosomes are very fow. Howsll

and éloam (1973) have used‘differéhtialAFloureScence banding to
etudy.the chromosomes and shermataioa of mudeminnows. Abe and
Muramoto (1974) gaVa inuestigaéed the chromosome morphology of

two salmonid species, Salvelinus lsucomasnis and S. malma by

using differantial staining. Chen and Ebeling (1974, 1975) have
made a cytotaxonomical studias of Cali?ornesn‘myctophoid,Fishgs
and also made karyological stud&as on some Xiphophoring fish
hyﬁrids. The chromosoms stpdies on Japanese gobioid fish have been
sxtensively dons by Arai and Sawada (1974, 1975) and Arai gt al.
(1974) . Foﬁtana and Colombo (1974) have reborted the chromosomes
oF'Italian sturgsons. Karyoﬁypsa of nins :specias of fishes from
the family Salmonidae have béan:etudied byAMuramoto at al«(1974).
Ka jdanova (1974) has investigated ths karybeystamaﬁics_and '
chromosome bolymnrphism in the Pamily Salmonidese. A comparative
study on chfomosnmas of twelvé gobioid fishes from Japan has boen
dons by Nisﬁikawa et ale (1974)s Uasno (1974) hés inﬁsstigated the
chromosomal ﬁolymorphiSm and isoenzyme uafiation in different

populationa nF.Paeudobéqrua aurantiacqs. Itahashi and Kawase

(1975) have worked out the karyotypes of five species of Cyprino-
dontidass Leranda (1975) has studied the karyotypas of six
specias of Louisiana Flatfishes; Zonzos (1975) has studied the

Cebanding patte&na in Salmo trutta. Thorgaard (1976) has studied
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the Robertsonian polymorphism and constitutive hsterochromatin

distribution in chromosomes of Salmo,ggirdneri. Howsll and Villa

(1976) have studisd the chromosomal homogsnsity in twos sympatric
cyprinid fishes of the genus Rhinichthys. Park and Kang (1976)

have discussed ths karyctype conservation and DNA variationa in
anguilloid Pishas. Takéﬁasi‘aﬁd Bka (1976) have studiad the
karyotypas and e{ectrophotétic variations in loaches of the

ganu§ Cobgtfse A cytotasxonomical study of some freshwater cottoid
fishes has been done by Abe (1976). Burtzev st al. (1976) have
studied the karyoloqgy of the Aqipenseridae in relation to hybrids
ization and taxonomical pro&laﬁs. Pasaakas (1976) has confirmsd

the chromosome set of Anguilla snguilla. Kobayasi {1576) has

compared the chromosome numbars of different races of spinous
loaches, Cobitis bilwse. Dingsrkus and Howsll (1976) have analysed
the karyotypes and found out gn gvidence of tetraploidy in ths

North=Amarican paddle fish Polyodon_gpatulao Ueno and O jima (1976,
1977) have investigated ths diploid-tetraploid complexas in the
ganus Cobitis and described the chromosome compliments of tuwo

specios of tha genus Corsopsrcas with reference to karyotypic

difforentiation and svolutione.

Vasil'ev (1977) hes studied tho polyploidization and
evolution of karyotypss in the family Salmonidae. The chromosoms

complements of different subspeciss and species of Xiphophorus

have beoen @anestigate&jby Féraoter and Anders (1977). Avise and
Gold (1977a,b) and Gold and Avise (1977) have studied the
cytoganetics of a large number of species of North American
Pishes. Michele ot als (1977) have studied the karyotypes of

some spacies of the family Loricariidses ishikawa and his cos=
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workors (1977, 1978)Ahaue compared the karyotypes of di??arénfﬁ
spscies of Japancss fishes. Taki and his collaborators (f???é,b)
have given a cOmparaﬁiva»accOunt of chromosome number of Puntiga
from diffarent zoogeographical regions. Kobayasi gt al. (1977)

have studied the chromosomes of the hybrids bastusen different

Carassius spscies and subspecios. Thorgaard (1977) has reportad
the heoteromorphic esx chromogomes in male rainbow trout. Seamish

and Miller (1977) have investigatsd the chromosomes of gila trout,

Salmo gilas Prom cytotaxonomical point. SoPradzija (1977) has
investigated the karyology and cytotaxonomy of the Louciscus
apecies from tho wateors of Bosnia aﬁd Harzegovina. Black and
Houwsll (1978) have described a distinct chromosomal race of the
cyprinodontid fish Fundqlus notatus from the upper Tombigbee

river system of Alebams and ﬂiésissippio 0jima and Usda (1978)
have shoun the_pnasence of a now Cebanded marker chromosome in
carpe=tunz hybrid. Passszkas (1978) has studied tha Cebanding pate

tern in the chromosomes of European esl Anguilla anquilla.

Viktorovaky (1978) has 1nvesﬁigated karyotypic evolution in

chars of the ganus Salvelinue. Gold st al. (1978, 1979a,b) have
reported the gross karyotypic change and evolution in tha North
Amarican fishos. Vasil®ev gt al. (1978) have investigated the
chromosomas of cyprinid fishes along with their hybrids. LeCGrands
(1978, 1980, 1981) and LeGrands and Cavender (1980) have studied
the karyotypas of ssveral spacies of North American catfishes.
Bunch and Nadler (91980) have studied the Giomsa=banding pattsrn

of chromosomad of the tahr and discussed the chromosomal svolution
in the tribe Caprini. Sola (1980) and Sola st gl. (1981) have

studied the chromosomes of esl in relation to cytotaxonomy and
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sax detarminmation and revisusd the cytotaxonbmical works on
fishes. Bertollo gt al, (1981) have enalysed ths chromosomes of
Hoplias lacafdaa Prom taxonomical point of view. Johosongt ale
(1981) have describadigﬁé kaf?oﬁ?pe oF-séVQn species of Galaxias
(galaxiidae) from Tasmania and interpreted the svolutionary

ralationships.

It appoars from the forsgoing revisw that siﬁce 1960 great
interest has béen shown in the araavo? fish cyﬁ&genet@cq.-Thia
has rasulted‘inrimproved methodology for obﬁaining and?aiudying
fish chromosomas. Most of the methods ara offshoots frém mammalian
chromosome techniquas'and has been extanaivaly reviemad}by Danton
(1973) in his book "Fish Chromosome Methodology". Since tpe pube
lication of this book, a number of papers on fish ch;omosoﬁe
techniquéa have beon puﬁlishad, Through leucocyte culturs,
Grammeltvodt (1975) has obtaihad‘the chromosqmeslaf Salmone.
Tolsdo and Ferrari (1976) has modified the squash technique for
chromosome studies in ?1sheéq.Badr and ElsDib (1977) have described
the process of fPixation gnd staining of Tilggig tissues for chromos=
soma gxaminatione Kligerman and Bloom (1977) have describsd a
mothod for rapid chromosome préparations from eélid tissuealof
fishess lda g;,g;p_(1978) have described a technique to prepars
fish chromosomes by ggrgigsg_colchicine treatment. Park and Park
(1979) have given a culture technique using marine fish kidney to
obtain thair chromosomess Smith and Lemoina (1979) have fPound out

that colechicine treatment results to polyploidy in brook trout.

- Studies on Pish chromosoma in India have started probably
with the work of Sharma ot al. (1960) when thay determined the

diploid chromosoms numbsr in thrae species of fishas. Srivastava
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and Kaur (1962, 1964) have carrisd out the chromosoms studiea
in cortain Preshuater Fishes. Hayyar (1964, 1965, 1966, 1957)
has worked out the chromosome numbers in sbout twentythres
spociss of fishos. Srivastava and Das (1968, 1969) havs invess
tigated the chromosomes in Clarias batrachus and certain othor
toleostean fishss. Hatarajan and Subrahmanyam (1968) have

obsarvad ths chromosome number in Tilapia mossambica. Effact of

calcium treatment on fish chromoscoms has been inuastigata¢ by
Subrahmanyam (1969). Prasad and Manna (1970) have investigated

tha somatic chromosomes of a major carp Cirrhina mrigasla.

Subrahmanyan and Natarajan (1970) have investigated the somatic

chromosomss af Tharapon cuvisr. Manna and Prasad (1971) have put

forward a hypothesis on the,hecﬁanism of fish chromosoms evolution.
Prasad (1971) and Prasad aﬁdlmanna (1971) have observed the somatic
and germinal chromosomes of about sixteen Préshwater fPishses,
Subrahmanyen and.ﬂamamaorthi (1971) have investigated the chromo=

somes of the estuarine worm eel Moringua linsaris. Chatterjee and

Majhi (1973) have investicatad the chromosomes of Mugil parsia.
Khuda=Bukhsh and Manna (1973, 1974) have studiod the karyotypes

of nine species of fishes including two major Indian carps Catla
catla and Labeo‘bgtgm Nanda (1973) has investigatsd the chromosomes
of Mystus vittatus and Ompok pabda. Prasad and Manna (1973) have

shown with cytological avidences that there exist two forms of

Mystus vittatus with 2n numbar 54 and 56 gs a result of pericentric

inversion and not becguse of Robartsonian fusion. Manna and Prasad
(1973) have invsstigated the chromosomes of three speciss of Pishes
from the genus Channa. Vasudsvan gt als (1973) and Prasad and Manna

(1974) have investigated ths chromosome complemonts of
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Hetoropnoustes fossilis. Manna and Khuda=Bukhsh (1974) and

Manna and Prasad (1974a) have investigated ths chromoscmes of
two hybrid fishes anglfiShgs'From the family Gobiidae respec=
tivaly. Watarasjan én& Sdbréhmanyam (1974) have analysed the
chromosonss of gsome teloosts from ths Pprtonoveo waters. Khuda=
Bukhsh (1975) has invostigated the somatic chromosomes of an
exotic fish, Puntius japonicus. Rishi (1976) has studied the

chromosomsgs of four speciss of fishes., Khuda<-Bukhsh and Manna
(1976) have studied the karyotypes of two spscies of mullets.
Rishi and Gaur (1976) have invastigated the cﬁromosomes of jote
black molly and reported thavprésence of female heterogamsty in
it, Das and Kar (1977) have ébddied the somatic chromosomes of a

silurcid fish Rita chrysea. Khuda=Bukhsh and Manna (1977) have

studied the somatic and getminal chromosomes of an aguarium fish

Mollienisia latipinna. Manﬁa and Khuda=Bukhsh (1977) have studied

the karyomorpholegy and cytdlogical avaluation of the cyprinid
fishes and provided a cheek 1ist of chromosome numbers in
cyprinid Pishes. Khuda=Bukhsh (1978) has studied the somatic

chromosomes of an estuarine fish Trypanchen vagina (Gobiidas).

Manna and Khuda=Bukhsh (1978) have studied the karyotypes of
three spocies of Fishesa Thé chromosomal homogeneity of two Indian

catfishes has beenlreported by Rishi (1978a). The Giemaaebanding

. pattern in the chroéosoma oF‘Channa punctatus has been rapqrtad
by Rishi (19785);_Choudhury'gg,gg, (1979) have investigated the
chromosomes of aix apecies of marine fishes. Khuda=Bukhsh (1979a)
has lhvestigéﬁéditﬁxaa apeéias of fishas, showing the presenée d?

heteromorphic, homomdrphic and rod=like chromosomes. Tha chromo-

somes of two hill stream Pishas, Barilius bendelisis and Rashora

daniconius have been studied by Khuda=Bukhsh (1979b). Patro and
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Prasad (1979) have~inﬁestigated the chromosomes of six Indian
marine Pishes. Khuda=Bukhsh (1980) and Khuda-Bukhsh gt gl.(1980)
have furthaer investigateﬁ'thféé:épaciaa of hill stream Pishes

with a report on high chromosome number in Tor putitora. Khudag=

Bukhsh (1981) has again investigated twp speciazs of hill stream
fishes, Labso diplostomus and Garra gotyla gotyla cytologically.
Rishi (1981), Rishi and Haobom (1981) and Rishi and Singh (1981)

have investigated~the'chfomaaama complemants in six species of
fishes. Sharma and Tripathi (1981) have investigated ths chromosomas

of a siluroid fish uallago attu? from Jammue

The hitherto available cytological information about
Channidas is inadequate and controversial. Nayyar (1966) studied

tha germinal chromosomss of E:;marulius, C. striatus, Ef punctate

(= c. puncta@us). His result (Eg_punctatag 2n=34) has been contrae
dictad by Manng and Prasad (1973) and Rishi (1973) according to
whom the diploid number is 32, Howsver, the karyotyps study of this
fish by Manna and Prasad (9973) and Rishi (9973) is not in Pull
agreemant to. sach othsor. Similarly, the diploid number for

C. striatus as detormined by.Néyvar (1965) and Manna and Prasad
(19?3) is 40, but the dstailed karyotype analysis is full of
contrédictianw The presént investipgation thorsfore, was undertaken
to detormine the diploid number and chromoscma morphology of five
Channa spaciss to study the oxtent of intra- and interespecific
variations and to analysa"tﬁe phylogenatic ralationship among the

various members of tha family Channidase.
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2.1+ The Fishes

Materials for the present study comprised of five species

of Channa viz., C. stristus, C. barca, C. punctata, C. stewartii

and C. orientalis (as described in Chapter 1) and wsre collected

from Gauhati (Assam) and Shillong (Maghalaya).

2020 Chromasohe praparations -

Adult individuais recéiVed an intramuscular or intraperi=-
ténial 1njaction of 0.05% Colchicine solution at a rate of 1 ml/
100 gm. body weight. The injected fishes were then raeleased in a
wall asrated aguarium and sacrificed after 2«4 hours depending on

ths condition of the.Pish.

Cytological preparation ?ar‘chromosomél slides wers mads
from kidney and gonads following the techniqus of Baker (1970)
with‘n@ceasaryAmodificationa_as described below. The tissues wéra
‘taken out, cut into Pine piecse with tho help of a scissor in
hypotonic solution (triesodium citrate soclution 0159%)5 flushead
vigorously to make a homogenous csll suspension'and sllowad to
stand for about 45 minutss. The homogenoué suspengion thus preg=
pared was cént:i?ugedlat 1500=-2000 rpme. for abogt 12=15 minutas.
The suparnatant was temoved and the residue was Pixed in about
4 ml. of Preshly prepé*ed modified Carnoy's fixative (Acetic acids
Absoiute alcohol, 183 v/v) and resuspended by vigorous flushing,
till a homogenous solution was obtained. This solution was allowsd
to fix for about 30 minutes at room temperature. The suspension '
was then again contrifuged at 1500=2000 rpm. for at least 10«15
minutes and the supernatant was again discarded. The cell mass at
the bottom oP.tha tube was rsauspended in about 1 ml. of fixative.

Two or threc drops of the suspension wers thon placed on a clean
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slids (chilled in absolute alcohol)for overnight for better
cleaning and also to minimize the hsat) from a distanecs and
ignited by passing the slide over a flame. Thon the slide was
kopt for proper drying. Th£s preparation was oithar directly

used for staining or kept in s dustefras box for further use.

The dried slide were stalned with Giemsa stain solution.

The working atain solution was prepared as follows ¢

(1) Praparation of bu??ar solution: A buf?sr solution of
pH 648 OF 72 was praparsd by mixiﬁg two stock solutions of /15
. di<sodium hydrogen orthophosphate and /15 Potassium dihydrogen -

orthqphoSphata in squal volumge

(i1) 10 ml of Giomsa stack solution was mixed thoroughly
with 90ml. of the above bu??er solution.

