
STUDIES ON CERTAIN ASPECTS OF 

TAXONOMY AND GENETICS OF SOME AIR-BREATHING FISHES 

OF NORTH-EASTERN INDIA 

ABSTRACT 

NABENDU JYOTI DHAR 
Department of Zoology 
School of Life Sciences 

Thesis submitted in fulfilment of the requirement of the Degree of 

DOCTOR OF PHILOSOPHY 

To 

THE NORTH-EASTERN HILL UNIVERSITY 

SHILLONG, INDIA 

NOVEMBER, 1982 



/\~· 

·t~1 

::JJS 
5CJ f·. 50Lfl5 

;.]) HI-I 



1 

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 pond, 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 line 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 hav~ caught the imagination of fishery scientists, in view 

of their popular demand, their nutritive value and recuperative 

importance and ~lso for the need to utilize the swamps which cannot 

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 cons~derable 

scope to play an important role in the rural_ec6nomy and hence it 

becomes imperative to organize planned effort to render these 

swamp prmduction. On the other hand, while consideri,ng th_e develop­

ment and standardization of the fishery management techniq~es of 

the air-breathing fishes, many gaps in the information were 

experienced in the field of biology, ecology and genetics, and 

therefore it is necessary to undertake the study of certain aspects 

of biology, systematics and genetics of these fishes. The present 

investigation is a part of such studies which involves a particular 

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

The murrels or the snake-headed fishes are represented by 
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only one genus Channa (= Ophiocephalus), comprising of six species. 

They have a homogenous distribution in tropical and, subtropical 
·., 

region of the world and at least five spec;ies 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 to distinguish when they are of the same 

size. We have undertaken in our laboratory a detailed study on the 

biology and genetics of this group and keeping this in view, the 

present work has been carried out and the findings have been 

presented in three· cha.pters· of this thesis. 

The first chapter presents the results of morphometric 

analysis a•tid meristic studies of these five species while the 

second chapter deals with the chromosome analysis and the third 

chapter has been devoted to electrophoretic investigations 6n 

certain proteins. 

I - Morphometric analysis and Meristic counts : 

As far as the present study is concerned, a fairly successf 

working key for 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 intra-species variations are observed, 

measurements and counts of different body parameters show conside 

able amount of distinctiveness among different species. Biometric 

indices for fifteen body parameters have been carried out For al: 

the five species and compared. This study, thus provides a balant 

key to identify the different 
specie·s,.) i .. ··rrespectlve of size, fotm 
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and colour. Regression equations for ten,body parameters have 

also been worked out for all the five species studied. 

II - Cytogenetical Investigation 

All the five species of Channa have been subjected to 

chromosome analysis. The 2n numbers of different species are 

found to be as follows :~ 

c. striatus 2n=40 (am + 6st + 26t)' NF 54 

c. barca 2n=38 (6m + 6sm + 4st + 22t), NF 54 

c. eunctata Var. A 2n=34 (16m + 14sm + 4t), NF 64 

c. eunctata Var. 8 2n=32 (16m + 16sm), NF 64 

c. stewartii 2n=66 (12m + 6sm + 6st + 42t), NF 90 

c. orientalis 2n=76 (2m + 6sm + 68t)' NF 84 

The most interesting finding is the existence of two chro­

mosomal races of C. punctate having 2n number as 34 and 32 respec­

tively, which could not be detected by morphological studies. 

Moreover, it has been observed that all the species are markedly 

different from one another at their karyotypic level. Comparison 

made with the earlier works reveals that certain species (eg. 

~· orientalis) shnw 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 be1 

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 bi-armed chromosomes are comparative} 

more advanced in the line of karyotypic evolution. But the karyo· 

types of £• stewartii and C. orientalis do not show any direct 

relationship with the karyotypes of ~· striatus, £•barca or £·~ 
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III - Electrophoretic Imvestigations 

Characterization of different Channa species has also been 

tried through electrophoretic investigation of soluble tissue 

proteins and serum proteins along with two enzyme systems- Esterases 

and Lactate dehydrogenase. It has been observed that the pattern of 

distribution of tissue and serum proteins in all the five species 

are species specific as well as tissue specific, even through 

certain homologous bands could be detected among different species. 

Use of esterases results in unequivocal assignment to species 

because of species-specific banding pattern. To characterise the 

nature of esterases, inhibition experiments with different esterase 

activity inhibitors such as urea, CuSD 4, 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 A4 is found to be more negatively 

charged 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 distinctiveness 

·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 group. 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 members 

which we belieue will have.the lest ward in unra~~~~~~~ 
genetic relationship of th1s group of fishes. ' .,, .. -·- 1iJ.S/-~ _..,. 
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Certain freshwater fianes show unique environmental adap~a~ 

tion~ for direct use of stmosph~ric oxygen, in addition to their 

Dill respiration. ey virtua of their aerial respiratory habitD thay 
can stand water deficient in oxygen" such as those of swamps and 

marshy araas with foul water 0 wttere the usual gill breathing fi;s-hes 

cannot thrive~ fishes with this particular characteristic are 

commonly grouped together and called as 'air breathing fishes•~ 

There are at ,least eight fresowater and two marine genera of 

t(lleo'3.'ts \Uhieh ea~Qtitut~ t-1:\g fauna af ai1:•t:n:ee.thinq fishes in tndia, 

viz. Anabas 0 Amph!pnous, Channa (Ophiocaphaluil!J) 0 Clarias~ Colisa, 

Hateropnaustes; r~o1:,o.etarus, Oaphromenus, Boleophthalmus and 

Periophthalmus. 

The live fishes c~mprisa about 15% of the total marketabla 

surplus of' inland f-isheries ( Jhingran,:_;; 1 982) which seems to 

originate as captured fishery, either Prom wild CJatar or from 

culture pond 8 naturally occurring with carps~ Since it is an 

unorganised capture fishery, there is no authentic data regarding 

production. 

However, tha culture of aircabreathing fishes could certainly' 

constitute a substantial second line of production in terms of f'ish 

protein from the inland water and could help to step up the 

nutritional effort which is comparative~y very low in India. Keeping 

this fact in mirid, in recent years~ the air-breathing fishes have 

caught the imagi.nation of" fisha~y sciantistsrt in view of their 

popular demand, thait nutritive value and recuperative importance 

abd also for the need to utiliza the swamps which cannot be easily 

made suitable for carp culture. The swamps with diverse water 
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condition can be easily utilized by hardy fishes with air-breathing 

nature, thus these fishes could provide considerable scope to play 

an import~nt ·rdle in the rural economy and hence it becomes 

imperative to organize planned effort to render these swamp 

p,roduction .. On the other hand.~ while considering the development 

and standardization of the fishery management techniques of the 

airobreathing fishes, many gaps in the information loore experienced 

in the field of biology, ecology and genetics, and therefore it is· 

. necessary to und$rtak~ the study. of certain aspects of biology, 

systematics and genetics of these fishes .. The present investigation 

. ,is a part of such studies which involves a particular group of air• 

. breathing fishes, the 'Channids' ot murrels. 

The murrels ~r the snakeoheaded fishes are represented by' 

only one genus·Channa (=Ophiocephelu~)~ Qomprising of six species 
• 

(r'1enon<. 1974) • They have a homogenous distribution in tropical and. 

3ubtroplcal region of the world and at least five .species viz. 

Channa strietus. Channa barca, Channa punctate, Channa stawartii 

and Channa oriant~lisi are readily ~vailable in ,North•(astern India~ 

All the representatives are very much alike in colour and shape and 

therefore are often :difficult to distinguish UJhen they are of the· 

same size. t~e have undertaken in our laboratory a detailed study on 

tho biology and gsne~ics of this group and keeping this in view-

the present work has been carried out and the findings haue been 

presented in tt,ree chapters of this· thesis. 

The first chapter presents the results of' morphometric 

analysis and meristic studies of these five species while the second 
' 

~hapter deals with the chromosome analysis ~nd the third chapter has 
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been devoted to electrophoretic investigation on certain proteins. 

The present. study, therefore, will provide us, besides the general 

morphological difforences 0 with a mora comprehensive taxonomical 

kay for identification of the different £tlan,'),a, apecies 0 comprising 

of Morpho-, Cyto• and Chemo-taxonomic parameters. On.the other 

hand, chromosomal investigations will be helpful to unravel the 

phylogany0 speciation and evolution oP this group. Protein 

electrophoresis will provide us with the information regarding 

protein polymorphism at intra- and interspecific levels of this 

group. In addit.ion.0 _tl'!e inhibition studies will reveal the nature 

and types of iso:en:zymes that are studied" 

Jhingran1 V.G. (1992) : Fish and. fisheries of India. Hindustan 
Publishing Company. 667 P• 

Manon, A!G•K• (1974) : A check~list of fishes of Himalayan and 
Indo•Gangetic plains. Spo Publ. No.1, fishery 
Societ~ of India (CIFRI, Barrackpore), 137 P• 
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The .t~l~ost~an pomplex comprising of more than 2~,000 

species, has a ~~markable ~etaroge~ous composition with 32 orders 
. ' 

and 400 familia~ (G;reanwood ll ~·&; 1:966) •, This• probably includes 

the list of subspecies and races, designated as separate species 

in different places. Therefore, to find out the exact taxonomic 

status of a species, it is necessary to study the morphometric 
' 

and meristic features of a species, which in turn confirms the 

specific charactars of a speci~s~ ~anus~ family and so on. A brLef 

survey of sub~ investigations tin Indian fishs~ i~ presented below. 

The first authentic des6tiptio~ of fishes of the Indian 

subcontinent can be dated back:to the work of Bloch (1785) and his 

'Auslandische Fische'. This is· ~losely followed by the works of 

Lecepede (1798•1803)P Sthrieide~· ~180~) and Russell (1803). In 18221 

Hamilton (8ucha~an) listed the ~~aiiable fishes from the river 

Gang~s. McClelland (1839) publ~~~~d his 6ollection on Indian 

Cyprinidae with description. Sykes (1841) published his works on 

fishes from D~khun. Jerdo~ (184~) des~r~bed few species of fishes 

fro~ Southern· India. Bleek~r (1853) described the fish fauna of 

Bengal. GUnther {1859·1870) s~udied the fishes from British Museum· 

collection and ~~blished·a number o~ ~~~alogues which include~ 

Indian fishes alsb. B~t· th~ mo~u~ental wbrks of D~y (18~8~ 1889) 

on fishes from British India, Burma a,nd· Ceylon are still the most 

informative and.yseful referen6es to ~ndian ichthyo-taxoM6mi~ts~. 

Since then, fis~as were ~esc~ibe~. f~om different regions by 
•\' I ; I ''t 

0 

different workers:· such>as Raj ( 1916) ~ Annandale! (1918). Shaw and 

Shebbeare (19r7') etc·.: Hera ( 19J7·, 1-941·, 1944, 1951 and 1955) h~~··. 
. -. : : . ~ . ~ . . 

contributed mu¢r ·.c,·.n: ·Indian fishes along with their geographical_ 
' 'I ; ; , , ', ;': ~. ' ' i: ~ 

distributions. Menon (19S1 ,,_ 1964 ~nd · 1974) an.d Mishra ( 1959) h~ve 



~lso d•scribed a largQ ~umber of fishas from taxonomical point 

of v-iew. 

The mu!'re.ls are. repras~nted by only one genus C,ha.nna. The 

nama Channa was first used by Scopoli (1777) while describing the 

type Channa orientalis • Bloch (1794) gave the name Ophi,o,caphalu.s, 

Por the genus whila describing the type O,ehio,c§2ha,lus e,unctatus. 

H~ named them so, ptobably because of the similarities of 

structure and appaaranc_a of the head ·or the.sa fish as with the 

anake•head (Ophidian""'snake, Cephalus-head). 

Regarding tho ~~essification of this group, some differences 
.j 

were observed between tf'le classification or Day (1878) and the 

recant classific@tion of Graon~ood m:_ a.l.. (1966). Dey grouped the 

murrola under th.e famiiy, Oph~ephalidae and brought it under the 
. ,t '· . ~ . 

order Acanthopt.erygii ·which ia ,characterised by spiny-rays, but ha 

could also obse-rve tho differences in this regard of this family 

with other membats of the or dar- and probably that is why he grouped 

all the snaka-.haaded fishan under a saparate sub-division -

Channiformes (the .13th group under the o.rder Acanthoptery gii) o He 

classified this group under two genera - (i) Oph,ioceph,alu,s and . 

(ii) Ch~nna,. and described nina species undar the genus O.phiocephalus 

and one species under. the genu~ Channao Rsgan (1929) included t.he. 

murrals under ths family OphioCephalidaa under the sub-order 

Ophiocaphaloidaa ~ The latter, along with other threa·t sub ... ordere, · 

viz. Percoidee9 Gobi~~dea and Anabantoidea. was listed under the 

order Percomorphi. Greenwood et al. (1966) have grouped all the --
mut.rels under a single genus C,hanna. and created a new order 

Channiformss, to acco:mmodate only the snake-headed fishes • 
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Regarding the names Channa and 1phioce0holu~ th~r9 w9ra ................ _ ....,.. __ 
certain controversy while using these in practice. Myers and 

Shapovalov (1931) op.inoc1 that £t~~IJ..11El. ~}copoli (1777) had priority 

over its subjectiva synonym Ophiocaphalus Bloch 1794 (the earlier . ._........ .. ... . 

Channa Gronow 1763 has not been accepted because the 'Principle ..... 
or Zoologic.:ll ~Jomenclature 1 were not applied in that work). 

Scopoli's roork (17?7) haA on the other hand been placed on the 

list oF' acceptabla ~uorks. Smith· (1945) made a plr~a for retention 

~f the familiar nama Ophi~cephalus Bloch 1794, for the genus but 

the rules of nomenclature are adamant in this rGgard and the name 

Cha.n,na Scopoli 1777 should be used.. He rae and :~1yers ( 1937), 

McAllister (1968) o~pressed their opinion in favour of Channa and 

subsequently mo-st of' the taxonomists are usina ·this name. 

Dus to tho pro:-3ance of mar'ly overlapping characters among 

different. members of the family {such as Ophiocephalus maru.lJ.~1,_ 

9 .. • ~..£~0pun_9_!.~tus .. and Q.• P.S9~o.!l_2!_uli;.~}il Day (1878) was quite 

confused regarding tha proper identification of tho species. 

Sometime Channa amphibious rind Channa barca are considered as 

separate species (Shaw and 5hebbeare~ 1937i Reddi 0 1981).Pro~abiy 

most controversial of all~ is the species Channa orientalis or 

Ophiocephalus gachua. Day (1878) classified this under two 
. - ""'~·~ 

separate genera according to thG charactaristics of the pelvic 

fin. Such diffe~encos are hatdly observed and in factp later on 

Day's Channa oriantalis and Ophiocephalus gachua have been 

confirmed as a single spacies. 

Altogether six Channa species are found in India (Menon~ 

1974). In North-Eastern region of India 0 all the six species are 
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readily available~ This group of fishes are distributed throughout 

the urorld sxcept t.'l!est E:uropa~ f~orth America, South America and 

Australia~ In India? they are available throughout, in ponds as 

well as streams and rivers, from tropical region to high mountain 

range:-

The murrels are sometimos considered as weed fishes in carp 

culture ponds, because of their predatory habits on other fishes. 

But they may certainly provide a se6ond line of production in terms 

of protein~ In eddition, the unutilizable swampy areas can be used . . 
with least management. Some of the murrels attain quite a large 

size and ha~e commercial values. Howaverg these fishes are not 

easily di~tinguishable because of their morphological similarities 

and many a time are wrongly identified. Unless there is a definite 

key for identification~ there will always remain a problem in . 
studying this group of fishes from different biological angles. 

Therefore, in the present inventigation, morphotaxonomy, cytotaxo-

nomy and chemotaxonomy are incorporatad so that a proper 

identification formula could be evaluated. In ths present chapter, 

the rnorphotaxonomical parameters for different species have bean 

considered. 



2~ M A T E A I A L S A f\1 D NE:THODS 
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2.1~ Tho Fishes : 

Tho materials for the present investigations comprise of 

five species (Fig~ 1a & b) belonging to the genus Channa, viz.; 
':; > 

1. Chann.a striatus (Bloch) 

2. Channa barca (Ha~ilton) 

3 • Channa e,u,n,ct;ata (Bloch) 

4. Channa ste~ar~ii (Playfair) 

. 5• Channa orientalis (S.chnaider) 

These ara included in the family Channidae, the characteristic 

features of which are: body elongated, the anterior-portion is 

subcylindrical; head is depres·sed and has plate like scales; 

laterally placed ayes. Tha pre~ance of five branchiostegals but no 

psaudobranchii; the number of gills is Pour; gill openings are wide 

and tne membranes of the two sides are conoectad beneath the. isthmus. 

Suptabranehial organ .i~ not developed. On either side~ an accessory 

hollow cavity., .besides the gill cavity in the head region, acts as 

an accessory raspiratbry orga~ and p~ovides an amphibious mode of 

respiration which helps them to thrive for a long period out nP 

their natural habitat. Teeth are present in tha jaws, vomer and 

pilate, some of which are coriical in shape. The dorsal fin is 

spineless; long and single., The anal fin ia almost similar to dor.sal 

except it is shorter• Pectoral as well as pelvic fins are present in 

the t.hor.acic region. Sc-alos are aith.0r large,. moderate or small. 

lateral line is abruptly curved and almo.st discontinuous. Air tube 

(sac) is present• F'ew numbers of pyloric appendages are present. 

2 •. 1.1. Synopsis ~f Speciess 

The morphologi~al characters for different species as 

described by D$y (1878} are as follows:-



1 • Channa striatua 

2. Channa barco 

6. 