(111) The driad alidaé'wers then ata;nad with the above

solution for about 10«15 minutes.

(iv) The stainod slides wsre thon washed in distilled wetor
and allowsd to dry,complétaly. Aftor drying, the slides wsre
mounted in D.P.X. mountant after a dip in Xylena for 57 minutes.
Whanever necessary, photomicrographs were taksn of the chromosomal
spreads and karyotypes énd idiegrams were preparsd.

230 Ehromasoma analysiss |
The following parameters ware bonsidsred while studying

the chromosome morphology?

(1) Length of ths long arm of the chromosoma.

(ii) Length of ths short arm of ths chromosoms.



(i11)

. (iv)

(v)
(vi)

(vii)

(viii)

920

Length of the lqng agm

Arm=ratio or 'r! = < }
Length of the short arm

Langth of tha short arm 100
Length of the 1long arm '

Centromeoric Indices =

Total langth of the chromosomes

Relative lanqth of ths chromosome:

RL = Total lonath of s chromosome
Total length of the whols chromasome set .

Number of arms or NF vaglue! total numboar of arms in
a complets chromosome set.

Contromeric position and chromosoms type.

The position of tho contromere was determined aceording to

Levan gt al.

(1964) by dividing the long arm by the short arm to

provide an arm ratio (r). If 'r' is 1.0 to 1.7, the centromere has

boen considared as median and the chromosoms has been daesignated

as 'm' type (motacentric); a *r' of 1.7 to 3.0 reflects a submedian

centromare and the chromosome has baan refarred as ‘sm' typs (sube

metacantric). A 'r' botusen 3.0 to 7.0 indicates a subterminal

cantromere and the chromosome has boen designated ss *st! type

(subtelocentric). A 'r' of 7.0 to infPinity indicatss a2 terminal

centromere and the chromosoms has been reforred as 't' type

(terminal).

Basing on the centromaric position and chromosoms typa,

karyotypes and idiograms uwsre prepared.
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The diploid number for sach species has been determinad
by studying a large number of well spread metaphase complements
from both the sexes. Chromosomes have been categorised following
the suggestion of Levan gt al. (1964) amd grouped in the karyo-
type according to the types ano afrangad serially according to
the decreasing order oF length. Only the mean values of all the
measurements,‘taken from leFerent chromosome sets, were used in.

the tables For karyotyplc studles.

3.1, Chromosomevof C.'sﬁriatosf
To establish the d1p101dlchromosoma numbar oF this

spec1es, 147, mell spread metaphase complements have been studlad.
As the chromosome number is Found to Vary betwesn 36 and 42, the
frequency of churrehcexhassbeen Found,outlfo: the axact 2n
number, as. follows ﬁm'1  ﬁ n§ “,}A . o ;

‘No.'dﬁlchromOéomeS}(Qm)'ﬂﬁ36.":38 40 42

~ No. -of ‘nuclei'scored - .. 2. 12 127 R

Thus the chromosome countlng Qhows a deFlnlte peak at 40
(86 397) and “this has been con31derad as tha '2n number for

E. étriatds_(plate I).

LI

' The karyotype oF C. strlatus 1nd1catas the prasence of 4

H

of ‘aub= telocantrlc chromosomes u1th aub terminal centromere and .

13 pairs of tslocentrlc (or acrocentrlc) chromosomes ‘with termlnal!
centromers (Fig. 1, Table-1). Thus it. i8 seen that the karyotype
con31sts of 7 palrs ‘of bl»armed and 13 palrS of SLngle-armed

chromosomasq:No{hatenomorphlc.chromosome pair could be detected



Tablget : Karyomorphological studias of tha-chfomosama conplemant of Channa striatuse.

1. Length of Length of Total % Relative Arm Centromeric Chromow
No. short arm long arm length length Ratio Indices somo
(n) ) (u (r) -~ Type
1. 2.68 2.82 5.50 10.52 1.05 48.73 m
20 2.22 2.25 4447 8.55 1.92 49 .66 m
3. 1.99 1.94 3.85 7436 1.02 49.61 m
4. 1.53 1.67 3.20 6.12 1.09 47.80 . m
Se 0.85 2475 3.60 6.89 3.24 23.61 " st
Ge 0.71 272 3.43 656 3.83 20,69 st
7.  0.56 2.54 3.40 5,93 4454 10.06 st”
8. - - 2,78 5e32 o< - t
9. - - 2,54 4.80 o - t
10. - - 2.36 4451 oc - t
e - - 2.22 4425 e - t
12 - - 2.08 3.98 i - t
13. - - 1.97 3.77 o - t
14. - - 1.94 3471 oc - t
15. - - 1.89 3.46 i - t
16. - - 169 3.23 o - t
17. - - 1.67 3.19 a - t
18. - - 1.53 2.93 < - t
19. - - 1.46 279 o< - t
% - t

20-. - = 1011 -20112
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in either sexea. The 'HF' valus (no. of arms) for this species is
faund to be 54, The maan length of chromosome ranges from 5.50

"micra to 1.11 micrae.

3.2+ Chromosomas of C. barcas

160 well spread metaﬁﬁase complements have besn employed
Por chromosome counting to establish the diploid number. It has
)’been observed that chromosome number, sometimes varies betwsen
36 and 42 and thersfore, to got the exact diploid number, the
fraquency of occurrence has been found out as shoun below ¢

No. of chromosomez (2n) 36 38 40 42
Noe of nuclei scored 6 132 20 4

Thus the chromosome counting shows a definite peak at 2n =
38 (82.5%) and this has heen considered as the 2n number for

C. barea (Plate II).

From tho karyomorphological analysis, it has been found
that the karyotype of C. barga consists of 8 pairs of bi-armed
and 11 pairs of single=armad chromosomes, which can be further -
rosolved into 3 pairs of matacentric chromosomas with median |
centromete, 3 pairs of submetacentric chromosomes with subemedian
centronera, 2 pairs of subtelocantric chromosomes with subeterminal
contromers and 11 pairs of telocentric (or acrocentric) chromosomes
with terminal centromere (Fig. 1, Table=2). Houwsvar, no sax chromo-
somes or hateromorphic pair could be deteocted in aither sexes. The
YNF' vglue for this species is found to be S4. The mean chromosomo

length varies betwsen 3.38 micra to 0.78 micras



Table-2 $ Karyomorpholopgical studies of the Chromosoma complemant of Channa barca

51. Lanqgth of Ltongth of Total % Relative Arm Centro= Chromoe-

o short arm long arm length langth Ratio meric some
(1) (1) (i . ~) Indices type
Te 1.67 171 2.38 10.37 1.02 49.41 m
2. 1.56 162 3.18 9.76 1.04  49.06 m-
.3 0.91 0.94 1.85% 5.68 1.03 49.19 m
b .89 1.78 2.67 8419 2.0 33.33 sm
5. 0.88 1.73 2.61 8.01 1.97 33472 sm
[ - 067 1.38 2.05 629 2.06  32.68 sm
e 0.45 1.56 2.01 6.17 3.47 22.39 st
B 0.43 1.33 1.76 5.40 3.09 24.43 st
9. - - 1.55 4.79 = - t
10. - - 1.46 4.48 & - t
11. - - 1.45 445 e - t
i2. - - 1.34 4.11 '¢ - t
13. - - 1.21 3.71 (o4 - t
144 - - 1.17 3.59 [ 4 - t
15. c= - 1.14 3.49 & - t
16. - - 1.06 3.25 (% - t
17 - - 1.01 3.10 &= - t
18. - - 0.89 2.73 -4 - t
& - t

1 9»0 - hadd 0.78 20-39
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343+ Chromosomas of Ce punctatas

297 well sSpraad mataphase complamsnts have bosen usad for
chromosome counting to determins the 2n number for this spscies,
the result of which has convincingly demonstrated the existence
of tws forms of C, punctaﬁa Eiéé-individuals with 2n = 34 grouped
together as C. punctata vares A and individuals mith 2n = 32,
groupsd as C. gunchate vare. Be

3¢3010 gg punctata vare. A ‘

Karyotypic anaiysis of é« punctata var. A reveals ths pre-
sence of 15 pairs of biéarmad*and 2 pairs of singls armed chromo-
somes iﬁ the total complement (Plate II;). On furthsr investigation,
it has bean obssrvad that ﬁhé karyotyps consigsts of 8 pairs of
metacentric chromosomes with madiasn centromera, 7 pairs of sube
metacentrié chromosomes with submedian centromare and 2 pairs of
talodentrib chromosomes with termiﬁal cantromers (Figs 1, Table=3).
Hore also no heteromorphic pair or marker chromosomes could bs
demarcatad. The "NF' yalue fér‘thia uériety is found to be 64. The

mean chromosams length rangéa Batwsen 2:.84 micra gnd D.88 micra.

3°3.2¢‘g, punctaﬁa var. o

The karyotype consists of 16 pairs of bie=grmed chromosomas
(Plate=1V), characterized by the presence of 8 pairs of metacen=-
tric chrnmosqmes-&ith medién centromere and 8 pairs of submetas
centric chromosomss with subsmedian centromers (Fig. 1, Tébls&&)o
No hateromorphic paif or marker pair could be detacted, The "NF!

valuag Por this vgriety isxalso found to be 644 as in the case of
€+ punctata vars As The mean chromosoms langth varies betwsen

3,84 micra and 1.79 micra.
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Table=3 ¢ Karyomorphological studies of the chroﬁosume-complemeht of Channa punctata

(Variety=A)
si. Lenath of Length of Total % Relative Arm Centro- Chromo=
HO - short arm 1long arm langth langth Ratio meric soma
(i) (") (i) (r)  Indices Type
1. 2.51 2.53 5.04 10.71 1.01 49.80 @
2. 2.23 2.25 448 - 9.52  1.01 49.78 m
3. 2.08 - 2.11 419 . B.90 .01 49.64 m
b 2.01° = 2.09" 4410 . BoT1 1.06  49.02 m
5e° 1.45 1.51 2.96 = 6.29  1.04 48,99 "
6o 18 1.5 2.90 - 6416  1.07 48 .28 m
7e 1.36 1438 2.74 . - 5.82  1.01 49464 @
8. 1.12" 1.13 2425 4.78 101 49.78 o
9. 1.25" 2.25 3.50 - 7.44 1.18 35.71 sm
10. 1.07 1487 2.94 © 6425 1.75 36439 sm
1. 0.83" 1.51 2.38 5,06 .82 34.87 sm
12. 0.75 1.49 2424 4,76 1.99 33.48 sm
13. 0.63 1.24 1.87 3.97 1.97 33.69 sm
14, 0.48 1.22 1.70 © 3.61 2.54 28.24 sm
15. 0.44 1.21 1.65 © 3,51 2.75 26.67 om
16. - - 1.25 - 2.66 < - t

i7. - - 0.88 1.87 o - t




sla=4 ¢ Karyomorphological studies of the chromosome complament-of Channg

punctata (Variety-B).

‘Length of

Apm

Chromoe

4.48

51. Length of Total % Relative Cantro=
No. short arm long arwm Length - length Ratio meriec some
° (k) ?u) (1) : Indices Type
1. 1.91 1.93 3.84 9,61 1401 49.74 @
2. 1440 149 2497 7.44 C1.01 49.83 0
3. 142 1.44 2.86 7.16 1.01 49.65 m
4. 1442 1.43 2.85 7413 1.01 49.82 m
5. 1.28 1431 2.59 6.48 1.02 49.42 m
Be 1.19 1.29 2440 601 1.01 49.58 m
7. 1417 1.18 2.35 " 5.88° 1.01  49.79 o
8. 1.12 113 2.25 5463 1.01 49.78 m
9. 1.06 1.91 2.97 7.34 1.80 35.69 sm
10. 0.87 1.84 271 6679 2.11 ©32.10 sm
11. 0.75 1.81 2.56 6s41 . . 2.41 29.29 sm
12. 0.68 1.39 2.07 5.18 2.04 32.85 sm
13. 0.64 1.38 2:02 5.06 2415 31.68 sm
14. 8.63 ‘1.28 171 4478 2.03 32,98 am
15. 0.62 1.18 1.80 4451 1.90 34.44 sm
16 0.62 1.17 1.79 1.89 36.64 sm
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3.4. Chromosomes o? C. stemgrtxi. ‘ |

188 well spread metaphase complemente have been employed
to determine the d1p101d number For this species. The Variation
in chromoeome number is found to be 62 and 68. So, to establish
the 2n number, the frequency of occurrence has been Pouddvout
as Follomei ‘

No. of chromosomes (2n) 62 64 66 - 68
No. of nuclei scored . 6 " 16 - "161 5.

. . . . s , \ .
Thue it has bsen. observed that the chromosome countiwg
. shous a deflnlte peak at 66 (BS 64%) and therefore this numb&r

hie oon91dered as the dlploid number For C. stewartii (Plate V \e

The:kéryotybe coheieteﬁo?'lé'pairs of bi=armed and 21

paife of single armed dhfomoeomes'whioh'coUId”oe characterizad
Fby the preeenoe oF'éipeirsvof'metacehtoic chromosomes with

o medlan centromere, 3 pairs.of submetacentric chromosomes with
eubmedlan centromere, 3 pairs of eubtelocentric chromoeomee with
'sub-termlnal centromere and 21 palrs of telocentrlc chromoeomes
‘with terminal centromere (Flg. 2, TableaS) The YHF! value is
found to be 90. The mean chromosome length ranges From 4 42
vmicra to O. 43 micrae. Heteromorphlo pair or sex chromosomes could

not be dif’f‘erentiated.

3 5. Chromosomes oF C. orientalis.

208 mell epread metaphase complements ‘have been used for
chromosome oountlng to determlne the diploid number For this
epec1es. In the studled chromoeome complemente, the number is

found to be varying betwsen 74 and 80. However, to determine



Table=5 ¢ Karyomorphological studies of the chromosome complement of Chgnna
gtswartii.

sy. Length of VLeﬂgth of Total . % Relative Arm Centro= Chromo=

S short arm long arm length length Ratio . meric  some
Ne.. () ?u (w) (r)  Indices Type
2 1.64 1.73 3.37 5.85 1.05 = 4B.66 m
'3, 1443 1.52 2.95 45012 1.06  48.47  m
4 1429 . 1.36 ¢ 2465 ¢ 459  1.05 48. 68 m
56' (1\026- ' . 1 27 2053 4 39 1 001 49.80 ' m
6o .86 | ‘0.89 1.75 - 3.04 1.03 49.14 m
7e 1.12 2.08 3.20 5.55 1.85 = 35.00 sm
8. 14 1,97 C 3.1 5.39 1.73 36.66 am
9. ‘ ‘0.58- . 1.86° : ’ 2Q44 ' ' 4 023 ' * 3 27T : 2377 . 'St ’

" 10. 057 . - 1.71 : 2.28 , 3.96 . 3.0 - 25,00 st
11. 0.57 . . 1,57, . 2.14 : - 3.71  ©2.75 . 26.64  sm
12, ‘De42 1.29 1471 2.97 . 3.07 24,56 - st
13. - S - 2.15 3.73 Lo ' o t.
14, - - 2.03 3.52 o< - t
15. - - 173 - - 3.00- - X - t
16. - “ 1.57 © 1 2.72 o - t
17. - - 1,56 . 2.71 « - t
19. - - 1436 2.36 o< - t
20. - - 1.36 2.36 < - t
21. - o 1.29 2.24 X - t
22. - - 1.28 2.22 o< - t
23 ° hd - 1 -21 2009 o o t
24. - - 1.14 1.98 ot - t
25. - - 1.02 1.77 o - t
260 st - 1 .07 1.86 o L4 t
27'0 had o 0.93 1 ot61 o ad t
280 - -’ 0086 1 0&9 ¢ ' L t
29, - - 0.85 1.48 o - t
300 - - 0071 1 023 o b t
33. - - 0.43 0.75 4 - t




Table=6 Karyomorphological studies of the chromosome complement of Channa
_ " origntalis -

Sl. Length of  Length of  Total % Relative Arm Centro-~ Chromo=

‘Ne. Short arm long arm Length length Ratio meric ' some
R () - %M)v (M) Co (r) Indices " Type
3, 0,71 . 1.7 2.42 6.74 2.41,  29.3&  sm
e 0.58 1.29 1.87 5.20 2.22  31.02 sm
Se - Do 1.79 4.98 & -t
7. - - 1,57 4137 & - £
8. R e 1.43 3.98 4 - t
. 9? - -, i 036 3.79 & - t

10. - - 1.29 3,59 o - t
i3, - ‘- 0.93 2.59 o - £

14. - - 0.91 2.53 o - t

’Sn- « L e D.86 2.39 &< - t .
16. - - 0484 2.34 o - t
17. - - 0.83 2.31 & . - t
18. - - 9,79 2.19 x - t
19. - Ca D77 2.14 o ] t
20. .. - 0.71 1.98 o - t
22 L = D066 . 1.87 o - t
23. = . - 0054 h 1078 (4§ -~ t
24. - - 0.58 - 1.61 o - t.
25. - e 0057 ] 1059 [».8 - t
26 - - 0.57 1.59 & - t
27. = -». 0.56 . 1 .56 [v 4 had t
28. - - 0.52 ) 1 «45 e - t
29. - - 0.51 1.47 & - £
30. - < 0.50 1.39 [o'4 - t
31. b - - 0.43 1.19 o - - t
32- - - 0042 ' 1 017 X - t
33. - - 0.41 1.14 &= - t
34. - - 0.41 1.14 ) - t
35- -, ad 0036 E 1 OUB &= - t
36" - - 0.35 0.97 o ol t
37. - - 0.29 D.81 & - t
38. - -, e - t

0.28 6.78
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tha exact 2n number, the frequancy of sccurrence for such
variants are found out as shown belows

Noe« 6f chromosomss (2n) - 74 76 78 80
Hoe of nuclei:scored - 2 174 28 7

Thuas the chromosoma counting shows the psak when 2n= 76
(82.71%) and this has been cansidered as the diploid numbsr of
this spscies (Plate V1).

It has been found that the karyotype of C. orientalis
consists of 4 pairs of biwarmed and 34 pairs of single armed
chromogsomas. Tha karyotyps is characterized by the presance of
1 pair of metacentric chromoS§mes with median centromere, 3 pairs
of submetacaentric chromosomes with sube-median centromere and 34
pairs of telocenﬁ:ic chromosomas with terminal centromers (Fig.
2, Table=6)e The '"NF' valus is found to be 84. The moan length
of chromosomes varies bstwsen 2.29 micra aﬁd 0.28 micra. No
hetsremofphic pair or sex chtombsomes could be detected in the

karyotypa.




4 DISCUSSION
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Ch:amQSQma étudies iﬁ fishes have bgen found to be
extramely difficult because of their small size and high number
and probably, tharefore, out”of the 25;000 existing fish species,
only 1000 or so are cytologically worked out (Sela gt gl. 1981).
Hbmevér, with the adVanceslinjtha methodology, our knowlsdge on

fish chromosomes is being éﬁf@chad everydaye

Review of literaturs reveals that there exists at present
a cansiderabia uneertainty and confusion among fish cytogenebic~'
isﬁs in intérprating the natura of the ’st'-type of ehromnsohes
with raferance to their number of arms. While a larges number oF
workers has considered the 'st“ typa as single armed, an equally
largs number has considsred tha ‘st' typs as bi-agmed and there
éra instances that researchers who sarlier considered the st' as
) éingle armed later phangsq thair ataéﬂ in favour of ths bi=armed
status (Manﬁa and‘Pxésad@‘1973 and‘Maﬁna and Khuda=Bukhsh 1977).
We are of tho Opidién that the 'st' type of chromosomes should be
.conaidered as bi-armed while determining the NF ualﬁe, bacause the
 very basis of catagarisingjthe chromosome depends Qéon_tha arm |
ratio and aﬁ arm ratio less than 7.0 recognises the presenqé df

two arms in the chromosomes concerned (Table<7), C .

| The diploid chromosomé number o? Co striatua was first
reported by Hayyar (1966) according to uhom, ths karyotypas con= -
sisted of 10 metacentric and 30 rods which amount to NF 50 Manna
‘and Prasad (1973) while reporting the sama diploid numberr(anaﬂ)
‘for Eﬁ atrlatus'gaua a chromosoms formulal én = 8m + 23m + 159t**
jét which according £o the prossnt doncept accepts the NF 355565

The present investigation confirms the diploid number as 40
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Howsver; the chromosome formula 2n = Bm + 6st + 26t, determinad
by us doss not fully agree with the Pindings of Manna and Prasad
(1973). While the number of metacentrics is same i.e. 8 in both
the findings, the gross differences can be boiled douwn to ths
single submatacentric pair they have recorded in the karyotype

as according to their obsarﬁétianz “The karyotype consisted of

4 pairs of metacentrics, 1 pair of submstacentrics and 15 pairs
of rodeshaped ongs". A pericéhhric inversion in a rod shaped
chremosome may convert it to a submstacentric one which may wsll
account for the difference in the two karyotypes. It may be woll
to state hore that dif?ereqt karyotyﬁes with a constancy in the

. diploid numbekéhas beaen reﬁd:ted in ﬁggyilla ggggilla (Chiarelli”
ot al. 1969, Passakes 1978, Sola st al. 1980), Anguilla australis

(Nishikawa'gg;gé, 1971, Sola 2555&3.1980),_Rngu111a rostrata (Ohno

et al. 1973, Sola ot al. 1980), Oncorhynchus kisutch (Simon 1963,

Uyanb.1972),v§g1moigairdneri (Cusllar and Uysno 1972, Muramoto
et als 1974, Thorgeard 1976, 1977), Salvslinus fontinalis
(Davissen gi gle {?72, Cataudells at al. 1973b, Muramoto gt al.
1974y Acheilagnathus lancéolatus (8jima gt als 1973) and a large

. number of other ﬁish apacieép

The chrdmdéoﬁea of Channa barca is being reported for ths

first timee The diploid numbéﬁ'is 38 and tha chromosomg formula
2n = 6ém ¢ éém #v4s€ ¢ 22t ané'tha‘N? is ecalculated as 54.

The kaf;;typakstudy oFtﬁhanna,gynctata shows the existance
of tus qums§ ﬁégyéx (1966) reported a diploid number of 34 (16
meﬁacentrics and,1& acrocentr1cs) from populations collacted from
the river Yamuna and its adjoining tributaries near Delhi. Rishi
(1973) observed a diploid number of 32 (5 pairs of metacentric, 9



Table=7 & Gross karyotypic analysis of differant Channa spp.

studied,
Spoacies 2n m  8m st t NF
i+ Channa striatus 40 8 - 6 26 54
2. Channa barca 38. 6 6 4 22 54
3. Channa punctata - 6
- (Varisty=A) 34 j6 14 4 4
4o Channa punctatsg 32 16 16 - - 64
zﬁarietyéas ' ’
5. Channa stowartii 66 12 6 6 42 90

G+ Channa arientalia 76 2 6 - 68 84
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pairs of submatacaﬁtrié and'i bairs of acrocentric'chrumoaomes)
from populations collected from ponds near Kurukshetra. Manna

and Pfasad (1973) also obtainaed a diploid rnumber o?'32 (origin

" _presumabiy kalyani, Wast Bsﬁgal) and observed "all the chromosahea
had a sscond arm of variable i@ngth and none was devoid of it".
‘Qut. ohservations from spocimens originating Prom ponds and ths
,Brahmaputré systems aréund Gadhati, Assam have revsaled the
préaehcerof two Foﬁms with Pundamental differencaes in chromosome.
number and moréhology¢ The form A has a diploid number of 34 (16m

¢ 143m + 4t) and Form B possesses a dipleid number of 32 (16m +
-169m)¢ Yhouéh»tha 2n numbers of the two forms apparsntly correspond
with the previous works (Manna and Prasad 1973, Rishi 19733 2n=32
and Nayar 1966° 2n=34)9 tha karyotype compositions and NF valuass
diffor considarably. The axistancs of mors than ons chromosomal
Porms (with diffarent diploid numbars) has bean reported in several
Pish spacias. Wanna and Prasad (197&b) have reported the occurrance

of twa Porms of ﬁgstua uittatua (Bagridaa) having 54 and 58 as

diploid numbarSQ They have claimed that pericentric inversion or
centromeric shift and not simple Robertsonian principle is the .
underlying cause. Rdécently LeGrande and Cavender (1980) have dis=

covered two chromosomal racaa of Noturus flavus (SiluriPormesg

Ictaluridae) with diploid numbers of 48 and 50 which appear to be
easily axplainéhla_as a Robertsonian rearrangement. Robertsonian
rearrangsmants ra?ét to ths fusion of two non-homologous single
armed chromosomes td qQive rise to a blearmed one and cornversely

tha ?ormatién of tuo single armed chromosomes by tha fission and/
or dissgciation af a bi-armed chromosoma. Such svants haqs Praquens

tly been credifad‘aa a major oporative procedure in the evelution
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of Pish karyotyps (Gold 1979). It has been claimed that centric
fusiona aré more common thén céntric dissociations (Denton 1973,
LaGrands 1978) thus suggasting that decrease in diploid number is
the more favoured pathway in karyotypic evolution in fish.
Considering this concépﬁ wa @oﬁld like to sugqgest the tuwo pairsr

of T¢* chroﬁosamas of form A have given rise to ons pair "sm®
chromosome of form B through fusions The differance in metrical
analysis of the tmp forms may be sasily explainad by taking into
considerétion that soms amount of chromatin may be deleted at
various times during the transformations. It may be well to re-
collect hers that mo?phomefric:analysis and meristic counts (Re?.
Chapter 1) failed to difPferentiats tho two forms. A datail investi-
gation inuolﬁing-braediné axperinants would perhaps be ths only way
to diassct the taxonromic atatus of the two Porms. Navsrtheless, the
present finding roaffirms tho importénce of chromosomos as a

valugble ﬁool for tho taxonomists:

The detailed chramosamécanalysia of Channa stewartii has
been carried out for the ?i:ét time (2n=665 NF=903 12m + 6Gsm + 6st
+ 42t).

The karyotyps of Channa orisntalis (= C. gachuas Menon 1974)

as dsscribed:hare, diffors markad;y from that of C. gachua as pfan
sented by Manna and Prasad (1?73). Iin contrast to ouf FindinQS-q?
764 chromosomes, of which 2 belong to 'm' type, 6 to 'sm’ type and
the rest (68) to *t' type, they have reported a diploid number of
78 consisting of 12m; 12sm; 4st; 14t and 36T chromosomes. It may'

be stated that sarlier C. orisntalis and C. gachua (0. gachua)

wore rogarded as separate spocies (Day 1878).
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The fomales of both the forms of g: punctata have slightly
larger chromosomes than that of the malss. Howsver, in the. other
Channg species the variations observed ware not significant. The
diffaerence may be attributed to some unknown physiological factars
esssntially under gesnic control (Manna and Prasad 1973). In a
- further sgnalysis it has bean rovsaled that the total length of
chromosomes in differsnt speciss varies from 32.58 micra to 57,82
miera and two groups can be tantatively made on this basis viz.
(1) Co bagcg (32.58 micra), Co griantalis (35.94 micra) and
C. punctata var. B (39.94 micra) and (ii) C. punctata var. A (47.07
micra), Co striatus (52¢28'm1cra) and Co stewartii (57.82 micra).
It is intaregting to note that the HF values of C. punctata uaro‘n
-‘and‘g;.euncﬁatg-Uar; 8 (NF=64) and:that of C« barca and E,striaﬁus
(¥F=54) are sams, but they differ in the total length of their |
chromosomes. It has also been noticed that the maximum and minimum

lengths of the bisarmed chromosomes for all the apecies are witnin
'the same rangé gexcopt in g,-atriatus which is charaeteriiad with
comparatively larger chromosomes. In case of single armed chromo=
somes, except C. striatus, all the 3pgeias show a decreasing téand

in their moan lsngth with the incraasing number.

The teleosts in general, display relatively hiéh diploid
numbers (around 50); thraas 1n the comparstively advancad grOUﬁ
(Neotelsosts) ths dipleid cﬁromosoma numbar rarely excseds 24
(Hinsgardnsr ahd'Rosen 1972, Stingo 1979). Karyotyps mads up of
bisarmed chromosomss merely difﬁering in size are considered as
symmotrical, while the karyotypes exhibiting marked di??erences'in
‘the chromosome shape and size are definad as asymmatricale. The

latter is further tsrmed as unimodal when they lack microchromosomss
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(Stebbins 1971, Morescalechi 1975). It appoars, thsrafors,; theres
exists considarable &agréé.q? chraomosomal heterogengity asmong

the Channids. While C. punctata var. 8 qualifiss to be categorised
under the type aymﬁaifical;ﬁﬁhé¢rast can be labelled as assymtefri-

eal? Unimodal type.

According to Cold (1979), thres primary mechanisms vize
polypleidy, anouploidy and Robertsonian rearrangement can be held
rasponasible for changss in chromosome numbsr to bo sstsblishad
during ths course of svolution. The difPerance in ths karyotype
and the pathuay of spociation has bsen convincingly explained
through Raobertsonian altaraﬁions in g large number of fish family
(3imon 1963, Danton 1973, Park 1974, LeGrande 1980). However, it
is oxtremely difficult to axplain the great diversity in the karyo=
type of the di??e:anﬁ Channa sapscies solsly through Reohertsonian
principles. The basic in?aranca from Robartsonian principles is
change in diploid number without accompanying change in HF (Booke
1974, LeGranda 1981). Howsvser, according to the present investiga-
tion, not only there is a wide range in the diploid number (32<76)
among the different members; the NF valuss also vary significantly
(64<90) . In sbsence of data on comparative nuclear DNA values of
these five species; no comment on diploid-tatraploid relationship
seems to be justified. Morsover, the analysis of total chromosomal
"length and studiss on meiotic bshaviour (Manna and Prasad 1973,
Dhar unpublished), i5 not indicative of polyploidy among the diff-
arant spacias; The importance of psricentric inversion and/or
centromsric shift aleng with Rabertaénian events in fish svolution
have beon strassed by uarious workers (Manna and Prasad 1971,

LeGrands 1981)s The present knawladga of the karyology of ths
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Channidas doass not raveal a clear cut pathway of karyotypic
evolutions Howsver, considéring all the information auailabie,

ws are of the opinion that Robertsenian alterations supsrimposed
with paxicentric inuersion and/a: centramaric shift have been

the major mechanism behind karyotypic svolution in Channidas.