D.J7c;.45, _Ao, 23•2611 L.l .. SOooS7_, L,.tro • or 

~ i' t ro• Dal!'k g:ra~ passing in stripes nto he 

white of the abdomen, 

. . . . . . s 
,Do 47•52; Ao 34•'6' lol.~ 60c.65, Lotro f1• 
Ventral ith of length of _pectoral; dark 

vlolat, spotted• a$ ate also the fins. 

3 •. Channa gunctata1 o. 29•32, A. 21•230 Lol,. 37•40; L.tro ¥ . 
Spotted or banded; vertical fins dark with 

a light edge. 

4e~ Channa stawattii o. 39•40, Ao 27, L.l. 47 .. 50, L.tr. ~ 
. \lentrals rrd as long as pectoral, purplish 

spotted with black• 

s. Channa orientalis o. 32•37, A. 21•23 0 L.l. 40 .... 45, L.tr. +• 
Vantralo 'ith as long as pectoral; pectoral 

~ina banded; vertical fins edged with redo 

2o192o Synonyms: 

1. Channa striatus {Bloch) 

(i) Ophiocep_halus a..triatus Oloc.h, t~aturg,. Ausland~ tische •• 2; P• 

14t, pl. 3$9, 1793; type localit;yl r"ialabar. Gunther., Cato F'ish. 

Brit. Mus., 3, Po,.474, 1861. B·leel<er• Varh. ,Bat. Gan., 25, p.421 

1853o Day., f"iah. ·India, p~~366.1 181'6. Day, Faun. Brit. ind. f"ish., 

2, p.J6l, 1889. Shaw and Shebbeare, J •. Asiat., Soc. Bang., 31 p.124; 

p1.40 fig.4., 19.'7.~ .North Bengal. Menan, Rae. tnd. Mus. 0 52• P•22t 

1954• Men!pur. 

(ii) Ophiocaphalus ~rahl Lecepeda'a (Buffon) 1 Hist. Nat• Poiss. 1 3, 
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p.S52; 1802; type localityi Tranquebar; Hamilton, f'i.sh. Ganges, 

pp.60; >67;, pl.>1, fig.17., 18 .. 22~, 

(J.i!) Ophiocephal,u.s che.n.a Hamilton,' f'ish. Ganges., po6.2, 1822. Type 

- locality: Goalpara, Assam. 

(iv) Oghiocephalus plan,i,caps, Valenciennes (in C!l & \1,), Hist. Nato 

Po iss •, 7, p o424, 1 831g t ypa l.ocality: Jav.a, 

(v) Ophioc.aphalus sowat'ah 9le.eker0 Nat. Geneesk. Arch. Ned. l':ldie, 

2(3), p.519, 1845. 
~· - \ I 

· 2. ·Channa barca (Hamilton) . ' 

(i) O.eh,io,c,ep_h~,~u.s .. bar.ca Hamilton.; f'ish. Ganges, pp.6~~ 367; pl.351 

· fig. 20, 1822; type lQcality: R.Srahmaputra, near Goalpara, As~amo 

Cuvier. (in C• & v:.J Hist, ~Jat~t P.oiss •. , 7.t po436 11 .1831.• Gunther• 
. ~. . 

. ' 

Cat11. F'ish. Brit. Mus., J, p.47,7, 1861 •. Day; f'ish. India. p.365; pl. 

77, f'1g.2; 1876• Day.; F'aun. Brit.~ India f'ish,, 2., p.361 0 fig•118 0 

1889 .. , 

(ii) Bora c,h.u,nQ Russell, J • Asiat •· Soc o Bang., B,, p • 551, 1839. 

(iii) Op,hio.cap,hia,lu,$ a!l\Phibiua McClelland, Calcutta. J. rJat. Hist., 
. ' ~ ' . 

Si p.275 (Vol.1~ pl~11, fig~3~ 1841)~ 1845= type locaiitys 

R .: Chail (tributary oP Brahmaputra)'· Bhutan. Shaw and Shebbaare 1 

J. Asiat.,' Soc. B~mgl, J, p.119, pl~. 1 .and 6, 1937; North Bengal. 

'· Chsn~a riunctata (Bloch) 
1 l I . 

(i) O,e,hioce,p,hal,Y.s. gung~atus, Bloch, Naturg~s. ausland. f'ische.t; 1, 

P•139, pl.35B., 1793; type locality: Qoromandel coast. Bleeker, 

~erh. 8at. Gen.~ 25, Pe42~ ~853. Gunther, Cat• Fish. Brit• Mus., 
. . ' . . 

J, p.469, 1861. Oay 0 F'ish. lndia 0 p,J67 0 pl.?B1 Pig.1, 1876. Day,-
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F'a~n~'Brit.·l~d. fish •• 2, p~l64, 1889. Shaw and Shebbear•~ J. 

Asia~. Soc• Sang~, :;, p•123, pl.4, fig•1, 193?; fdorth Bengal. 

HQra, Rae~ lnd. Mus., 39, p.44~ .. 19'7~ N~pal. Menon• Rae. Ind. Mus •• 
. . 

47~ P•2l51 1949# R~ Koai1 East Napal• Ragan, Rae• Ind• Mus., 1, 

p .1 sa=• 1 907; tdspal • 

( ii) Ophiocsphal~u.s; k,a,rruwax lacapade • s (BuPfon) 11 tiist. Nat • Po iss., 

:;, p.552, 1802; type locality - Tranquebar• 

(iii) OP,hioceehalus~ ~Hamilton~ F'ish. Ganges, pp.t63, 367, pl. 

34~ fig~18~ 1822;'type· locality• R. Ganges. 

p.5~3i 1842; \ype l9cali~y: LoQdianah ~~d Jall~la~~d,.BJ,eker1 · 

Ver"'• Bat .• Gen .• , 2s, p.~2, 1853;; 

(v), Ophioce,eh,alu9 af'finis· G~inthar, Cat • fish. Brit • Mus., 3, p .470, 

1861; type locali'y' Mauritiu~• . ~ ) . 

(vi)' Channa punc,tat,a, De Witt, S·tanf"ord Ichth. Bull., 7{4)., P•B21 

1960, r~apal. 

(vii) Channa e,;;;u,;.;;n,;;;e..;.t-.a .. t-.us-. Manon~ .. Rsc. Indian Mus.; 52 .. po22, 1954, . ------ -·. .. 
Manipur. 

' ' 

4. Channa stawartii (Playfair,) 
1 ' • ~ 

(i) Cfphiocaphalus stawartii Playfair, Pt"oc. Zool" Soc. Lond., p.14, .,_ 

pl.31 1867; ~ype localit~: Cachar, Assam. Day- f"ish. India, p,3671 

pl.??, fig.3; 1876. Day, f"aun. Br.it. Ind •. F'.ish.,, 2. · pe363, 1.8,89• 

Shaw and Shebbeara, J. Asiat. Soc. Beng., :;, p.12J1 pl;o4, fig.-3 1. 

1937·J i~orth Bengal•· f-lenon, Ra·c •. lnd·. Mus .• , 47 1 p.23.5, 194.9; typa 

locality: ;R. Kosi, ·Eas·t Nepal. . 



5.. Channa orientalis (Schneider) 

(i) Ophiocephalus gachue Hamilton, Fish~ Ganges1 pp.6B, 367 0 pl. 

21, 1622; Bengal. Ble.eker, Varh~· Bat~• Gsn., 25,- P•42, 1853. 

Gunther, Cat .. f"ish. Br.it •. MUS;••· J, p.47t, 1881 '!'· Day, f"iah. India11 

fh367• 1876. Day; f"aun. Srit. Ind. rish •. , 2; p.364, 1889,. Shaw 

and Shebbeara, J. Asiat. Soc•· ·sang., 31 p •. 121, 1937; i~orth 
' 

Bengal~ t~anon• .·J. Bombay i~at• Hist. Soc., 48(3),· p.54o·, 1949; 

Kumaon ... Manon,· Rec. ·Ind.' ·Mua.,, 471 · p~229·; Hoshi'arpur. 

'. 

(ii) Ghanna .orieniHJlia. Schnaid.ar, Sy.st., Ichth'! .Bloch,. p.-496,, pl. 

,90, ri9.•21 180.1; type loc.alityt ,India. Gunther, Cat., f"1ah. Br.J.t ... 

M~a.,. ·'' p.4.83 0 ,981• Day, .. rish• India; p.367, 1876·. Day, f"aun .. 

Srit. Iod • f"isho, 2• p o365, fig •. 119, 1889, De t~itt, SttlnfOrd 

lchth. Bull., 7(4), p.at, 1960g tJepal. 

(iii) Ophioc_ep,h,alus .aurantiacus .Hamilton, Yish" Ganges; pp.~9, 

368., pl.23, f'ig•22t 1822; type locality: Goalpara, Assam. 

(iv) Oph~ocephaluna li.mbatus Cuvier (if' c. & V.), Hist. Nat. Poias., 
• . . .I 

; . 

(v) Ophiocephalua···coramota .Cuvia:r (in C. & V.), Hist• .\\lat. Poias., 

1, P•414.(from Russel, pl•11, p.49)~ 1831; Vizagapatam. 