‘Tha presonce of asymmotrical karyotype in all the Channg species
axcept C. punctats var. B tends to support the concept that all

of them are comparatively pfimitiua than the latter. It is nouw
widely acceptad that the most Pundamontal karyotype of fishes
congists of appxoxiﬁately 48 acrocentric chromosomas (Nogusa 1940,
Poat 1965) and there is a tend@ncy for evolving groups of fishes
to have fewsr chromosomes through bi-arm Pormation (Danton 1973,
LeGrande 1978)§ Recantly Méﬁna and Khuda=Bukhsh (1977) have sugge
astaed that insteadvoP all ﬁaing of rode=shapad, ths primitive
karyotypes consisted of 48 chromosomes with diffsrent morphology
88 it would involué lass structural roarrangements in the evolution
of diffarent karyotypes than if they wsre to be derived from all
rods. Both 5?~sttiatua andigylggggg,with NF=54 and diploid number
of 40 and 38 rospectively éaem,to be closs to the primitive karyoe
typa. Tha karyotype of the former might have given riss to that of
the latter by the fusion of 4 't' chromosomss and slight modifPica=
tion in the position of the contromere of some bi<armed chromosomes
through centrumérib,éhlft& Robortsenian altaration through fPusion
of 8 't' and ﬂéﬁicentric inversion in 10 't will result in the
karyotypa of C. punctata vars A. It has already been suggested
that centeric fusioﬁ involving 4 "t's of C. punctata var. A will
give riss te the karyotype of (. punctata vare B. While the inter-
rolationship betunan the karyotypes of C. grientalis and
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C+ stawartii is apparaﬁt (20 't*' change to 10 bissrmed through
fusion and 6 't' bécome biearmed by pericentric inversion), it

is extremsly difficult to ?ind out the ralationship of thesse tuwo
spociss to the 'so«called‘ main ling in the Channid speciation.

€. orientalis has a diploid number exactly double of that of

Ce+ barca. May be ﬁaihly polyploidy coupled with Robartsonian
alterations or pericentric invérsinnvhad a role to play. It may
also be argugd that by a complex seriss of pericentric inversions,
centric diesogiations, g,,oriéntalis evolved from C. barca. In the
~ karyotypic svolution of Chiroptoras the direction of Robertsonian
alterations (Fission/?uéion).seama.té move indifferently in both
directiona:(capanné,andeivitelli 1970). But it should‘also ba
pemambered.that'_'thé‘ ‘uvs'u;al t‘,r_ei,njd. as obssrved in Fish karyotype
svolution is indicative té@ardélreduction of chromosems number.
Recantly LeGrandeﬁ(i981)'has.suggestad the possible occurrence of
centromeric terminalization ﬁfibr to fusion as an operative factor
in the evélutioﬁaoﬁ.fctalurid karyotprSc This may also be applicaw
ble to the complsxity of relationship betwesn these twp karyotypas.
Considaring all the available facts and tha concept that in the
absence of the primitive number in several families bacause of
marked diffarences in the karyotypesg the karyotyps svolution in
fish has bsen multidiractional (Danton 1973, Park 1974), ws have
suggested the poasible ways of speciation in this family (Fig.B).
Per?ectxon oF tha banding tachniquas Por figsh, 19 hoped to unravel

the problem in Futurao

It is uwsll accoptad that correlations betwsen mofphologid'and
karyologic evolution are hard to understand (Benazzi 1973). Though

the morphotaxonomists have placed the snake=hsads under a»distinct
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ofdar with a single family, it is often difficult to identify
them by morphometric and meristic critsria., Karyonlogically, how~
sver, each speciaaqia,ramarkahiy distinct, Agéin on the question
whether thess Pishestas'a group.Should be trsatsd ss primitive
or advanced, karyologic data leads us to utter confusion. It we
consider their airebreathing nature, tho symmetrical karyotyps
of C. punctata var. B; should bs regarded as an advanced or
spacialized groupe The asymmotrical karyotyps of the rest of the
species, on tha othar hand, i{s indicative of the reverse. In
addition, éu??i&iéﬁﬁ fossil records are not available to throw

any lighte

Though thére are few reports on the presence of gex
chromosomss or hetarogametic individusls in fishes (Liedsr 1963,
Chen 19569, Ebaiing and Chen 1970, Uyeno and Muller 1971, Rishi
and Gaur 1976@:F6rster and Anders 1977, Cataudslla and Sela 1977,
Thorgaard 1977, Filho st ale 1980), no hoteromorphic pair or sex
chromosomas ¢ould be dgtected in the prosently studied species
which is in accordance with the current concept that tha sex
chromosomes in fish ars in very low grade of differantiation and

hence not morphologically distinguishables
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Plate=11 : Mstaphase spread from kidney
and karyotype of Channa barca

(a) Male (b) Femala (¢) Karyotype
(bar ropraesents 10MK)
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Plate=111 : Motaphase spread from kidney
and karyotype of Chaﬁna punctatavar,g,

(a) tale (b) Femele (c) Karyotype
(bar reprasants 10M) '
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Plata=1V & Hetaphase apread from kidney and
karyotype of Channa fpunctata Var. 8.

(a) Male (b) Female (c) Karyotyps
(bar represents 10M)
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Plats=V 3 Mataphase spread from kidney and
karyotype of Channa stewartii

(a) Male (b) Karyotype
(bar represents 10M4)
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Plate VI : Metaphase spread from kidney and
karyotyps of Channa orientalis

(a) Male (b) Karyotype
(bar represents 10K)




PLATE-VI

6 o, &
i,
o S
‘:3:‘o.§?‘ \‘\‘0
' “ -
]

- . - - -~ Mo so=-m

- - ®oe o 10 1 b



2 N A
404 Channg punctata var.
< o UHINRA L”” |
! SV InTn S
WF*PHF** Wﬁﬁﬁ
FHT Cha punct A

Bl s,

Fig. |1.IDIOGRAMS OF DFFERENT Q ANNA S ECIES




A4

Length in

404

204

|

Channa stewartii

407

i

ﬁﬁﬁﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂmmmm

Channa orientalis

(H(UﬂrWﬂfﬂfﬂﬂﬂﬂﬂﬂﬂnﬂﬂﬂnnnmnna%

Chromosome numbers +

: I
Fig. 2. IDIOGRAMS OF DIFFERENT CHANNA SPECIES



C. punctato var. B

32-0~64

A

Robertsonian Fusion

C. punctata var. A C. stewartii
[34-4-64| | 66—42-90 ]
A \ Robertson!
L , , Fusion and
Rob'erfsor,non Fusngn and Pericentric

Pericentric Inversion Inversion

Robertsonian altsrations, Pericentric : .