(vi). Ophioce.ehalus fusca Cwier (in Co & v.,); Hist. Nat. Poiss .. , 

7, 414, 18.31 ~· 

(vii) Ophioc,aphal.usn margina,t,us Cuvier (in c •. & v.), His~ •. Nato 

Poiss, 7, p.411~ 1831.; type loca~ity: Pondicharry. 

(viii) Ophiocephalus montanua McClelland; Calcutta J. Natj Hiat~, 
- I , d I """"---......... --

, 2, P•SB3, 1842; type locality: 'Baisoot, Jallalabad, Himalayo and 
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(ix) Ph,i,lypnoi,da*s surakartsnsis Bleaker; \/erh. Bat. Gen., 22; P• 

1 9,· 1849. 

(x) Ophiocaphalu$ kelaartii Gunther• Cat. Fish. Brit. Mus., 31 P• 

472, 1861; type locality2 Caylonw 

{xi) O.ehiocaph~lus, Slachu.a. malaccensis Peters, l'-1onatsber. Akad. 

\'lfiss. Berlin, pe2621 1868. 

(xii) O,ehioc,aphalua harcourt butler! Annandale, Rae. Ind. Mus., 

141 Po541 pl.2, fig.?; pl.41 fig.161 171 1918. Hora, Rae. Indian 

Mus~, 22, Po20S, 1921; type locality: Manipuro 

(xiii) Channa burmanica Choudhury• Rae. Indian Mus., 161 p.284~ 

pl.221 fig.4 1 1919; type localitya R. lrrawady., N ... Burma. 

(xiv) Channa ~achua Mant)n;; R~c:;~ Initian Mus., 521 p.22, 1954; Manipur. 

2•2• Taxonomic status: (GreenWOod ~. it!.• 1966) 

Ptwlum • Vertebrata • 
Sub .. Phylum • Craniata • 

Super•class : Gnathostomata 

Series : Pisces 

Class a Teleostomi • 
S1.,1b•class : Actinopterygii 

Super•or.dar : Acanthopterygii 

Order 3 Channiformes 

family • Channidaa • 

Ganus • Channa (Seopoli, 1777} • 
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Species • 1 • c. striatus (Bloch) • -
2· c. bare a (Hamilton) -
J. r;. punctata (Bloch) ..... I 

4. Co - stswartii_ (Playfair) 

5. c • . Qrientalis (Schneider) -
2.3. Distribution and Collection Sites: 

This group qf. fish ·is distributed throughout India, Burma 

and Ceylon. They inhibit from el~vatsd localities and most inland 

districts to within th.a range of ~ides. They generally live in 

holes or grassy•edgas of ponds, lakes, str$ams or_rlvers~ They are 

able to changa·theit habitat by traversing through l!lOist plece of 

ground,. 

All these five Channa species were collected over a period 

of three years or so from freshwater bodies like streams. ponds1 

lakas etc~ in and around Gauhati (Assam) and Shillong (Maghalaya). 

Channa otiantali~ W!llS mostly collactad from the streams of Shillong 

and adjacent areas. All other spacias ware collected from plain . 

areas with occas-ional catch of Channa stewartii and Channa e.uncta,ta 

from Shillong~ 

2.4, Morphometriq Measurements and f-iaristic Counts : 

2.4.1• Morphometric Measura.ments':• 

The different parameters employed, to study the general 
- . . .. 

morphological .featu-:rss of _tha differe11t _fish, ~pecie_s, are adopted 

from Rlck~r (1971). These are :o 

(1) Total length (TL) ~ Thie is tha greatest ~ength of tho fish from 

its anterior-most extremity to the end of 

the tail fin. 
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(2) Stahdard leng\h (SL): It 1~ the greatest length of a fish 

frorn its anterior•most extremity (mouth 

closed) to the hidden base of the median 

tail fin rays (where th_ese meet the 

median hypural plata). 

(3) Body depth (BO): this is taken at the deepest point, exclusive 

of fleshy or scaly structure at fin base. 

(4) Head length (HL)I This is measured with mouth closed from the 

tip of the snout or upper lip (whichevor 

extends farthest forward) to the posterior 

edge of the opercular bone or to the 

extremity of the membrane margining the 

bone but excluding the opercular spines. 

if these are present. 

( 5) Head width (H\~); This is the greatest dimension with gill 

covara closed in normal position. 

(6) Snout~i'length (Sn;Lh This is taken ·with divider from the most 

anterior point on the snout or upper lip 

(whichever axtends farthest. forward) to 

the front margin of the orbit. 

(7·) Post•orbital length of Head (POL): This i~ the greatest 

distance between the hind margin of the 

orbit and the body opercular margin. 

(8) Subot-bital depth• This is, generally taken from the bony edge 

C)f the orbit to the suborbital or pre.• 

orbital margin at its deepest point. 
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(9) Inter-orbital width (lOOh This is th~ least bony width frQm 

orbit to orbit. 

(10) ~Eye diameter (ED)# This is taken as length of orbit., the 

gre~t.est _.distance between the free 

orb.ital edge and is often. oblique. 

( 11) Lower jaw langthi lt is the length of' the mandible taken with 

one tip of the divider inserted in the 

po$terio1:' mandibular· joint to give the 

maximum possible dimension. 

(12) Uppe~ jaw lengths It is taken Prom the anteriormost point of 

the-premaxillary to posterior point of 

maxillary• 

. ( 13) Gape width: this is the graatest transverse distance across 

t.he mouth opening; with the mouth closed. 

(14) Pre-dorsal length (POL): Ointanca from the tip of the snout 

to the first dorsal fin ray. 

(1 S) Head depth (HO)I This is the perpendicular distance between 

the end of the nape to the ventral side 

of the heado 

(16) Girth (G); C.i.rcumferenca of the body at its deepest point. 

(17) Base longth of the Dorsal fin {ore). 

(18) Base longth of the Anal fin (AF'B). 

(19) Haight of the Pectoral fin •. 

(20) Ha.ight of' ths Palvic fin. 
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(21) length of tho Caudal fin~ 

(22) Oistanee bot.waan the Pelvic fin and Anal opening .. 

(23) Oiatanca between the Pelvic fin and Anal fin. 

2.4~2• Meristic Counts: 

(24) Scala counts: 'Lateral line scales• represent the number of 

pored scales in the lateral line. 'Scale 

above tho later-al line' al!'e counted from 

the origin of. the dorsal fin including 

the .small scales and counting downwards 

e~nd backward too, but including the 

late:t-al line scala. 'Scales below the 

lateral line* are counted similarly to 

those above but upward and forward from 

the origin of anal fin including the 

small scalE); SQmetimas caudal peduncle• 

scal~s are also considerado The scales 

present in the head regions are also 

counted•, 

(25) Number of rays in Dorsal fin. 

(2&) Number of ~ays in Pectoral fin. 

(a7) Number of r.ays in Pelvic fin• 

(28) ~Jumbar of rays in Anal fin. 

(29) f'Jumbet of. rays in Caudal rino 

2·4~3• Regression Equation and BiometJ;ic Inde.xs 

Besides these pa~ametara~ the colouration o' the fish, ~ex 

and weight are also takan into consideration. All tha above mentioned 
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parameters are considored from one particular side of the fish. To 

.study the mo~:phomet.ltic characteristics; a regression method has 

been Qmployect with the f'ormula: 

\.JhE)ra, • x• is the variable character; 'a• ia a constant value to 

be determined~ 9 b 9 is the regression coefficient and •v• is the 

total length. The values of 'a' and 'b' are determ~nad by the 

following formula: 

--XV ~- nxy 
b = -~--........... 

x2 
<li!>· n(x) 2 a = V -- bx 

Where n is the total number of' ~angth groups; x is the mean of' 'X·' 

and i is the mean of •v•. 

Biometric index Por each .species has been calculated out as 

described by Tobor (1974)• by taking the following parameters in 

relation to the total length and head~~,length as mentioned below~· 

Standard len9th, Body depth~ Girth, Head longth1 Head width, 

Head depth, Pra~dorsal length, Base of Dorsal fin and EJase 

length of Anal fin in relation to Total length, and Eye 

diametdt1 Snout length, lnteraorbital distance1 Post-orbital 

qiatance, Head width and Head depth in relation to Head 

length, have bean considered. 
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:;.1. rV~orphometry and ~hristic Counts of Channa striatus. 

:;.1.1. Morphometry : 

The results obtained on· morphometric study of Channa 

striatus have been presented in Table•1 and summarised balot!J : 

T,ota,l len9t,h,: Tha mean value of total l~ngth (em) is found 

to be 27.67 em. with a range from 1a.a to 33.4 em. and in 

percentage of ~t~ndard langt~~· it ~s found to ba 114.34. 

Standa.r,d, lonsth: The mean s~anda.rd length is recor.dad as 

24·2 em. and the range of standard length is found to be. 1·6 •. 5 to 

28•8 em. 

Body depth: The mean value of body depth is found to be 
' . 

3.82 em. When expressed as percentage of standard length it is 

found to be 15.79 .• The ran.ga extends from .2.65 to 4 •. 5 em. 

· Head length: The mean valua of head length is recorded as 

7.42 em. with a range from 5.4 .to 8.-7. l~en expressed as 

perc~ntaga of standard length it is found to be 30.66. 

Girth: Tha mean value of girth as recorded is 12.26 em. and 

when expressed a$ percentage or standard length it is found to bs 

50.68 .. The ra.ngs varies between 9 .. 1 and 14,.4 em. 

Pre .. dor.s,al length,B The mean value f"or pre-dorsal length is 

recorded as 8 ·~14 em and the range varies bet wean 6.05 and 9. 66 em • 

t-Jhen the maan value is expressed as percentage of standard length 

it is Pound to be 3J.64. 

Oo~sal fin PAS~ lenqtry: The mean valua for dorsal fin base 

length is recorded to be 1J.8J em., whereas the range is from 9.,7 
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to 16•·2 cm". t.Jhen expressed as percentage of standard length it 

is found to be .57.13. 

Ana,l fin base l~ng,t,h.: The moan value for anal fin base 

length is rocorded to ba a.s3 em. Tha range varies between 5.65 

and 10.2. When it is expressed as percentage of standard length, 

it' is found to be 35.25 •. 

Hei,aht of dorsal f,i,n.: In this case, the mean value obtained 

is 2.26 em. When it is expressed as percentage of' standard length, 

it is found to be 9.94. The minimum and maximum values are 1.35 

and 3.05 em. respectively. 

He,ioht of pectoral .fins: The m~an value for this parameter 
• ii J • I I & 

is 3.$5 em. with tha minimum and maximum values of 2.0 and 4.6 em~ 

respectively. wt'len converted as percentage of standard length it 

is recorded as 14.67. 

H,a,i~t of pelv,ic, fitU The metan value for pelvic fin eheight 

is found to be 2.61 em. \.Jhan expressed as percentage Qf' standard 

length it is found to be 11.04. The range for this parameter varies 

betws~n 1.8$ ~nd 3.4 c;m. 

Heiant of .Anal fin; The mean value is found to be 2.0:5 em. 

\vhen expressed as percentage of standard length it is recorded to 

be 8•54. The ranga varies batween 1o25 and 2.45 em. 

length of ,caudaJ fin,: The mean value for this parameter is 

found to be 3.49 em. The minimum and maximum values recorded are 

2,3 and 4 •. 6 em. lrJhen the mean value .is expressed as percentage of 

standard length it ia found to be 14.45. 
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Distan_ce batwaan pelvic .fin to anal opening: The mean value 

for this par.ameter is foun~ to .be .4.29· em •. When it is expressed as 

percentage of standard longtht it is ftiund to be 17.?3. The range 

varies between 2.6 and 5 •. 4 em. 

Distance between pelvic fin to anal fin: The mean value for 
:1 C _. J I I l I I l f 

this parameter is found to be 4•48 em. When expressed as per.centaga 

of standard length it is found to be 18.51. Tile values range 

between 2 •. 9 and 6.5 em. 

Head wldthr ·The mean value obtained for this parameter is 

3.71 em. with a minimum and a maximum value of 2.8 and 4.6 em. 

ro$pactivaly.: When expressed as percentage of. standard length it 

is observed to bo 1 5 •·'' it< 

Head. depth: .. The mean value obtained for this parameter is 

lo11 em. When expressed a~ percentage of standard length it is· 

found to be 12~85. The range varies between 1.9 and 3.95 em • 

. irf'\O,ut },e.n.qt,hl T~e mean valu~ for snout length i~ calculated. 

out to b$ 1.51~t ~an th!s is e)(presaed as percentage of head length 

it is found to b~ 20~t,,5o· The value fangas betl.U9en 0,.9 .and 1.8 em! 

Eyg diame'ter• The mean 'aye diameter for this flsh is found 

to be o.,9 em. ~.Jh'en this is converted to percentage of head length 

it is found to' be 12.13. The value ranges between o.7 and 1.1 cmq 

Pos.te;.orbit.al lennt.hi The mean v·alue for poat•orbital length 
~ .a ' m 

is found to be 4t~69 em" mith the minimum and maximum values of 

3.65 and 6.1 em •. respectively .. When converted the mean value as 

percentage of head length it is found to be 63.21· 



Table~1 $ Morphometric Analysis of Channa striatus 

Parameters 

Total length 
Standard length 

Body depth 
Girth 
Head length 
Pre-dorsal lsn~th 
Dorsal fin base length 
Anal fin base length 
Height of dorsal fin 
Height of pectoral fin 
Haight of pelvic fin 
Height of ~nal Pin 
length of caudal fin 
Dist. batn. Pel.F. to Anal.Op. 
Oist. betn.t Pel oF'. to Am;tl•f' • 

liead width 
Head dapth 

Parameter-s 

Snout;; length 
£ya diameter 
Post. orbital length 
Sub-orbital length 
Inter orbital distance 
Up par jaw length 
Lower jaw length 
Gape 

l'-1ean i'-1aan % 
(em) standard 

length 

27.67 114.34 

24·2 
3.82 15.79 

12.26 50.68 

7.,42 30.66 
9.14 33.64 

13.83 57.13 

a.sJ 35.25 

2.26 9.94 
3.55 14.67 

2.67 11.04 

2.03 8.54 

3.49 14.45 

4o29 17o·7J 

4.48 10.51 

3~71 15.33 

3.11 12.85 

Mean r-1ean % of 

Range (em} 

18o8 • 33~-4 

16.5 - 2a .a 
2o6$ • 4o5 
9.1 ~- 14o4 

5.4 -- .8.7 
6.05 .. 9.65 
9.7 - 16.2 
5.65 - 10.2 
1.35 ~ , •. os 
2·0 • 4.6 
1 .as - 3.4 · 

1.25 Q 2.45 

2.3 - 4.6 
2.6 ... 5.4 
2o9 • 6.5 
2•8 .,.. 4o6 
1.9 ... 3.95 

(em) Head length Range 

1.51 20.:55 0.9 -1 .a 
0.9 12.13 0.7 .. 1 <11 

4.69 63.21 3.65 - 6.1 
0.66 8<189 o.s • Oo9 

1.79 24o12 1.25 .. 2 .. 1 

3e02 40.70 2.2 .. 3.4 
3.23 43.51 2•3 - 3.8 
1e~4 18.87 1.2 - 1·7 
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Sub-.o,r~i,tal, length: The mean value or this parameter is 

~ecorded to be 0•66 em •. which is a.a9% of the mean head length. 

The value rangos between Ott5 ~nd 0 .. 9 emo 

Int,er•orb,it,al dis.ta,ne,e,: The mean value f'or this parameter 

is fo'und to be 1. 79 em. tlftlan it is expressed as percentage of head 

length, it isr found to be 24.12 .• The range varies between 1 o25 and 

2.1 em. 

Upper jaw lenqt,ht The maan value for thi.a parametaJ!' is found 

to be 3.02 em. with the minimum and maximum values of 2.2 and Jo4 

em. respectively. Whon it is. expressed as perceqtega of head 

length, it is found to be 40o?O. 

Lowe.r jaw lanqth: The mean value- for this parameter is 
rw ? ' r- s J 

recorded to be. :S•23 with the minimum and maximum values of 2,3 and 

:; .a cmq respectively. Wh~n it .is expressed as percentage of head 

length, it is-Pound to be 43~51• 

Gape width:. Th~ rnaan value f'o.r the 9ape is found to be 1 .4 

em• When expressed as percentage. of" head length it is found to be 

1 a .97 c.. The minimum and. maximum values l'acordad are 1 92 and 1 o7 em. 

respectively. 

:;.1 ~a·· r1aristic counts 

The details ·or ·meristic counts are given in the Table..-16 

and summa~isect aa. follows 1 

D,ot"sal, fin rays.: The mean value is found to be 4:J"5• The 

range vai'ies between 41 sind'46o 

~-e,ct,or,a,l fin ra,xs• The mean value is 15.86, which varies 

between 15-18. 
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Pelvic fi_n rays: This is found to 6 and observed to be 

constant•, 

~nal .f'in rays: The moan value is found to be 26.86 with the 

minimum and maximum ~alues of 26 ~nd 28 respectively. 

£,~udal f'in r_.avs,: The mean value is found to be 1 5~43. This 

ranges' between 15 ~nd 16. 

Lateral Jine sc~las; The mean number is recorded to be 60.07 

which varies between 57 and 61. 

Tranavarsa scales: The m~an value obtained is 7.93/11.03. 

This varies batwean 7'/1(}~ to S~/11i· 

3.1.3. Regression equation! 

Tho r~grassion e~uations for various morphometric parameters 

studied for Channa atriatua are presented in Table-2. 
' ' . . . 