9.' barca inversion and Polyé_l_gi;dy E Q.Elema“s

~~~~~~~ — e e

3g—-22— 7 76—-68-84

54) @ e o __[76-68-84]

Centrometric terminglization and Fusion

Robertsonian Fusion

C. striatus

40-26-%4) . Primitive
Robertsonian Fusion and karyotype
Pericentric inversion {48 acrocentrics)
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Dus to the existance of morpholoqical plasticity among
individuals, conventional morphological characters are often
Paund to be insufficient to give the exact data to resolve species
problem. On éuoh'casas, biochemical and physiological approachsas
are found to be potentially more useful adjustment to the convene

- tional texonomic criteria.

The exploitation of bischamical events in terms of taxonomy
mainly depends upon the pressnce of onormous specificity of macro=-
molecules and metabolic procasses at svery taxcnomic level which
are basically same in the lowest'and'highast organisms. Morsover,
numerous fundamantal questions concerning the specieseatructure
and procoss of spesciation ssem capable of being answsred by stud=

ies concentrated at the moiscular leval,

Differences in tha ﬁdfphelogical Paatures between and
within g species are grsatiy influsnced by differant environmantal
Pactors (Barlow 1961). It is therafore, presumed that such phano=-
typic differsnces may bs reflected in their physiological and
biochemical processes. The sequential svents of biochemical changes
have been found to bs controlled by differentisl activity of
appropriate genes.'Through'the:process of genetic transcription and
translation, risw proteins mith specific genstic information from
DNA molecule areysyﬁthssized, These new proteins are eithsr
structural pratéiﬂs-or ?unctioqal proteins. The functional proteins
are nothing bdtvenzymsag In ather wﬁrds, it can be said that enzymas
being proteins, are the products of genes. So alteration in ths
enzyﬁe actiuity‘indicates the alteration of the activity of

cérresponding géna (Markert and Ursprung 1974).
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It is wsll establishaed that the matabolic pathways are
multisteps processes, osach step is catalysed by a particular
functional protein orienzyméb'lt has beon further observed that
gach cell typs and tissus, contributing to a specific organ,
contains a specific set of anzymes. The presence of a specific
anzyme (i.s. functional protein) in a perticular organ of an
organism enables the organ to perform a spscific function. Thus,
it is expectad that the morphological adaptations to environmental
fluctuations are clossly relatgd to the biochemical adaptations
through changes in the Functiona; proteins. It has bsen obserued
that the ralationships bétwaanAcertain snzyme and morphological
di??erentiatiph ig so close that often the appesarance or disappear-
ance of a specific enzyme is considsred as a 'biochemical marker'

(Scholl and Anders 1973, Brody gt ale. 1976, Reinitz 1977).

Tha variation in tho primary structure of proteins, leading
to the surface changs can bo detescted by electrophorssis and this
tochnique has been found to be useful in studying problems invole
ving di??erant‘taxonamic ranks Prom relationships beatwsen orders to
rolationship bet@aed species. In this aspscts, 'Polyacrylamide gal
electrophorssis (PAGE)® is found to be more advantagesous than other
existing electrophoretic techniquses as it gives g better resclution?
of separated proteins andf%ggt aconomic a8 wall as easy to cerry
out. The study of olectrophorotic pattern of eﬁzymas and other
proteins reveal the overall genic variation and can be used to
examine the gonetic relationship betwsen two or more forms. Morsover,
alectrophoresis is capable of revealing a largs portion of allelic
variation a£ a épéci?ic locus, making it possible to calculate ths
froguancy of apecific allelss in different populations (Case ot gl.
1975) . ‘
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Studies on proteins with refersnce to fish groups arse so
gnOTMous thét any attempt to review all the literatures uwill
always romain inédequata. Homgye:, it may be noted that a nsgli-
gible percentags of thése‘wnrks has been doavotod to taxonomic
prpblems (B'Rourka 1974)¢ A very comprehensive review is presanted
| hate which could be taskaen as a_iepxesentativa one, mastly dealing
with ihvéstigatibns oﬁ tissue aﬁd aarum protains, esterases and
lactate dshydrogenase (LDH) with particular reference to the
gensatics and systematica‘of the fish concernad. Though the first
attempt on such investigstion can be dated back to Nuttal's (1904)
work on comparatﬁye serological study on certaln Pish spacies, the
noxt fifty years'élmost drow a blank until Connall (1953) reported
the pattern of the skelstal muscls proteins of codling by slsctro~
phoratic tachnique. Lillevik and Schelomsr (1961) have studied the
spacies diffarentiation in fish by electroghuretic»analysis of
sksletal muscle chteinsq Backe (1964) has reviewsd the variations
found in fish gsorum protsins in relation to spacies specificity,
phylogeny and environmental conditions. Sanderz (1964) has slsctroe
phoretically investigated the serum proteins in three trout spsciles
and thair hybrids within the Pamily Salmonidas. Markert and
Faulhaber (1965) have investigated the lactats dehydrogenase iso-
"gnzyns patterns in 30 fish species and obsesrved that all these
apocies have one major isosnzyme system with two minor omes (in
aye and gonad) and on the bagsis of this they qrouped these Pishas
into four categoriss. Nyman (1965, 1966) has investigated the
spacios gpecific proteins in fishes along with intra= and intere- .
spocific variations found in them and suggested their ussfulness

in biochemical systematics. Shaw (1965) has reviewsd the variations
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found in differant enzyme Sysfams through electréphoretic teche
nique and commanted on theif,gignificanceAin biological seisncas
and rossarch. Hyman (1967) hasTfQVISwsd the pretein variation
found in salmonidas. Tauyuki gﬁ;g;o (1968) have studied the cone

tribution of protein electrophoresis to rockfish systematics.

Chen and Tsuyuki (1970) has investigated tho protsin sloce

tropherograms of Tilepia mossambica and T. melanopteura. Clayton

and Franzin (1970) have studisd the muscle lactate dehydrogenass

isoenzymes of léke whitefish (Goreggnus clquaformis) which

providad an adﬂitional evidencé for the probable tetraploid nature
of salmonid fishas. Polymorphisms of lactaté dehydrogenase and
glyecsrol 3«phosphats dahydrogenasé isoenzymas in mergim populations
Pfrom English channsl and approaqhas, have been studied by Dando

(1970)« Holmes and Whitt (1970) have investigated the sstorase

isosnzymes of Fundulus heté;6§litus during developmental stages.
Lindsay g&,g£‘ (19708) have invostigated ths prassnce of protein
variations in differant sympatric populations of Coreqonus,
clugaa?nrmaé and described ths poSsibility of spasciation under
saelective pressures Interspecific differentiations of serum proe
teins in tha blood of black sea fish (mullet) have been investigated
by Sonkevich and Kulikova (1970). The pressnce of LDH E4 isosnzyme
in addition to the usual A, and B, isoenzymss in Xiphophorus helleri

eye have been studied by Whitt and Booth (1970) and it has bsen
suggestad thet probably it plays an important role in the biochemie

stry of vision.

‘Dando (1971) has studied the lactate dehydrogenass polymore
phism in Platfish (Hoterostomata) whers specles-specific isoenzymes

wsrs dotocted in hgart and muscle extracts, with individual
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variations in certain species. Adaptive lactats dehydrogenase

variations in the geoqgraphic populations of tha crasted Blenny

Anoplarchus have been reported by Johnson (1971) .

Vrdi jenhosk (1972) has reﬁealad genatic relationship of
hybrids to thair progenitors uaing‘LDH isoenzymes as gane markars
in 9qeci1102519¢ The prasance aof mono and polymorphic protein loci
in thg population eof tetrapihid~salmon apecies Uncorhynchus keta
has basn reported by Altukhov gt al. (1972). The occurrence of
centric fusion and trisomy for the LOH«B locus in brown trout

Salvelinus Pontinalis have been studied by Davisson gt gal. (1972)9

Thirtyons species from the family Scorpasenidae have bsen slectroe
phoretically investigated for six enzyme systems by Johnson gt al.
{1972) which cbuld be used as chemotaxonomic parameters. Ths bioche-
mical genstics of tha atlantic saslmon Jglmo salar have been discus-
soed from tha point o?-signi?icance in population identifications.

Baron (1973) has investigated the sarum proteins in
Sardinalla urit‘, Davisson at al. (1973) have analysed tho psoue
dolinkage of LDH loci in the tsleost genus Salvelinus by doing
repsated hybridization at inter specific leuel‘ Genetic polymor=

phisms of LDH isganzymss in the carp Cyprinus carpic hsve heen

studied by Engel ot al. (1973) » Hamoir ot al. (1973) have discussed

the muscle protein pattorns of coslocanth Latimaria chalummae.

Johnson et al. (1973) have imvestinated the genstic polymorphisms
and heterozygosity in three speacies of rock fish genus Sgbastes.
Kirpichnikov {1973) has investigated the biochemical polymorphism
and micruéQolutinn in fishes. Scholl and Anders (1973) have invese

tigated ths slectrophoretic variations of enzyme proteins in
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platyfish and Cswordetails (Paeciliidas). Scholl (1973) has
compared a randomly selected sample of loci (including thoss for
LDH) in Xiphophorine spscies to comment on the extent of biochas=-

mical evolution in this fish gan&s. Truvsller gt gl. (1973) have

studied the proteins in herring Clupsa harenqgus by slectrophoretic
methods. Whitt ot al. (1973) have studied the developmental and

biochemical genotics of lactate dshydrogenase isoanzymes in fish.

" O'Rourks (1974) has extensively reviewsd the biochemical
and immunological inuastigationa dons on Pish groups and discussed
their implications as taxonamical tools. Truvellasr gt al. (1974) X
have investigatsd the distribution of esterases in Cyprinus cgtgio‘
by using polyacrylamide gsl electrophorssis. Tsal and Yang (1974)
~ have studisd the serum and nuscls proteins of Blennioid fishes
from Talwan. Yonada and Ishihaké {1974) have studisd the blood

serum proteins Brom Chum salmonjoncorhynchua keta and cherry salmon

0. magoy by using disc elsctrophoresis.

Basasibwaki (1975) has compared the electrophoretic patterns
of lactate dehydroqgenase and malate dehydrogenaée isoenzymes in
five laka-vicﬁoria cichilid apaciesalBéstos ot al. (1975) have
inﬁestigated the electrophoretic patterns of muscle proteins of
the fish genus Lutfanus. Noira'ﬁester and Tesio (1975) have studiad
cortain Blennidas elactrophorstically with spécial consideration

to aystematiQSQ, .

Allendorf gt gl. (1976) have studied the genetic variation
in Scandinavian brown trout Salmp trutta and found distinct sympae-
tric populations among them. Brassington and Farquson (1976) hada

astudiad the LDH and gsterase enzyme systems in roach and rudd and
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in their natural hybrids and investigated their utility in stock
identification. Brody gt al. (1976) have described the genstic
control of threes protein markaers in carp populations and their
implication in brea&idgmhaVQ?Béén discussad. Champion and Whitt
(1976) have invsstigated the different gene expression in multi-
locus isosnzymes of the developing green sunfish. Dzhabarov (1978)
has performed an aledtrophoéétic study of the blood serum proteins

of Chalealburmes chalcoides and Luciopsrca lucioperca. Moav gt als

(1976) have discussed the advantages and methods for application

of electrophoretic genatic markers to Pish braeding. Reshstnikov

(1976) has discussed the slactrophoretic mathod and its applica=

tionas to systematize the ?ish qroup Salmonidaze. Yardley and Hubbs
(1976) have electrophoretically investigated two spacies of

Mosquito fish with notas on genaﬁig subdivision.

Ahuja gt al. (1977) have investigated the tissue specific

osterases in the Xiphophorin fish Platyposcilus maculatus,

Xiphophorus héliari and their hybrids. Alexander (1977) has studisd

the proteinAcOncentration in the serum of the Atlantic salmon from
Northwsst England and forthesn Ireland. Allendarf gt al. (1977)
have detacbad‘ﬁha isoenzyms loci in brouwn trout and discussed the
findings from pepulation lavels. Child (1977) has studied the bioa
chemical polymorphiam in chare Franzin and Clayton {1977) have -
studiad different gnzyme systems in various geographic populations

of Oncerhynchua clqpea?ormas end discussed the auolut1onaty patterns

of spaciation. Assnciation of allosnzymas and tenperature in

crosted Blenny Anoplarchua purpurescens has besn invsstigated by

Johnaon (1977). Leslie and Vrijenhack (1977) have analyiad the

- natural populatibns of Poaciliopses monacha with reference to
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alloenzyme inheritance and patterns of mating. Markert (1977) has
raviewsd the applications of i{soenzyme atudies in biological and
medical research. Manzel (1977) has worked out on morphological
 and electrophoretic identifications of a hybrid cyprinid fish-
(Notropis cerasinus X ﬂ,g,vconﬁutus) with 2 discussion on implica-
tions of the study on eveolution of Notropis albeolus. Reinitz
(1977a) has investigated the inheritance of muscle and liver types

of supernatant NADP depondent 1socitrate dehydrogenase in rainbow

trout Salma-ggirdqari along with a test for association of transe
Porring; and lactate dshydrogenase phenotypes with wsight gain. He
(1977by,c) has also studied thirtcen protein systems in rainbouw
trout and cutthroat trout and their hybrids and found that only
phoaph&glucose iéamarasa could bs used for tha distinction of the
two spacies studied. Valents gt ale (1977) have investigated the
genetic polymorphisms and isoenzyme patterns of lactate dehydroge-=

nass in tench (Tinca tinca), crucian carp (Carassius carassius)

and common carp (Cyprinus 6arpio).

Brauﬁé'(197&) has studiad the immunological propsrties of
lactate dehydrogenass isosnzyma in trout. Buth and Burr (1978)
have investigated the isoeniyma_uariability in the cyprinid genus

Compostomas Cross (1978) hés investigated four iscenzymes in tisse

ues of interspascific hybtids of the Pish family Cyprinidas. Herzberg
(1978) has studied sosterase patterns of the surface mucous of o
Tilapis speciss and suggested their implications in identification.
Kimurs (1978@) haé inuestigatad the protein polyﬁorphiam and gadec
tic variationlinltha populations of the loach Lobitis dalicatg.

- Elsctrophoretic variations of enzymatic and nonsnzymatic proteins

were also investigated in sight populations of Misgurnus
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(anqiollecaudatus by him (1978b) from the paint’o? protein poly-
morphism and gsographlc:variations. Nefadov st al. (1978) has
investigated the mdsdla*esta;asé polymorphism in horse mackeral

of ths Northsast Atlantic. Paulov and Hensel (1978) has described
thse protein spectra in tha skin, swimebladder and ssrum of fow
members of cyprinid fishes. The geneotic basis af pratein (LOH,
MDH, GPI and PGM anzyme systems) polymorphisms in Fundulus
hetezoclitus have besen investigsted by Place and Powar (1978).
Ribeiro and Toledo (1978) have‘studied the lactate dehydrogsnase
igsoenzyme in neotropical fishes. Genstic variability of proteins
in six spscies belonging to diploid and tstraploid forms from the
order Ssglmoniformes has beon iﬁvestigatad for different populations
by Salmenkova and Omelchenko (1978). Shami and Bearbmore (1978)
have studied tha éd;yma variatipn found in the quppy Poecilig

| getigqlgtg. A biochemical mathﬁd basing on snzyme variability has
besn 9uggastgd by Sidell gg_ggp (1978) to distinguish stripsd bass
and white perchllar&ae. Tadiguchi and Tashima (1978) hove studied
the genstic uaxiaﬁion of livér,esterases in rédesaa breasm. Valanta
(1978) has 1nﬁé§tigatad the polynérphiam of A; B and C loci of
lactata dshydtOQBnase isoenzyme in European fish species bslonging
to tmantyons gsnera of Cyprinnidas. Wiseman gt al. (1978) has glvan'
an slactrophorstic svidence ?or subspacific differentiation and

intorgradation in Eﬁheostoma spectabilae.

Diebig ot al. (1979) have investxgated the biochemical polye
morphism in muscle and livar extracts and in ths serum of tha i

- rainbow trout Salmo gairdneri. Brody gt ale. (1979) have conparsd

the Chinasse and Europsan races of common carp by studying thittya

throe iscenzyme loci+ Buth (1979a,b,c) has investigated thakisoeﬁzyme
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variability in a numbsr of Cyptini?ormas Pishes with reference

to the genstics and biochamical systematics. Fujio and Kato (1979)
have carrisd out starch gel alectrophoraais for fifteen enzymes in
'41 apeciss and discussed the genetic variations found in different
populations. Hadfield gt al. (1979) have studied the clinsl varias
tion in eolactrophoretic and morphological characters betwsen two

nominal spaciss of the genus Psaudomugila Kijima and Fujio (1979)

have investigated the gsographical distribution of IDH and LDH
isdenzymes in chum salmon populations. Klar and Statnaksr (1979)
have investigated the variation found in muscle lactate dshydroge-
nass in snake valley cutthroat trout Salmo glarki subspeciss.
Kornfield st al. (1979)-haue studied thas biochemical and cytological
differences found in cich? ilid fishes of the sea of Galilas. Fish
species ldontification by using thin laysar isoslectric fPocussing

has baen aenumarated by Lundstrom (1979)¢ Morizot and Siciliano 4
(1979) have studied the‘polymorphisms, linkage and mapping of four
enzyms loci in the Fish ganus Xiphophorus. Nagai and Sadaaki (1979)