3 .1.4• Biornetri·c Ind:i'ces 
IJ r _ 

f'or all the characters '(morphometric) studied, a mean 

biometric index ·for each 3.0 em, length.group has been analysed 

and presented in r·ab1~3; F"ig•. 2 • 

.3.2. Morphometry and Meristic Counts of Channa barca • 

.3.2.1• Morphomatr:t 

The results obtained for morphometric measurements of Channa 

ba,r,s~. have b~sn pres.entad in TablaCI!'4 and summarised be~ow : 

Tota~l length: The mean value for total length is found to be 

25.51 em. ~..then. expressed as percentage of standard length it ~9 · 

found to bQ 107.37. The value rangas between 17.5 and .34.5 em. 



T'able•2 ·: ·Ragl:'e:ssi·on Equations: on Horphometric Parameters of 
Channa striatus 

Parameters Regression Equations 

Total length (V) \fS ._ Standard length (x) y = ().1754 + 1.,1264 "' 

Total length (V) · vs. Body depth (x) y. c: 2.1002 + 6.6428 X 

Total length (V) ·us._ Girth (x) v = 2.5926 + 2o1394 X 

Total length (Y) vs. HGtad length (x) v = ,.,,6740 + 3.7769 X 

Total length (V)' us., Eya diameter {x) :V ::.:: 1 •. 6014 + )1 •. 2631 X 

Total length (V) vs. Snouthlength (x) v = o~6oo4 • 1a.2222 x 

Total length (V) us:. PostC:IoOrbital l·ength (x} v ::: 1 •. 9164 + 5.,4745 x. 

Total length (V) vs .•. fnt·erc:oorbital l.angth (x) V = 0 .•. 5001 + 15 •. 3809 x· 

Total length (V) \JS. Head ·depth (x) v = 0.599'4 + 9.111 X 

Total length (V} vs •. Pra..;.dorsal length (.x). v = 0 •. 6236 + ) •. 2044 X 



., 
Table ..... ) : Biometric Indices in diff'-sr·ent length groups of £tta-nna, striatus 

Pa~ameters 'GROUP 1: GROUP II GfWUP I~I GROUP IV GROUP \1 GROUP VI 
18 •1-21 .:0 em 21 .. 1-24o0 em 24 .;1 c.27 •. o em 27 •. 1-30 .. o em 30.,1-33 .. 0 em 33~1•36.0 em 

TL/SL 1 .• ;14 1.14 1 .,15 1 ··14 1.14 1.16 

·rL/SD 7.,12 1.6s 7.1& 7-.08 7.37 7.42 

TL/Girth 2.09 2o·39 2.-.33 2.:22 2 •. 28 2.32 

TL/HL · 3.51 3o92 3.65 3.68 3.>81 3.98 
/· 

TL}PDL 3.1.5 3.72 3 .. 39 3 •. 39 3 •. 42 3.67 

. TL/Df'B 1-.:97 2o"OB• 2 .• 01 1 ~95 2.03 2.06 

Tl./AF'B 3.37 3 .. 54 3.54 Jo-24 3.28 3.34 

TL/HW 4o69 7.41 7o.45 7.'15 '7 •. 52 7.26 

TL/HD 9 •. ? 9.,1.2 :9.,92 a •. 97 Bo.$2 9.15 

_HL/ED 1.;9 7•75 '8.29 a-.JJ· 8.38 7.64 

:HL/IOD 4.-32 3 •. 88: 4.·08 4.~7 4.19 4~0 

HL/Sn.L. ·-5.82 ·s •. 11 5.'11 4 •. 75 4.77 4.67 

HL/POL 1 .·sn 1.48 1.43 1.-47 1.42 , 1.46 

HL/HW 1.8;3 , •. 98' 2.11 2o-04 1.;94 1.91 

·HL/HO 2 .. -77 2.38 2.45 2.44 2 •. 24 2.3 
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Standa!d length: The mean value for standard length 

obt~inad is .2Jo76 em• The rango varies between 14.9 and 29,.$ cmo 

·aod-~ da,et,hs Tho ·maan ~a~u~ .is _racordad t.o be 3 •. 51 em. When 

exprasasd as pQ~cantcge of standard length it is found to be 

: 1·4.17. The tang~ vaties between 2•25 and 4.7 em. 

Girth: Tha m~an girth obtained is 11.39 em;; When converted 

: as parcant.aga. ·Qf ·standard length it i's recorded to be· 49 .• 93o. The 

value varies between 7 o9 af1d 14 •. 9 em. 

Head l.e,ngt~i The mean val.ue for this parameter is found to 

be 6.9:3 em. with the minimum an.d maximum values of s.;o and 8e95 

cmo· respectively.· When expret;ised as percentage ·or. ·sta·nda'rd lt:mgth 

it i& found to be Z9o11 • 

. Pre.e!odorsal length: The mean value for this parameter is· 

found to be ?o56 cmo ;with the minimum and maximum values of !h3 

and 10.2 em, respectively. When expressed as percentage of 

standard length it is found to be 31.82. 

~orsal fi~, .ba9.e lengt~h: The mean value of this parameter 

recorded is to ba 1J•·54 em. The range varies between 9.J5 and 18o7 . . . . ~ ., . ~ . ~ . . .. 

em. When converted as percEJn~aga of stand$rd le'ngth it is found to 

be 56.999 

Anal fin bas.a. length: The maan value is found to be 7. 71 

em. The raryga _var,i-es_ ba~waen 4.9 ~nd .11 !0 C~· Wha~ expressed as 

P$1'Centaga or ~tanda~d length it is found to be J2.45o. 

He!iht of dorsal fin: The mean value for this parametor is 

recorded to be 2t15 cmo The value ranges betwa~n 1•3 and 2•95 em. 

When expressed as percentage of standard length, is found to be 9.63. 



table•4 1 r~orphomatl'ic Analysis of' C,hann@. ,bca,;: •. CCA 

·(ea) f"'fa.an % 
(em) Paramatar$ em standard Raogo 

length 

Total length 25o51 107.37 17 •. 5 -34o5 

stand~rd length 2)~76 • 14.9 ·- 29o5 

Body depth :; ~ 5.1 14.77 2~25 .. 4.7 
:.\ 

Girth 11.39 47~93 7.9 - 14c.9 

Head la"gth 6.93 29.17 s.-o Cit a.95 
Pta .. dort=Jal length 7.56 31.82 s.J ..... 10.2 

Dorsal fin ba.$8 length 13.-54 56.99 9.35 - 18.7 
Anal fin baas length 7.71 32.45 4~9 a;il 11.0 
Height of dorsal fin 2o1' 9.63 1oJ ..... 2;;.95 

Haight or pectoral fin 3o34 14o06 2o,2 "'l'' 4.6 
Height-of' pelvic- 'f>iri' 2 .. 43 10.23 1.6 ·- 3.2 
Height of anal fin 1.75 7.37 1.1 - 2o35 

Length of' caudal Pin 3o75 15.78 2o6 Ill> So.O 
Oiato botn. Pelof'oto A.opening lo41 14.35 2o1 - 4.7 
Oisto betn. Polof'oto Anal f'i-n 3.83 16~.13 2o5 Cl 5o15 

Head width 3.62 15-.24 2o25 • 5o4 
Head daptn loOB 12.96 1o9 - 4o3 

Parametara t4feen MQan % of Range (em) (em) Head length 

Snout length ,.,46 21o07 1.1 -1.8 
tyo diamater 0.82 11o8' Oo65 ·• 1.0 
Post orbital length 4eS2 69.SS 3.15 • 6oJS 

Sub•orbital length Oo64 9o24 Oe5 .. o.?s 
Intar•orbital length 1 o62 23.31 1.1 .. 2o2 

Upper jaw length 2 .• 74 39o:49 2o1 .. '·' Lower jaw length J.OG 44o20 2o3 .. 3o8S 

Gaps 1o16 16.69 1.05 .. 1olD 
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Height of pectoral fin: The mean value is found to be 3~34 

em., for this· parameter. The minimum and maximum values are 2.2 

and 4o6 em. respectiv~ly. Wha·n e"pressad as percentage of standard 

length it is found to ba 14.06 .• , 

Haight of pelvic .fin: The mean value is found to be 2.43 em. 

The value tanges between 1.6 and 3.2 em. When expressed as 

percentage of. standard length it is found to be 10.23. 

Height of' a,nal fin,: The mean value for this parameter is 

rocord~d to. be 1.75 .em. The mi.nimum and maximum values ara 1~1 

and 2o3·5 em. respec1riveiy. t'!lhe'n this ''is converted as percentage 

of s'tandard. length i.t is found. to be 7.37., 
' . . . 

Lt?n~t.h of caud,al fin: The mean value for this parameter is 

found to be. 3.75 em~. with a ran9e betwaen 2.6 and 5.0 em. t"hen 

·expressed as percentage of standard length it is recorde.d to be 

1 s. 18. 

Dis,tance bat\!f'Jen eelvic. f.in ,t,o anal ope,nin!V The mean value 

for. thi~ parameter is. found t·o. be 3.41 em. The value. ranges between 

2. 1· and· 4.7 cmo \\lhen expressed- a$ percentage of standard length it 

is found to.be 14~ls;. 

Head· wi.dth: The mean value for this parameter is found to 
r 

be 3.62 em •. The value. ranges between 2.25 and 5.4 em. When 

expressed as parcentage.oP standard length it is found to be 15.24o 

Head·dapth: The mean value for this paramete~ is found to 

be ;s.oa em. The minimum and maximum values recorded are 1.9 ~nd 

4o3.cm. respectively •. When converted to percentage of standard 

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

be 1.46 em• The maximum and minimum values recorded are 1.8 and 

1.1 em. respectively. l'lfhen expressed as percentage of head length 

it i~ found to ba 21.01. 

£yo diameter: The mean value for this parameter 19 found 

to be 0.82 em ... The range varies between 0.65 and 1.0 em •. When 

expressed as ·percentage of head length it. is recorded· to be 11.83 • 

. Poat, .. orbital length,: The mean value is found to be 4.82 em. 

The value rangaa' between 3.15 and 6.35 em. t-Jhen expressed as 

percentage of head length it ~s found to be 69 •. 55,. 

_Sub-orbital le~gt~: The mean value for this parameter is 

found to be Oo64 em• .The value varies between o.s and 0.75 em. 
. . 

When expressed as percentage _of head length, it is found to be 9.24. 

lnter•orbitai lanat'1,.: .The mean value for this parameter is 

found to be 1 id52 em. The minimum and maximum values obtained are 

1 o1 and 2. 2 em. respect ivai y ~ trJhan. expressed as percentage 0 f' 

head lengt~ it is found to.be.23.31. 

Uppera J,a.w ·lan9th: The ~ean value is found to be 2.74 em. 

The minimum and max-imum values racordad are 2 .. 1 and 3.3 em • 

.respactiv~ly. t-Jhen expressed ::as: percentage of head length it is 

found to ba 39.49 •. · 

Liow,ar, jaw ·length: The ~ean value is found to be 3.06 em. 

The values· ranges. between 2.·3. and 3.85 em •. When expressed as 

percentage of t:'ead length it is 'round to be 44 •. 20. 

Gape widthi The mean value for this paramator is found to 



Table•S : Ragr.a.s.slo:n Equations o.n l'-1orphometric ·Parameters of Channa bl:lr«;~-

PaJramatero Regros.sion (quat· ions 

Total length (V) vs •. Standard length (x). y = 2.9527 + 1o0694 X 

Total length (Y) vs;. Body dap:th (x) . . v = 1- •. 0602· + 7.~0545 X 

Total length ·(v) v.s. Girth (x) V = 0 •. 8219 + 2!t.2602 X 

Total length (V) vs ... liaad ·length (x) v = 1'.5021 + ).,7079 X 

Total lengt·h {V) \fS •. tya diamot·o.r (x) V :: 2 •. 156) + 31.:6250 X 

To·tal l·ength (v) \IS:. Snout lanqth (x) V = 1 o;4)08 + 14o-J46' )( 

Total lengt•h (¥) \IS. Post-urtdt.·al la-ngt·h (x) v = 2.0632 + 5.o·1487 X 

Total length {V) VS •. lnt.er•orbital length (x) V = 2o1275 + 13.6414 X 

Total length (V) vs·. Ha~d ·depth (x) v = 2 •. 3761 + 7.9591 X 

Total le:ngth (V) tts., Pr.e-dorsal le.ngth (x) v = 1·.098·9 + ,.2849 X 

;. 



. ~~-6 f Biometric .Indice:s; in di ffare.nt length groups. -of Channa bar ca. •· 

Parameters 

TL/Sl. 

TL/BD 

TL/Cirth 

TL/EL 

Tl/PDL 

Tl/OF'8 

TL/AF'B 

TL/til~ 

TL/HD 

HL/ED 

HL/100 

HL/POL 

HL/Sn.L. 

HL/HW 

HL/HD 

;., 

GROUP l 
15.1·18.0 

em •. 

' 1.18 

7 •. 78 

2o22 

3.51 

;.29 

1.98 

3.5$ 

1.19 

9.1 

1.11 

4.39 

1.58 

4.39 

2.21 

2.59 

GROUP II GROUP III GROUP lV GROUP V GROUP VI GROUP VII 
18 .. 1·-21.0 21 •. 1-24.0: .24.1.~27 .o 27.1-30.0 3o.,1-33.o 33 ... 1•36.-o 

cmo: em. em~. em •. em •. .em .. 
-----~ -------

1 .:1., 

·7.28 

'2•2 

:"J.sa· 

3.31 

1.9 

3 •. 48 

7.36 

a •. 67 

1~.19 

) •. 76 

1o48: 

4.-43 

.2.06 

2 •. 42 

1o16 

7.;28 

2 •. 2.3 

:3.88-

3 .• 59 

1.;97 

3.59 

7.34 

a.? 
8.64 

3.79 

1.4 

4~55 

1.89 

2o57 

1.19 

7 •. 1 

2.25 

3.:68 

3' •. 49 

1.899 

J-.3.8 

7 .•. 19 

B.J3 

Bo-43 
' 

Jo'82 

1.33 

4 •. ?8 

1.96 

2.26 

1.19 

-6 •. 8;3 

2 •. 19 

3.45 

3.18 

1 •. 7.) 

2.98 

6.83 

7.78 

8.53 

4 .. 05 

1.47 

5.:06 

1 •. 98 

2.25 

1o-17 

7.'37 

1.28 

3 •. 6·9 

J.,28 

1 .. ,89 

. 3 •. 1-4 

6 •. 71 

'7.91' 

9 •. 03 

4.06 

1 •. 41 

4o·92 

1.82 

2.,14 

1 .•. 17 

7 .. 34 

2o:J2 

3.:88 

3 .. 38 

1 •. 84 

3.14 

6.39 

8.02 

8.,9 

4.05 

1.:4 

4.94 

1.65 

2.07 
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to_ba 1~16 em. The minimum and maximum values recorded are 1.05 

and 1-.30 em e~ respectively. \.Jhen expressed aa percentage of head 

lang'th it is found to_ be 1_6-.69 • . ' .. • :' ·. 

3.2"2• Merist,i,£ gpyntp 

The details of meristic counts are presented in the Table~ 

16. It is eummarisad below: 

Dorsal fin rays: The mean value for this parameter is 

recorded to be 44.47., whereas_ the minimum and maximum values 

rec;crded are 43#49v 

Pectoral f.i_n .r.avs,3 Tha mean value is found to be 16•73 .. 

Ths ,range varies between 16 and 11. 

~P,elvic.fin rays: The number of pelvic fin rays is found to 

6 and as ~ cunstant. 

Anal f
1
1na .r,aYS} The mean value for this parameter is found 

to be 26.47 ~ The numbe.r var_i$s between 25 and 28 •· 

~.a_udal ,f~i,n ~a¥!.# The mean value is recorded to. be 14 o 27 • 

wh.ich- varies between 14 and 1.5o 

Lateral line scalasa The mean number recorded is 59.93. 

The range var-ies betw·aen 58 and 63. 

Trandvarse scales: The mean Val~e is found to b~ 8.17/11~23. 

It: _varies between 7?!-/101 and 9i/11i. 

J,.2·•-'• Regression, ,equati.o~s,l 

Tho tegre~aion equations for various morphometric param 

meters are presented in T ableeitS f'or Channa, .ep,r,c&&• 



ror all the morphometric parameters studied; a mean 

biometric index for each l.O cm!l length group has been 

calculated out and presented in Tabla~·:::69 F'ig• '• 

3,.3. f"torphometry and Neriatic Counts of Channa eunctata: 

3.3 o 1 o r,1orphomstl'y. 
b -

Tha results recorded Qn morphometric measurements or Chctnna 

punctate have been·. presented in Table~? and summarised be lows 
I D f 1 

T'C(~al length: The msan value obtained f'or total length is 

found to be 14•74 em. The range vaties between 8.6 and 21.0 em. 

t1fhan exptessed a$ percentage of standard length 9 it is found to 

be 119.74 •. 

s .. t,a,n,d.arfl. ,lengths The mean value recorded for standard 

length is found to be 12.31 em. The minimum and maximum values 

observed are 7 ~2 and 17 o 1 em. reapactively ... 

Bo~l! d,e,pth; The mean Value for this parameter is recorded 

to ba 2,5.3 em• 'The ranga varies between 1.6 and '~6 em~ l..Jhen 

expressed as percentage of" standard length it is found to be 20~ss. 

Girth: The mean valuo f~r girth is recorded to be 8.16 em• 

with a range varying batwaan 4 .. 8 and 12-oO em. When expressed as 

percentage or standard length it is found to be 66o29o 

Hl~a.d 
1
ls,nat,h.: The mean val.ue for this parameter is found to 

be 4•27 em.· with a range .varying between '2-.4 and 6.1 em. When 

intprqssed as percentage of standard length; it i$ found to be 

34o69. 



Pra~dor.sa1 length! The mean value obtained is 4.63 em. The; 
. , I : p • 

minimum and maximum valu~~.aro 2o65 and 6.7 em. l.'"espactivoly. 