have distidguished the Japaﬂaae, American and Europsanesl by studys
ing the isoenzyme patterns in them. Philipp gt als (1979) have
‘ investigated 33 loci of enzymes and isosnzymes Por two closely

related species of fieh Microptorus salmoidas salmoides and M.

dolomieni and}compared the evalutionary pattarn of differential

goens expreseion. Lopas at g_. (1979) have given a phylogenstic in-
terpretatlan of chremosomal and slectrophoretic data: obtainsd F:om
Columbi?ﬂrmeso Sassaman and Yoshiyama (1979) investigatad the geo~

graphic variation oF lactate dehydrogenass isoenzymes in

Anaplurchus g_;pthScans. Starmach (1979) has done elsctrophoratic

separation of blpod sorum lactate dshydroganasss,transferrin and
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asterases on polyacrylomidse gel in seven carp breed lines. Enzyms
polymorphiams in carp ngrinus carpio of Rupsha bresd have been
discugsed from genstic point of visw by Tiit\(1979) Polymorphic

proteins in carps (C. c'ggioz and in tinch (Ti ca tinea) havs

been investigated by Valanta at al. (1979). ‘\\

Busack et al. (1980) have investigated the E;Ele lake trout:
-morphologically, cytologically and biochemically and hypb;pesized
that Eagle lake trout has dgiginated from rainbesw trout, eiyher
by immigration or introduction of the latter ts that partic&l@f:

locality. Tetiraploid catostomid. genus Hypentelium has bsen sub jece

ted to electrophoretic analyéis of about 40 pressumptivs isosnzyms
loci by Buth (1980) mho'diacdésad the findings from the. point of
avolution and hrovided~a bioéﬁemicél,key for identification. Buth
st al. (1980) havpvinvestigatad}ZB presumptive enzyme loci in ten
populations of the percid sube-genus Micropesrca and discussed their
relationships and differénces among all the members of the sub?
genus. Comparini and Robino (1980) have reported ths existences of

two species of Anguilla loptocaphali as confirmed by electrophoretic

studies. Studiea on isoenzyme patterns in armoured catfishes by
Dunham gt gl. (1980) have shown the levels of duplicate gaone
sxpression in them. Ferris and whitt (1980) have studisd the genstic
variability in specieos with extensive gene duplication in tsetraploid
catostomid fishes. Fiacher gt gls (1980) have enumarated the svolu=
tion of fiva nmultiple iscenzyme systems in chordates. Grant gt al.
(1980) have used biochemical genetic variants for identification of

sokhoye salmon Oncorhynchus norks stock in cook inlet, Alaska.

Grant and Utter (1980) have studied the tissue enzyme variations

in Therana chalcogramma from the point of population structure and
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stock idantiFicatlona'Tutnéf gt ale (1980a) have invséstigated
differential ‘gane duplication in a Maxican fish (gehus SkiPfia)e
Sakaizumi gt al. (1980) héﬁe'described'the alloenzyme variation
irn wild populations of the fish Oryziass latipess Evolutionary
genetics of a gynogenetic Pish Poscilia formosa hubé been studied
elactrophoretically by Turner gt al. (1980b). Winans (1980) has -
- studied the geogéapﬁig variation in tﬁe milkefish Chanos chanos

with bioahamicai svidences.

‘Reuiew~o?'literature’reveals that works on biochemical
genetics of Indian fishes ars very scanty in comparisons to the
works dons in the rest of the world. Howaﬁer,'Chandrasekhar’(1959)
has studied the blood proteins of five Indian carps belonging to
the family Cyprinidase Das (1961) has investigated the blood bio-
chemisﬁry for-tﬁrae Indiah éarp897A comparstive study on the
tissue proteins of soms catfishes has bsen carrisd out by Hussain
and Siddique (1974).'Meﬁezes;(1975) has investigated the aye lens

and serum proteins of Sardinella sardinella longiceps by using

slectrophoretic techniquas. Krishnaja and Rege (1977, 1979) have
made slactrophorstic studies on the genetics of two species of

Indian carp and their fertile hybrids. Basu gt al+ (1981) have

studied the egg proteins in Notopterus notopterus and Mystus
vittatus. Dhar and Chatterjee (1982) have made slectrophoretic

investigations on the protein variations in two Channa spsecies.

It is amply clear from the foresgoing reviesw that although
the Pish fauna is very rich in India, not a very large number of
speciaa/ganus/family has been sub jected to biochemical investiga=

tions on taxonomic problems. The main purposs of this study is to
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doterming the amount'o? variation within and between the diff-
erent Channa species.so.as to unravel their relationship. Sub-
sequently, we héve used slectrophoretic estimates of soluble

proteins, astsrésas and LOH enzymes as an 1ndapéndent tool for
dotermining the ganstic chargctaristice of the various members

under this wide-ranging genus.



2. MATERIALS AND METHODS
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2.1« The Fishes!

In the present investigationy, five species of Channa, viz.

‘C. strigtus, Co barca, C. punctata, C. stowartii and C. oriaentalis
havs beon employad. The fishes were collected from and around
ﬁauhati (Assam) and Shillongv(ﬂeghalaya)a To avoid ontogenic proe
blems, fishes were collectsd during the same gsogson and from almost
_the same anvironment. Only the adult fishes were used for the study.
Fishes wers brought to ths 1aboratory in live condition and accli=
matized in a well asrated aquarium for aﬁleast seven days, and then

sub jected to investigations.

242+ Polyacrylamide=Gal Elactraphoresié&
Polyacrylamide gel elactrophotssis of serum, soluble tissue
: proteins and two enzymo systems viz. Esterases and LDH of the
: different fish species was parformed according to Davis (1964)

with suitable modifications whenever necessarye

242015 Preparatioﬁ of tissus homogenates:

The diffeorent tissues employed wers brain, heart, liver,
kidney, muscle and sye basides the blood sarum. Tissue homogenates
‘were preparad as follows! as 5aon es the fishss werse sacrificed,
the particular tissues ware immediately removed from the animal and
placad in a cold isotonic aoluﬁion, (NaCL, N.15M). After a couple
of minutes, the tissue: was bldtted,and weighed accurately énd
placed in a glass homogenizar, containing measured volums of cold
homogenization madium (0.25M Sucross solution). The tissus were
homogesnized carefully in the medium keeping the tubes in cold ico-
mass 8o that no denaturation occurs. Gensrally 10%, 5% or 2.5%.

homogenates weore prepared depending on ths maximum weight of the

tissue takene.
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24242+ Thae Extractiong

Thg structural elsments wers removed from the homogsnataes
by differaential cant:ifugatipne Tissue extracts were obtained by
" centrifuging the homogenatas at'15,ﬁ00 x g for 15 minutas at 4°C.
The resulting clsar supernatant contained the soluble protein.
Tha residue was discarded. The clear suparnatant was sub jected

Por further analysis.

For aeparation of se}um, blood sampless ware collectad in
clean glass centrifugs tubes aftsr cutting the caudal rsgion of the
fish and allowsd to stand for one hour at arocund 37°C for clotting.
The samples were then centrifugsd at 2,500 rpm. for 15 minutes. The
clear sera, thus obtained wsre used for subsequant analysis

(Chandrasskhar 1959).

242430 Eloctrophorasis:

wWhan particles of effective ’c_harge (Q) is forced to migrate
in a viscous medium (liquid or gel) by action of an slsctric field
(potential gradient, E.), the phsnbmenon is generally called as
€loctrophoresis (Maurer 1971). Tha driving Porce which acts upon
the particle migrating with constant velocity is squal to the frice
tional resistanee (f) which ths particle must overcome in the
madium, i.0. B

- GE = f
The electrophoretic mobility of a particle is definsd as

o o= d. v - = ( i Cm ‘
" i B g ( wrex 555 ) L

where 'd' is the migration distance of the particle in time 't°'.

V is tha velocity and '"F' is the frictional resistancs.
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In disc electrophoresis, a discontinuous separating system
i3 used with reqards to pH Value,‘bu?Fer composition and gel porg-

“gize in which Poiyactylamide gel serves as the metrix.

Disc élaétrophoiesia ié carrisd out with small calumﬁe of
polyacrylamide gél consisting of three layers, in suitabie contai-
nor like cylindticalttubea. The thréa layers are= (i) a large pors
spacer or staking gel, (ii) a small pore separation or running gel
in which tha sample constitusnts are separated and (iii) a large
pors sample gel containing ths samplé solution. E£lectrophoresis is
performed with a vertical column-oF‘gels attachad to two different
reservoirs= sample gsl uppefmoat;.attechsd to an upper ressrvoir
and thes lowar end submergesd in the buffer solution of the lowsr
reservoir. Eleoctrodes are placed in sach reservoir and polarity is
sat so that the samﬁla ions migrate towards the small pore goele. A
voltage is applied for s spacific tiﬁe. The gel is then removed
from the container and placed for a pasriod of time i; a gsolution of
protein Pixative and stained. uthund:dya is rembvad From‘tha gel
albwiy by washing in 7% acetic acid and then the gel is preserved

in a suitable solution.

224341 Roggents?
, : ave
.Stock solutions : Thess solutions/stored in brmoum bottles

in 3 rofrigerator asnd their shelf life are upto ssveral months,

Stock A (pH 849) 1N.HCL : 48 ml
Tris (hydroxymethyl)
mathylamine $ 3646 gm-
No Ny Ny N = Tetramsthyle
Ethylinadianine 3 0.23 ml

" (TEMED)

The volume is mads
upto 100 ml. with
distilled waters

L X 12 2T b T2 2 ]
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Stock B (pH 6.7) 1N.HCL 48 ml | The volums is mads

$
TRIS : 5.98 gm upto 100 m1 with
TEMED ¢ 0.46 ml . | distilled water.
Stock C Actylamide $ 30 gm The volume is.made
NN=-Mathylengbis=- upto 100 ml with
acrylamide (©15) : 0.8 gm distilled wator.
Stock D Acrylamide ¢ 10 gnm ! The volume is made

! upto 100 ml with

813 | 3245 g { distilled water.
Stock £ Riboflavin : 4.0 mg

Watar (dist.) @ 100 ml
Stock F Sucrose 40 om

oD as

Water (dist.) Volume is made upto 100 ml

with distilled watsr.

Stock ﬁ Ammonium Pare
sulphate $ 0.14 om

Water (dist.) Volume is made upto 100 ml
‘ with distille¢ wator.

=0

1M+ Stock Buffer Solution (pH 8.3) TRIS. .: 6 gm

Glycine : 28.8 gm
For ressrvoirs, a 10% strength is Water : Volume is made
usedy; out of this stock solutions upto 1008 ml
‘ ' with distilled
water.

Washing solution for destaining Acetic.
and storings Acid

Water

70 ml

Volume is made
upte 1000 ml
with distilled
water (7% Sol.).

[ 2K}

Fixative Stain Solution (for protein) : 1% Coomassie
8rilliant blus of 0.5% Amino Black is prapared
in 7% Acetic Acid Solution.
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Sometimes 12% TCA was used as protein fixative prior to the
staining and 1% Bromophenol blue was also used as indicator

solutione

242.342. Equipments used:

Tha sizae of ﬁhe‘cylindrical.gal tubes used were about 10 cm.
in length with anrinﬁar diamster of 5 mme. These tubes wers fixed
vartically in tﬁe elactrophoresis running chamber, consisting
primarily of upper and lomér'chamber.and with platinum electrodes
in each chambers The ubpar and lower‘chambers wers the buffer
reservoirs. Arrangaments werse thsre to'hold the gsl tubes vertically
in the uppsr reservoir and to make é_link with the lowar reservoir.
Ths additioﬁal equipments comprise of elactrodes, cables and a
powar supply (Syatronic 604), gel tpbs racks fot loading, rubbser
cagps for closing one and of the géi tube and polymerizing lamps,

needle and syringe, test-tubes etc.

242+3s3. Gal Systems and their composition:
1. Separation Gel System 2 It was prepared always just
before uss by mixing the stock solution in the following propore

tions (mixing ratio V/V) :

Stock A . -~ 1 part

Staock C = 2 parts
) Wator (dist.) = 1 part

Stock G « 4 parts

2+ Spacoar Gel System ¢ It was prepared by mixing the stock

solutions in the following proportions just before use as follows:

Stock B 2 1 part
Stock D = 2 parts
Stock E ' « 1 part

Stoeck F - 4 parts
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2.2+344+ Procoadurs: ‘

About 1 mle to 1.5 mle (upto‘7 cme in langth of the gel
tubss) of the soparation gel system.was poured into the gel tubss
which were capped at the bottom. Caré wés taken not to form any
air bubble in the gel columnes A fow drops of distilled water ware
carsfully layared above the separation gel system to provids a
plain gel surface. The gesl tubes wesre then left undisturbed for
about 2-3 hours at room temperaturs for polymerization of the
saparation gal.systsm; After polymerization; the water from the
top of ths gsl column were removed carefully and about 0.2 ml. of
the spacer gsl system was poured carefully into thes gel tubes
(about 1 cme length of the gel tubs was covered)e. A few drops of
water ware again laya#ed‘above this gel system and the gel tubes (

were left unde;‘?Lourescenca light for 30=45 minutes to polymerize.

The gal tubes wsre then fixed vertically as described by

Davis (1964) in the disc eiectrophurasis chamber. The unpsr and
lowar chambets of the apparatus mera Pifled with 1M Tris-Glycine
buffer (pH 8.3). About 0.1 ml. of tﬁé test solution was directly
poured over the epacer‘gel system after removing the water layer.
Thg remaining vacant part of the geletubs was filled with the
buffery used for the chambers « Thed both the upper and lowsr chame
bers wore filled with buffer completaly. One dfnps of 1% Bromophanol
" blue indicétOr solution was mixed in the upper buffer chamber. After
all these preparations, the spparatus was placed at 4-5°C (inside
a refrigerator) and the two electrodes wsre connected with the
olectrophoresis power supply. A current strength of 1.5 mA/gel~
.tube was passed throﬁgh for a period of 10 minutes. Than the current

strength was raised upto 3 mA/gal=tube. When the bromophenol blue
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indicator ring had reachad ths bottom of ths gel-tuba, the current
supply was stopped and the geletubes wers removed from the upper

chamber. With the help of a long needle and watsr forcs, the gels
from tha gel-tubss were removed caréfdlhy and immgdiately sub jecs

téd to different treatments to obtain differsnt banding patterns.

242440 Visualization of serum and soluble tissus proteins:

' Far protein bands, the gels Qére immediately transferred to
12% TCA solution and kept'thara Fo:_about half an hour Por protein
Pikatione Then these were removed to staining solutions (Amido
Bleck or Coomassie brilliant blue) and allowsd to stand for about
15-20 minutes, depending upon the concentratiaon of the staining
solutions. After removing from the stain, gels wsre washed in dise
tilled water and stored in 7% Acetic ecid solution for destaining.
By chanfiing the acetic acid solution for several tiﬁes (until the
bands bacama'clear), destaining was performed and then they were

atored in 7% acstic scid solution parmansntly.

The visible bands were counted and categorised as dark,
madium andllighﬁ bands depénding upﬁn,tha intensity of the staining.
Electrophorgtic mobility or RF values wars determined €0t‘each
bands. Photographs were taken and banding pattsrns and gels uwere

drawn for diagrammatic representation. Numbering of the bands for
protein is done from cathods to anods (Nu. ﬁ being the 1éast mige
rated band). But for ostoerases, it is dons just in reverse way,
the Parthest migrateﬁiband {towards anode) is designatsd as band

numbar one. In case of LOH, it is same as estsrases.

 2+2.5, Sepapation of Isoenzymss:

Since iaoanzymes of an enzyme system ars pfotain of the same
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configuration but with slight differences in ths molscular wsight
and slectrophoratic mobility, the above mentionsd separation
techniqus can be used for thair detection. In this cass, the gels
were troated with specific stain mixtutes for specific snzyme
system with incqbation period. Hom@ve:, in csrtain steps, certain
modifications were made to get proper bands. Fixation was dons

with 7% Acetic Acid Solution.

A« Lactate dehydrogenase (LDH)

For lactats dehydrogsnase isoenzyms study, ths above manti-
onad technique was used for ssparations Only instead of indicator
solution, the running time (about 2 hours) was considered. The

staining solution was prepared (Forlé geletubgs) as follows t=

19 Tris=HCL (pH 8.0) : e 2.5 ml.
18 Lithium lactate Std. Solution « 045 mle
NAD (BeNicotinamida adenine dinuclsotids) - 80 mg.
PMS (Phenazine methosulphate) - 1.2 nge
MBT {p=Nitroblue tetrazolium chlorids) - B.0 mg.

Then the whole mixture was diluted with distilled water and
the volums was mads upto 50 ml. APter the running, the gels were
directly placed in the above solution mixturs and then incubated

at 37°C fPor 15 minutes. LDH bands wsre violst in colour.

Be. Estorasas®

In the case of ssterases also the same technigue was used,
only the gel running tums was sbout 90 minutes. Esterases were
studisad by using o«=napthylacetate as -the substrate. The stalning

solution was preparad (Por 6 geletubes) as follows :i-
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Substrate = 0.5 gwme of <=napthylacetste
25 mle. of Acaetone
25 mle. of Water (distilled)

Solutions = 50 mg. Fast Blue R R aalt
2.5 mls of 1M Tris<HCL Solution {pH 7.0)
15 mle of Substrate

In the above mixture, distilled water was addsd and the
volume was raised to 50 ml. After placing the gels in this staining
solution, they were incubated at 37°C for about 15 minutes. The

esterasss bands appeared as brickish eolour rihgs;

The numbsr of bands for both the cases wers determined and
the electrophorotic mobility for sach band was calculated out and

studisd properly. Photographs were taken and diagrams were also mads.

242460 Inhibition studies of Isoenzymaes:
Both Lactate deohydrogenase isognzymes and Esterases were
sub jectad to diffPerent inhibition studies, using a number of

inhibi;nr. The different inhibitors used were as follows &~

For LDOH = (1) Heating upto 55%«45°C

For Esterases (1) Eserins sulphats = 10°°M to 10™%M Soln.
- (1i) Diisopropylfluorophosphate = 107> to 10°°M

(111) Cupric Sdlphats‘- 10”4 Solution
{iv) Ures = 10M Solution

(&

Procedurst (1) During inhibition studiss, the gsls wore allomsd to
stand in tha usual staining buffer which also containad the inhibie
tor with ths required strength at room temperature for about 30
minutese In case of LOH, gels were dirsctly incubated st 37°C for

15 minutes.
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For estorases, after the Finst atepy, the gels were stained
by the usualiprocedufa, only the stain containsd the substrats
whiéh was no%‘applied in the firpst step. Incubstion time was 15
minutaes at 379C. |

For haat inactivation, the axtracts were placsd in tast
tubes and subjected to heating as mentioned for an hour or so.
Then thay were cooled, cantrifuged and subjécted to elesctrophora-

asis and Pinally staining wés dono as usual.

These gels ware sub jected to densitometric analysis with a

_spectrophotomster (Bsckman) for oxact corrslation of the bands.

2.3. Quantitative Estimation’o?:Proteins:

| 'Quantitatiﬂe‘estimation of prctein is nscessary so that a
known amount o? protein can be loadod from the aample of diffarent
tissuss for eloctrophoresis. Pr&tein was determinad according to

the procedure.of Lowry at gl. (1951).

.Principles Proteins when resct with Folin Ciocalteau
(Phenol) reagant, form a blue colour, tha intensity of which at 750
nme ia proportional to the amount of proteins prssent in a sample.
The final colour reactions ars the 5i-uret raaction oF‘phoSphomyl-
ybdgtie phosphotﬁngstic‘raagant by tyrosine and tryptophan pressnt
in the treated protein. |

e

'Raagents § Stock A 2 1% CuSD4 solution
2% KeNa=tartrate

2% NayCOy in D.1N.NaOH.

Stack B

-8

.9

Stock C

0.5 ml of the stock A was mixed with 0.5 ml of Stock B and
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the volume was made upto 50 ml. wiﬁh stock C, Just bafore use
and this was troatad as alkaline solution. FolineCiocalteau
reagent was preparsed by diluting this with equal amount of
distilled watsr just be?dre use (thgévmads it 1N in acid).

P:océduééi'§7ml of alkaline solution was added to 1.mla
of test aclutione Thay wsre mixed thoroughly and allouwsd to |
étand at roam>temp§rature for 10 miﬁutas; D+5 ml. of distilled
FeCereagant was added rapidly with immadiate mixing. After 30
minutes, read the extinction against appropriate blank at 750
nm. in a spectrophotometer (Backman). Protein concentration was
determined after preparing a standard curve, using Bovins serum

albumene.

fFor convenionce, during experimsnt at least threes amounts
of sample with different dilutions wsre used. Thase are as

follows i=

042 mle. of sample diluted with 0.3 ml. of dist. water.
0.1 ml. of sample diluted with 0.4 ml. of dist. water.
0.01mle of sample diluted with 0.49 ml. of dist. watere.



3. RESULTS
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3e1e Cytoplasmic solubls proteins:

3.1.1. Channa stristus 3

The totel numbar of bands in brain, heart, liver, kidney,
muscle, aye and saprum sxtfacts have been found to be 7, 11, 9, 10,
10, 14 and 13 respactively (Fige.i: Plate 1). In brain, band numbers
2 and 6 have bsen Pound to he dark, band number 4 is medium and the
rast are found to be light in staining intensity: in hsart, band
numbers 1, 2, 3 and 6 are Pound to bs as dark bands while ths rast
could he cateqorised under light bands. In liver also, only two
catagoriss of bands have been observed, band numbsrs 5 and 6 as
| dark bands, while the rest are light bands. 3imilarly in kidney,
band numbers 3 and 6 have been found to be comparatively darker
than the rast of ths bands. In muscle, most of the bands wsre cate-
gorised as dark bands except band numbers 2, 4, 7 and 9. In eye,
band numbeors 3, 7 and 10 are categorissed as dark bands and the rest
are of light category. In sarum, except band numbers 5, 6, 11 and
13, all ths visihle bands are categorised as dark bandse It has besn
obsarved that though certain tissues exhibited equal numbsrs of
bands, the distribution and patterns have hesn found to be distinct
from sach others On the other hand, cartain bands in different
tissues have shown similar mobilities. Such bands are conaidered

as homologous bands (Fige 1)e

3+41.2+ Channa bareg 3

The total numbsr of solubls protein bands in brain; heart,
liver; kidnsy, sys, muscle and sorum sxtracts have besen represented
by 12, 13, 7, 15, 12, 12 and 11 bands respesctively (Fig.2; Plate II).
In brain, band ﬁumbers 5, 9, 10 and 11 could bs desiqgnated as dark

bands while in heart extract, band numbsrs 3, 4, 6 and 10 are dark



170

enoughs But in liver extract, only band number 5 has been found

to be of dark categorye In kidney extract, band nymbers 2, &, 7
and 9 could'bé considored as dark bands while in sys extract,

band numbers 2, 5»and 7 are dark in intensity. In muscle extract,
band numbers 1, 4, .6, 8 and 11 are categorised as dark bandsuhile
. in éerum 8 bands (i.e. numbsr 1 2, 45 5, 7, 8 and 10) have bean
found to be dark in intensity. The rest of the bands in all the
tissuss are eithar light or medium. Similar to the previous ohser=
vation in L. gtriatus, here also it has been obssrved that some of
the tissues possess same number of bands but their distribution
and patterns are totally tissusg-specific. However, few homologous

bands have also been observed in different tissues (Fig. 2).

3¢1¢3+ Channa punctata ¢

Channa punctata shows the presencs of the maximum numbsr of

bands of soluble protains in all the tissues. Thair total number in
brain, heart, liver, kidnsy, sye, muscle and serum have bsen found
to be 10, 17, 13, 14, 12, 7 and 15 respectively (Fig.3; Plate III).
In brainy, band numbers 4, 7 and 10, in heart band numbers 1, 4, 6
and 9, in liver band numbers 1, 4, 5 and 8, in kidnay band numbers
4, 7 and 10, in eye band numbsrs 1, 3, 5, 6, 9 and 11 and in serum
band numbsrs 1, 3, 7=12 and 15 hsve bean cataqorised as dark bands.
In muscls, excapt band numbsr 6, all othar bands are found to-he
dark in intensity. The distribution and patterns of bands in diffe
erant tissues are found to be distinct from ons another though

cgrtain homologous bands are also observed in different tissues.

3:16480 Channa}stamartii H

Ths total numbsr of protsin bands in brain, hsart, liver,
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kidnsy, muscle and eye sxtracts have been found to be 13, 10,

14, 9 8 and 11 respectively (Fig.4; Plate IV). In brain, band
numbers 11 and 13 are dark; band numbers 3, 4, 8 and 10 are of
medium category and the regst are light in intensity. In heart,
band number 3 18 dark in intensity, band numbers 7 and 8 are
madium bands and the rest are light bands. In liver, no dark bands
-could be detectsd. Howsver, band numbers S, 6, 7 and 9 ars of
madium types, In kidnay, band number 5 is a dark band, whils band
numbsrs 4, 6, and 7 ars madidm bands and the rest akXe light bands.
In muscle, band numbars 5 and 4 are considsrably dark whils band
numbgr 7 is of medium typs and the rest are light bands. In aye,
band numbers i, 4, 8 and 11 are of hadium category and ths rest
are light in intensity. Hore also some homologous bands have been
found among differant tissue proteins. In certain tissuss (heart
and aye) the total number of bands ars Pound to be the sams, but
the distribution and patterns are quite distinct from each other
(Fige 4). '

3.1.54 Channa orientalis

The total number of protein‘ﬁands found in brain, heart,
liver, kidney, muscle and sya are 10,413; 12, 14, 11 and 12 resps=
ctively (Fig.5; Plate V). In brain extract, three dark bands (1,

8 and 10) and two medium bands (3 and 5) have been observed. In
hsart, band numbar 7 is comparatively darker than the rest while
band numbers 2, 4, 9'and 1 cduld be cateqgorisad as mediumiband5¢
In liver, band numbor 6 is found to bs dark while band numbers 4
‘and 9 are of msdiumicategory. In kidney extract, band number§ é6
and 11 are dark typs while band numbers 5 and 14 are of medium

types In muscle sxtract, band numbers 2, 4 7, 9 and 11 are of
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dark typs uhile in dys extract,; band number 4 is of dark type.
and band numbsers 1, 2, 6 and 7 are of medium category. The rast
of ths bands in difforent tissues can bs categorised under light
type. The distribution and patterns of bands in differant tissues
are found to be tissugespecific though certain bhands have shouwn

similar mobilities in different tiésuss.

3¢2. Egterases ¢

In the present investigation, tha.maximum number of aster<
ass activity zone is found to baveight which can be resolved to
the meximum number of 10 bands: The estersse zones are numbered
Est+] to Est«B according te their relative mobilities, ths most
anodal zone being referrsd tolés Es£}1 and the moat cathodal zone
as Est.8. An identical pattern of bands have besn Found in both
" the saxes within aispeciéae'nll,thq apterasss are probably golymeric
gince more thankanejallelic'varianta‘are obsarved in oach zane.’Tha
astorases are.classi?ied sccording to Holmes and Masters (1967)
The details of tﬁe distribution and.pattetn of egsterases in differ=
..aht'tissuesvoﬁ different spescies of Cbgnngfhava been summarized

below.

3¢2.%. Channa striastus :4r

The'esﬁerase activitios in.ﬁfain, hsart, liver, kidngy,
muscle, éye and serum ebe found to be raeprasented by 6, 6, 7;A8, 4,
S and 9 bande respactively (Fig.é;jﬁiate,l). It hae been observed
. that excapt serum esterases all other tissue eatsrases aré mostly
~ confined batwsen the zones £at.4 aﬁd Est.6. Howsver, one minor
bandg of liver esterqsas and ons band of kidnay eatarases are>aiso
found in Est.8 and Est{? zones :espect@ualy. The serum estorases

are distributed in the zonoa Est«5 « Est.7.
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342.2. Ehanna barcy @

The total number of bands of esterase activitiss in brain,
heart, liver, kidnay, muscle, eye and serum have been found to be
4, 6, 25, 8y 4, 7 and 9 respectlvelf'(Fig,7; Plates I1). It has been
~observed thst most of the e¢stersse activities are concentrated in
Eot+5 and £st.6 zones, axcept in kidney where it is extended upto
Est«4 zonese Faw minor bands of esteraaé-actiuity ars alsc obsere

vad in Est.?7 and Est.B zones.

3.2+3., Channas punctata @ :

The sstarase activities in E,;Eunctata;are found to bs
.unique of its kind, distributad?ﬁroh Eat.1‘zone (Fig.8; Plate I1I1),
Howevery éost}g?.the gsterase bands‘ara;Found in Est.2, Est.3 and
Est.4 zones. Tho total number of asterase bands in brain,. heart,
liver, kidnay, muscle and eys are found to be 9, 7, 10, 74 7 and

6 respectively. Serum eataraaea;o?vfhis spacias has not baan

sub jacted to examination.

342440 Channa stewartii s

The total number of bands of esterase-activity in brain,
heart, liver, kidney, muscle ahd.eya,have_been found to be 5,44,
75 45 4 and 5 respectively. (Fig.9; Plats IV). Most of the bands
are concentrated in Est.a,‘Esﬁ«S and Est.6 zones, though a Pow
bands are also found in ESt.BVZONQo Brain, hsart and muscls tisse
ues possess only minor bands while iiver axhibits tha maximum

number of major bands.

3.2+5s Channa orisntalis

The total number of bands of estarase activities in brain,
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heart, liver, kidnsy, musclas anq eye are found to be 3, 3, 6, 3, 2
and 4 raspectively. 1t is Purther observed that except Estei and
Este«2 zonas estarase activitiesiare-mida-spread from Est.3 to Est.8
(Fige 103 Plate V). Moreover, oach zone of esterass activity cons=

tains mostly one ssterase band,

3.,2.6. Classification of Esterase zones with specific 1nhibitorai
- Difforent tissue asterases from diffarsnt Channa speciss
" have bean subjgctad'to spsciFicginhibitcrs such as Urea (10 M),
CuSs, (10°3M), £serins sulphate (10?3M) and Disopropylflurophog=-
phate (OFP, 10”3ﬂ) to find out the'ﬁatura or typs of eatarasas
present in the diffarant activity ;bﬁas (Plate V). It has been
obssrved that most of the esterass sctivities are localized in
Est«4 to Est.6 zonss in most oé tha tissues as wall as spscies.
Only Pow minor bands are distributed in other esterase zaonss. The
effects of specific inhibitors on di??erent esterase zones are

summarised bolow %«

Table=1 ¢ Clasgsification of Eaietasés in the Channids on ths
basis of sensitivity to specific inhibitors.

Specific ___ESTERASE ZONES

fnhibitors T 2 3 4 5 6 7 8
Upsa (10 M) - + + R + - -
CuS Oa (1 OQBM ) - - ;o . + - - o
2£s (1 0°3M) red’ o+t +4+ ¢ +4t Yot - +
84pFpP (1D°3M)' 4t + * ot >ty - -

Inhibitory effact = + slight; ++ Moderate and +++ Complete
*£s = Eserine sulphate; *®#%DFP = Diisopropylflurophosphate
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From the sbove 1nhibitipn ekperimsnta, tit can be presumed
that Est.q1, Est.4 and Est.b zoﬁes are mostly composed of Choline
or Acetylcholine esterases while Est.? zone is probably reflecting
Acotyl-asterases., On the other;hand, Est.5 zone may bs compossd of
Arylestorases. The nature of esterases in Este.2, Est.3 and Est.8
are not very clear in this inuestigation, However, traces of car=-

boxylesterases are probably present in these zonas.

3.3, Lactate dehydrogenase (LDH) iscenzymes 3

LDH is a tetraﬁeric molécule;‘encoded by two separate sube
units,Adeqighated as 'A' and '8° in-nost of the vertabrate tiésUes
includxng Fish. Nhen LOH isoanzyne% oF 'A"and g subunits are
ccmposed of one type of molecula, thay ara termed as LDH A (or
LDH 5) and LDH 84 (or LDH 1) isosnzymes respectively. The combina=
tions of these two homopolymers, which are termed as LDH A381
(LDH 4), AB, (LDH 3) and A85 (LOH 2), always show their activie
ties within the LOH Ay and LDH Ba zones. Another LDH 1soenzym9,.
found in sys tissue and sncoded by a different subunit ‘E', has
higher relative electrophoretic mobility than the other two (A, and
8,) and is termed as LOH E, iséenzymag In normal cases, LOH A,
shows comparatively mors activity in the sksletal muscls than LDH
B8, whereas LDH B, is more active in heart muscle than LDH A,. In
most of the cases, it is found thet_LDH Ba is composed of more nst
nagative charges than LDH A, and migratas towards the anods uwhile
AA romains relatively confinad towéfda the cathodal end. But in
cortein cases, the 'A? subunit bsara more nat nsgative charges than
the '8! subunit and a9 a result LDH R4 migrates farthest towards
anocde while LDH Ba remains confinad tomards the cathodal end. In

the present investigation, a similar observation is mads for all
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.' 3
the Channa spscies uwhich is further confirmed by urea end heat

inhibition studies. LOH E, is always found near the anoda;%érgg
3¢301¢ Lo gtriatus

It has been observed that most of the tissuess axhibit tuo
to three LDH activity zonss (Fige11; Plate I). LDH A, is found to
be present in brain, liver, muscle andreya tissues whils LOH 84
1s‘predominant in heart tissus ﬁhough it is also observed in
muscle tissus with lasser'intenéity,'LDH A.B

272
kidnay and serume LDH AsB, is found in all the tissues except kid-

is Pound in hoart,

ney and muscles LOH A183 is not observed in any of the tissuas.

343.2. Lo barea

In this fishp most of the ﬁiasues cexhibit one to a ﬁaximum
three LOH activity zone (Fig¢12} Plate 1I). LDH Ay is found to he
predominant in4brain and muscle tissuss wharsas LOH B4 is found
in heart, livar and eye tissuss. Except muscls and sarum, all the
tissues posgess LOH AZBZ‘ In heart and eye tissuaes, in addition to
LOH Azﬂz, ons more LOH activity zons viz. A8, could be traced.
. No~LDH A83 is found to be present in any of ths tissues.

v_ 3¢343+ Co punctata o
Except muscle and serum,,allibther tissues exhibit all the
five major LDH isoenzymes (Fige 13§7élate I1l)e In addition to
this, one or two minor LDH activity zones could be traced in dag-
| tain tissuses. Muécla and gserum show only two LDH,actiuity.Zonas |

i.00 Aa and Ba isoanzymes.

34380 E, stewartii :

It has been observed For this species that except kidney,
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all other tissues exhibit LDH Aa‘isaenzyme, while LDH Ba 13 found
to be present in hoart, liver, kidnsy and oys tissuss (Fig. 143
Plate IV). LDH AZBZ ispenzyma is exhibited by all the tissues
alonguwith LOH A381 isosnzyme though the latter is absent in liver

and muscle tissues.

3.3.5. C. orientalis :

In this fish, LDH Aa isoanz&me is found to be prasant in
all the tissues. LDH Bi4 isoeanzyme is p;ominant in brain tissue
(Fige15; Plate V)« On tho otharlhand, LDH A.B, isosnzyme is present
in brain, heart and kidnay tisshea; The othsr two Fbrms (A381 aﬁd
A¢B3) are not so distinct.

3.3.6¢ Eya=specific LOH €, isoeniyme s
It has been observed that the ays extract of all the five

Lhanna species, in additiaon to the usual R, and B4 LOH isosnzymes,
exhibits a third typa of LDH isoenixma with faster relative elecg-
trophoretic mobility towards anoda¢vthia is tormed aé LDH E4 iso-
snzyme (Fige 11=15; Plate UI).'Moreqyef, sometimes certain LDH
bands appear beyond the LDH A4 isoénéyme in ays tissue4as well as
in other tissues like brain and haart. Theaa'aré probably hetero-

polymers containing 'E' and ‘A’ or '8' subunits.

The heat stability of LOH €, isosnzymes in relation to the
other two LDH isocenzymes (Aa and B,) has also bssn examined (Prate-
Vi), It has-SQen found that héating at 65°C For.15 minutas or below.
. has little e?ﬁact on any of the LDH isoenzymeé. But above 15
minutes duratioﬁ pr so, heat shows adverse affect on LDH A4Aisoen-

zyme which is found to be less stable than LDH B, isoenzyme though
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4 LDH isoonzymes is not at all affected sven upto 30 minutes
durations Atbove 30 minutes all the LDH activities are removed

completely.

Liver specific LDH isoenzyme @

In ceftain cases, it is found that whan the eye specific
LDOH isoanzyha is not present, a'liﬁer specific LDH isoenzyme is
thare but with & reverse mebility. To confirm this, reverse
electrophoresis of liver tissue extract has beasn performed, and

no LOH activity 'zone could bs detected in any of the species.
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The proteins along with ths nucleic gcids sre the most

~ important components which ragul%te all biological procssass since
ganstic information transferred by the nucleic acids is ought to
rovaal many intsresting aspects of evolution and heredity. It will
also help to rationalize the chemotaxonomic approach to systema-

tize the animal kingdome.

In general; sex, spamnlné, food, age, hibernation, diseass,
osmotic pressurs, tempsrature, iight, oxygsn deplstion and other
seasonal factors have some role on ths total protein speciss of a
fish (Books 1964). To minimize the influsnces of such factorsa,
adult fishes wors obtained during the same ssason and almost from
the same environmentasl conditions taking sex and age as constant.
It may therefore; be presumed that the patterns and distribution
of the electrophorstic bands in difPerent tissues and serum could
not be affacted by factors othsr than genetic, so that species’

specificity could be understood only from ths gonetic level.

It has besen obssrved thaﬁ the patterns and distributions of
soluble protein bands in all the species is aspeciesespecific. It
may ba mgntioned that & numbor of hﬁmalogous bands in ths corres-
ponding tissues of different species could be detectad due to
similar mobilities., Similarly, corrasponding tissues of different
speciss, somstimes possess the same number of bands but differing
from each other in mobility and type. For example, the number of
protein banqs in the eye tissus QF‘E!,EEEEE!.E’ punctata and

C. oriantalis are 12 but diffsr Prom sach othar in mobility and

staining intenaity. The liver tissue in all the spocies has shoun

the minimum number of bands. Most of the protein bands in the
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brain tissue axhibit phenotypes with moderate to lighter staining
intensitys This may probably be bue to.lesser protein content in
brain than in the other tissues‘ilt'may bas interesting to note

that most of the muscle protain bands in all the spaecies show the

_ maximum absorption of dye.

The blood tissue is parhaps more depandent on the physiolo=
gical state of an organism than;any other tissue. Though it is
balieved tha£ serum protaina show apeciea-spaci#ic pattern (Booke
1964), due to the limited number of bopulation studied, ﬁo genaral
conclusion could be drawn in this regard. Howsver, in the present
investigation, sarum protsin haé shqwn'cunsidarable differences in
the species studied. Though it ﬁas beaﬁ garlier reported that
water soluble'livar and muscle proteins may not show species speci»‘
ficity (Nyman 1965a,;b,c), SpeciéséSpeciPic patterns and interspe=-
cios variations of tissus and serum proteins have been found in
other fishes alse (Chandrasekhar 1959, Tsuyuki gt al. 1966,

Johnson gt ale 1972, Tsai and Yang 1974 and many others) and such
variations are expscted to haueigreat;taxonomic valus. The distinct
alectrophoretic differencas, observed among the members of the
Channids may also be used for identification, to find out their
relationships and differantiation as have been employsd for other
Pishes (Reinitz 1977a,b, Buth 1977,' Menzel 1977, Buth st al. 1980).
In the prasant investigation it has been observed that though the
distribution and pattern of proﬁein bands exhibit considarabls
similarity in differsnt species (as has besn expressed through the
presence of homologous protein bands in muscle and serum protsins)
&amonstrating their close relationshipa, they differ considerably
in their total protein patterns thus reflecting the diffaerences in

the gonatic wake up.
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Esterases are a fow groups of enzymas differing in their
functions. As their very nams inéicatas, the principal faaturss
of the various esterasses concernfhydrolyais of ssters like acetate
and butyrates. They are inheriteé,cdddmihantly i.0. without Porm=
ing the hybrid rings. They ars. monomers or dimers. Holmss and
Mastors (1967) have distinguished six di??arent agroups in guinags
pig viz. slouw Carﬁoxyleestaraaas§ fast Carboxylessterases, Choline
agsterase, Acetylcholine ssterase; Acetylessterases and Aryle

astgrases.

The totel number of sataerase bands in Pish ranges from S5

in Ribulus marmoratus (Massaro gg g&f 1975) ta 15 in Fundulus

hotaroclitus (Holmes and Whitt 1970). In most other tslseosts (See

Rhuja gt ale. 1977 For‘detail)‘there are 7 to 9 esterase bands.

Thé channids exhibit a-maximuﬁ éumber of 10 banda in the liver of
Ce Eunchata; Homﬁver; tha.diPFeéent estarase bands of the channids
can bg convaniently grouped iﬁtq 8 zones numbered as Est.i to Est.
8. OF all the tissuss examinad the liver usually displays nearly
the maximum number of bands rapresantativa of a species, the only
exception baing L. bakca uwhere it displays the minimum number of
bands. In Fundulus out of a total of 15 bands, the liver displays
11 bands (Holmos and Whitt 1970)s In most other teleosts ths liver
shows the maximum number of bandg (i.0. 7 to 9) ropresentative of
the species (see Ahuja gt gl. 1977). 1t may be stated that skeletal
muscle tissue displays 14 out of tha 15 bands present in Fundulus
while most of tho other teleosts exhibit 2 to 6 bands in muscla.
The channids usually display 2 to 4 bands in tha skelstal muscle.
Fissue.except €+ punctata which exhibits 7 bands in the muscle.

!
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Tha inhibitor sensitivity studies have besn performed to
dissect the nature of coding léci for esterases. Howaver, sll the
bands are not intarpretable.ga%aticallyo It appears at least
threo zonas cods for Cholin ori Acetylcholin astaerases, one sach
for aryle= and agetyles asteraseéa Cérboxyl-esterases ara probably

coded by tho rest of ths zones,.

It is quits clsér from the ﬁatdra and pattern of distribu-
tion of the estarass bands, aided with the inhibition expsriments
"that the idsntification and differentiation of the five species is
very much possibla, thus providing'oﬁce again fhe usaefulnass of

egstorases from the point of biochemical taxonomy.

The lactats dehydrOQBhase enzyme (LDH E.Cs 1+1.1.27) is
one of the most extensivaly.studied anzyme systems. LDH converts
pyruvate to lactate with a concomitant production of NAD® by oxidae
tion of NADH. ThiaAallows the contiduation of glycolysis which
again permitshthe continuad production of ATP for energy. LDH is
reportad t0>b§.present in almost alL groups of vertebrates and
invertebrates (Markert and Ursprung 1974)« In most vertebrates,
LDH is.a tetrameric malacule.and usually two separate loci have
been identified which code ?or‘the two subunits viz. A and B, In
many tissues thess tuwo subunits indiscriminately associate with

sach other to form five tetrameric isoenzymes, vizoinap A381, AB

2°2°
A183 and Bao All these isoanzymes éra eloctrophoretically separable
because tha two typss of subunits differ in thair net charge
(Apella and Markert 1961, Markert 1962). In many spocies of fish
fewar than theass five iscenzymes are found dus to restr&ctiona'on
subunit association or tetrama;ic inatability (Markert and Faulha=-

ber 1965, Whitt 1970apb). In most of the telsosts, there occurs 2
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rotinalespecific LDH, the E locus which possesses a remarksble
anodal mobility (Markert and Fzulhabar 1965, Massaro and Markert
1968). Furthermors, a liver spéci?ic LDH igoenzyme, vizs the F
locus with cathodal mobility has bgén detected in cyprinids

(Klose ot ale. 1969, Kapes and Whitt 1972), gadoids (Odense gt al.
1969, Lush 1970, Sensabaugh and Kaplan 1972). It is assumed that
the two LDH gonss A and B had baeen present garly in teleost evolu=
tion. By duplication of the 8 gens, a third LDH gane had originated,
In the group of Pish leading to cypriniformis otc. this locus eveole
ved in its reguletion and other properties to an iscanzyme (Fd)
synthesized prodominantly in liver while in the other lins lsading
to moost orders of tsleosts it becamé restricted to retinsl (Ea)
function (Whitt st gl. 1973)s Thus, in the advanced teleosts the
tws loci bscame mutually exclusive in their function resulting in
tha adaptive radistion of the teleosts (Fujio and Kaneko 1980,
Fisher gt ale. 1980). |

All the channid species under present investigation are
provided with the eye specific LDH isoenzyme indicating their
'aduandad nature. In majority of ths Fishes the LDH B subunits
bears mors net negative charge than'the A aubunit'as a rasult of
which the latter remains confined towards the cathodal end. The
comparativeidiatribution and pattern in heart and skeletal museles
tissuevand>thé inhibition studies hava shoun g reversed relative
electrophoretic mobility of thess tmovsubunits in the five Channa
speciss as compéred to most other vertebratas. The Channids,
therafore, stand out as a group from most of tho toloosts in this
context. At ths species level, it has been observed that certsin

species exhibit all the Pive LDH iscenzymss of A and 8 subunits,

whils in some other only a fow of them ars reflected indicating
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porhaps the logs of capacity of the A and 8 subunits to recognize
@aach other. Even the pattern and distribution of LOH isosnzymes
in diffsrent tissuss of the same spacies show variation which may

be due to tisgue specificity.

It has bgen obhsarved in the present investigation that all

the tissues of Channa striatus and C., barce possess the usual isoe
-3 asgmgeeiepus

anzyme pattern as found in othar fishes (Markert and Faulhaber
1965) . Most of the tissues contain two or thras LDH isosnzymes,.
Howaver, muscle tissug in both the species contaiﬁ only one isoens
zyms, LOH 1 of Ra? Othar tissues contain LDH 1 (AA) and LDH S (Ba)‘
aﬁd sometimes an intarmediate LDH 3 (Azaz)mhich is heteropolymer
of the other two. Heart tissue of Cs striatus contains four LOH
activity zonss of which two zones may represent two allslic farms
‘of LDH 14 (Rd)o‘ga punctata on ths other hand, shows LOH isosnzyme
pattern (of A and B subunits) similar to that of mammals. Except
muscle, all othar tissuas contain Rive or more LOH activity zonss.
In brain and‘Livar, in addition to ths probable five zonas, tuo

and one minor zo0nes are also detected raspectively. Fuscls has only
two zones of asctivity, probably LOH 1 (Ad) and LDH S (BA)° Presance
of five LOH isoenzymes are also repqitad in Whitting (Marksrt and
Faulhabsr 1965). Tha LOH iscanzyma pattern in C. stowartii end

Ce orientalis are quite distinct from other species of Channa,

because these two speciss show all the bimodal distribution of LDH
isognzymes having two to five or maré zonas of activity. In both
the apecies, muscle tissue possesses only two isoenzymes while
brain and kidney have four zones of LDH activity. Howsver, the

heart LOH of C. oriontalis roflocts only two LDH isoenzymes, while

iﬂ'gq stewartii the sama tissue shows four bands. The liver tissue
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of Cs stewartii possesses five zonas of activity, uwhile

Ce oriasntalis only three. Though it is peported that liver con=

tains only LDH B in fish (Markert and Faulhabar 1965), axcahtion
to this finding is also observed in other fishes (Wwhitt gt al.
1973). ' ‘

Since the advent of electrophoretic survey of protein
“variation, a largs body of data has accumulated, cléarly indicag~
ting that most natural popula%ions of animals aﬁd plants maintain
considearable level of protéin;polyéﬁrphism (Leslis and V:ijenhoek
4977)+ The leval of polymorphism increases with the increase in
population aizes In tha.prasent stady, not é large number of polye
marphle'protein loci could be datacﬁed in any of the speciss. -
Morsover; protein heterogenaity is determinsd by diffsrences in
the spacies ecoldgy (Kirpichnikov and Muske 1980) which was elimie
nated in the preéent,1nuastigationo—fhe relationships betwsen
protein loci and environment are ueﬁy complicated. Organisms
raspond di?ﬁ%nantlv to alterations;d? various environmental factors
(Kirpichnikov and Muske 1988). But édaptive divergence, may bear
little electrophoretic divergence (Avise et al. 1975, Larson and
Highton 1978). Probably, that is why, though two chromosomal races
of C. punctata were detected (ses Chapter I1), they could not be
idantifisd morphologically as wall'aa electrophoretically. Again,
the protein polymorphisms are mostly tho results of geocgraphical
variation accomplished with genstic variation (Lindsay gt gl. 1970,
Franzin and Clayton 1977, Tabachnick 1977, Kimura 1978a,b, Brody
gt ale. 1979, Diebig et ale 1979, Winans 1980). In the present

investigation all the spscies were collectsd from almost same
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geographic locations with little differences in the environmental
conditions and probably, becauss of this, no polymorphic populae-
tions could be detected. Whatasver dif?étences have bsen observed
among individuals, cannot be considersd under the phenomsnon of
polymofphiSm_bacausa they were not stgtistically significant as
thse number of populations studied has been very small: Parhaps by
inereasing the population number and size, soms detectabls biqche-
mical polymorphism in terms of protein variation could be traced

which, housver, is beyond the scope of tha present ﬁnveé#igaticn.
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Filgure 1 3 Diagrammatic illustration of the sol‘ubl@
protein phenotypes of Channa striatus.;
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‘Figure 2 : Diagrammatic illustration of the soluble
protein phenotypes of “Channa: barcae
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Figurs 3 ¢ Diagrammatic illustration of the 'so-thle
protein phenotypss of Channa punctata .
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Figure 4 :'Agiagramm'atic illu‘s-tr.atﬂion of the soluble
. protein phenotypes of Channa stewartii.
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Fiéura 9 ¢ Diagrammatic illustration of Esterase
phanotypes of Channa stewartii.

.
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Figure 13 ¢ Diagrammatic illustration of LDH
phanotypes of Channa punctata.
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Figure 14 : Diagrammatic illustration of LOH
phenotypas of Channa ,s.tj.’a.warlt’ii.f
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Plates<V ¢ Tissue=specific soluble proteins,
ssterass and LOH (A and B subunits)
patterns in Channa orientslis.
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Plate=V1

(a) Sensitivity of liver esterases of Channa gtriatus
to various inhibitors.

(b) Sensitivity of liver esterases of Channa punctata
to various inhibitors.

C = Control Es = Esgring sulphate, 10¢3M
U = Ursa 10M |
Cu= CuSO,, 10°3M OFP = Diisopropylflurcphosphate 10=3y

(c) LDH isoenzyme patterns showing theElocus -in Channa
punctata along with tho heat stability experimsnt.

(d) LOH isoonzyme patterns showing theElocus in Channa
striatus along with the heat stability experiment.

E = Control; £E' = Heat trsatment at 55°=65°C
for 15 minutas

E? = Hegat treatment af 55%2=65°C for 20 minutgs.



PLATE - VI

C U CuEsDFP

v

ESTERASES

e

ESTERASES

b

T

LDH



CONCLUDING REMARKS
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The Systeﬁatics of gir=breathing Pishes belonging to the
genus Channa prosents serious difficulties lesding to disagree=-
mants among taxosnomists on ﬁﬁe'identity of some of the species.
The study of Pish cytogsnstiecs and genetics is very promising in
- torms of the gsolution of these problems. The objesctive of this
_reaea:ch was to present a comprehensive morphometric and meristic,
karyotypic and alsctrophoretic description of the fPive Channa
specios widely Pound in RortheEastern India, and to supplesment the
earlier_studies and pgduide further insight into the quaestion af

interrelationship among these spacises.

As far as the present study is concernsd, we have been
fairly successful in prouidiﬁg.a working key for tha field idsntie
fication of the differant sﬁacies from the point of visw of
morphotaxonomys Ths cytcgenéﬁic data demonstrates that all the
species are markedly diPFerent at the karyotypic lavel. In
addition, the existence of tuo (chromosomal) races of the species
Co Eunctaha.haé also beon esﬁabliehedp We have also baen abls to
characterize alectrophoretically the diPPersnt.Channa species.
Use of eithor soluble nuscls protein or esééraaea rogsults in
unequivocal assignment to species because of gp@ciés«speci?ic
banding patterns. The overall distribution and'éanding pattorn
of LOH ia also'indiﬁative of the distinctivenéSs of the genus.

As a follow up of ths prasent work ws suggaest the study
of banding pattern of the karyotype to provide further insight
into ths karyotypic avolutions within this group. We would also
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l1ike to suggest furthar application of biochsmical technigques
invol&ing a large number of enzymes and statistically significant
nunbsr of individuasls to find out the genstic distance bestuwsen
the members which we believe will have the last word in unravele

ling ths phylogeonstic relationship of this group of fishes.
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