Whan expll"essed as percentage of standard length it is found to 

be )7o61o 

D,or,a,al, fi,n. ,base. lengt~: Ths mean value for dorsal fin base 

length is recorded to. be 6.77 em. The range varies between 3.5 

and 10ol em, When expressed as percentage of standard length it 

J..s round to b"' 54 • 99 ~ 

A_nal fin bas.e la,n,g.t!'V The mean value for this parameter is 

found to be 4._58 em,; The rang~ is from 2•5 to 7.1 em. When 

expressed as perc43ntage of standard length it is found to be 37 .21. 

lteight of dorsal fin: The mean value is found to be 1.31 em. 
IT I • 

with a range ranging between o.as and 2.2 em. When expressed as 

percentage of standard length it is found to be 10.64. 

Height. of' .pactoral fi.na The mean value for this parameter 
I t- t,1 - . I f 

is !'QCordad to be 2•14, with ~ range varying between 1 o3 and 3.3 

em~ tilhen it is a)(preasad as percentage. of standard length it ia 

found to be 17~38, 

H.e.t.ght of pel~ic. fini The mean value is 1 •. 57 cmo The ronga 
I 

is from o.9 to 2·3 cmo \,Jhan expressed as percentage of standard 

lsngth it is Pound to be 12.75, 

Hei,~ht ,ot ;anal fi,n,s The mean value is found to be 1 "17 cmo 

The range varies between. 0 •. 9 and 2o3 em. ~11hen expressed as 

percentage of standard length it is found to ba 9.50. 

Le.ngtn of caudal fin: 1he mean valus is 2~42 em. The range 



Tablo-1 : Mt~rphomatric Analysis of' Channa pun,c,tata ~ 

Mean Mean % 
.Parameters (em) standard Range (em) 

length 

Total length 14o74 119.74 8.,6 - 21.0 
Standard length 12.31 - 7.2 - 17.7 
Body depth 2.53 20.55 1.6 - 3.6 
Girth Bo16 G6.29 4.,8 .... 12.0 

Head length 4.27 34.69 2.4 Cll 6.1 
Pre-dorsal length· 4.63 37.61 2.65 - 6.7 
Dorsal fin base length 6.77 54.99 3.5 -10.3 
A.nal fin base length 4.58 37.21 2o5 - 7.1 
Height of dorsal fin 1o111 10.64 o.es • 2.2 

Haight or pectoral fin 2.14 17.38 1.3 ·0· 3.3 
HQight of pelvie fin 1.57 12.75 0.9 - 2o3 

, Height or anal fin 1·17 9.50" 0.9 .... 2.3 
langth of caudal fin 2.42 19~66 1.3 - 3.8 
Oist •. batn. Pel.r .. to A.op~ning 1 o59 12.92 0,.9 

"""" 
2o2 

Oist.betn. Pal.:f" • to Anal fin 2o35 19 •. 09 1 .o .... 2.5 
He1ad width 2 •. 65 21o5J t.s -· 4e0 

Head Depth 2.34 19.01 1.3 .cit '·' 

r1ean Mean % of' 
Parameters {em) · Head Range (em) 

length 

s·nout length 0.74 17 ,.,33 n.5 ... 1.0 
Eye diameter o,ss 13.58 0-.4 "'!' 0.7 
Post~orbital length 2.99 70 .. 02 1.6 - 4.2 

Sub-orbital length Oo25 5.85 0 .. 1 - 0.4 

Inter•orbital length. 1.04 24.36 0.6 - 1.2 
Upper jaw length 1o:2 28.1 0,85 - 1.6 
Lower jaw length 1.34 31.38 0.9 ... 1.,8 
Gap a o.79 18.5 0.4 - 1.8 
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vari;:~s between 1.3 end 3 .S c:-:1. :·.!hun oxpressc~d as percentage of stoq-

dard longth it is recorded to be 1?.66~ 

f>istftnce betwean pCllvic f'in and Anal o~~: Tho mean value 

is 1.59 em. The minimum and maximum values observed are 0.9 and 2.2 

em. rospectively. When expressed as percentage of standard length 

it is found tu be 12.92. 

Distance betwGen pelvic f'in and Anal f'in: The mean value is .-.-....... .;;;.;.;.;;.;;....-;;..;;..-.-;;.;;..;.;...~..;;.;:;..;;.;;;.....;...--.,-..... ...__, 

recorded to be 2.35 qp. Jha ronaa varios botwaen 1.0 and 2.5 em. 

When expressed as percentage of standar.d length it is found to be 

19.09. 

Head width: The mean value is 2.65 em. The range varies --
between 1. 5 and 4.0 em. l~hen exprossed as pe:r.cantage of standard 

length it is recorded to be 21.53. 

~ead deetu: The mean value is found to be 2.34 em. with a 

range between 1 .J and 3.3 en. ~Jhen oxpressed as percentage of" 

standard length it is found to be 19.01. 

!L'lOJ;!Ll ... B.~_gj:ll: lhe mean length is found to be 0.74 em. The 

ranqe varies between o. 5 and 1 .o em. tVhen expressad as percentage 

of head length it is found to be 17.33. 

Eye diameter: The mean value for this parameter is found to 
,.,._ -:-.=r :1 ~~-~· 

be 0. 58 em. The range varies be tt:Jeen 0. 4 and 0. 7 cr.~. t.Jhen exprGssed 

as percentage of head length it is found to be 13.50. 

Post4orbital length: The moan val~e is recorded to be 2.99 

em. The minimum and maximum valuos ore 1.5 and 4.2 ern. rnspectivoly. 

When expreusad as percentage of head langth it is found to bo 70.02. 
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Sub-.o,r.bital ,l,ength,: The mean value for this parameter is 

recorded to be o.2s em. The range varies between 0.1 and 0.4 em. 

When elCprassed as percentage of head length it is recorded to be 

s.as. 

Inter•orbital length: The maan value for this parameter is 

found to be 1•04 em. Tho range varies between 0.6 and 1·2 em. When 

expressed as petcentag$ of head length it is found to ba 24.36. 

Upper jaw length~ The mean value for this parameter is Pound 

to be 1·2 em. The range varies between o.as and 1.6 em.- When 

expressed as percentage of head length it is found to be 28.10. 

Lower jaw length: The mean value is 1.34 em. The minimum 

and maximum ranges are 0.9 and 1.8 em. respectively. When expressed 

as percentage of' head length it is recorded to be 31.38. 

qapai wi,dth: The mean value for gape width is recorded to be 

0.19 em. The minimum and maximum values are 0.4 and 1.8 em. respec• 

tively. When expressed as percentage of head length it is Pound to 

be 18.50. 

J.J.2. Meristic Counts 

The details or the meristic counts are presented in the 

Table-16 and summarised below: 

D,or,sal ,fi;n .~a.'t!.l The mean value obtained ia 29.32 with a 

range varying from 28 to JOe 

Pectoral f.in rays# Tha mean value is found to be 14.)9 with 

a range varying from 13 to 16. 
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Pelv.ic f'in rays• The mnan value recorded fo.r this parameter 

is found to be 5.35~ The range varies batween 5 and 6. 

Anal .fin rays: The mean value is found to be 19o9o The 

!'ange varies batwaan 19 and 22~ 

Caudal .fin ra'Gs,: The mean value recorded is found to be 
J . • - • 

13 .a? with a range varying between 13 and 15 in number. 

Latar.a.l lina scales; The. moan value for this parameter is 

found to be 38~97.· The range varies between 38 and 41. 

Transversa scales: The mean values obtained are found t·o 

be 4.98/8.85• The range variea between 4i--s;/a;}-9i. 

3.3.3. R.£tmreasi,on Equa,tions: 

The regression equation for various rJorphomatric parameters 

are calculated out and presented in Table•8 f'l)r Channa e.unctata. 

3 oJ -.4o Biometric Indices.: 

ror all the morphometric parameters studied a mean biometric 

indices fot each 2•0 em~ length groups has been calculated out and 

present•d in Tabla~9, F"igo 4~ 

3 o4o f-1orphometry and r.ttaristic Count.s of Channa stawartii. 

'·4~1· f.llorphometry 

T~e re~ults rac~rdad on morphometric measurements of Ch%~n& 

stawartii have been presented in Tableo10 and summarised below:.., 

Total lengths The mean value for total length is-found to 

be 12•02 em. Tht£l minimum and maximum ranges ate 8.2 and 16.1 em. 



Table-S : Regression Equations on Morphometric Parameters of Channa punctata. 

. Parameters 

To·tal le'ngth (Y) vs.: Standard length· (x) . . . 

To~al l~ngth {~) US. Body de~th {x) 

Total length ( Y) V·~. Girt;h .·(x) 

Total length (Y) VS. He~d le~gth (x) 

Tot~l l·ength {Y) VS:~ Eye .di'ameter' (x) 
.,· 

T~tal length ·(Y) ~~. Snout length (~) .· 
---· 

. \ 

Total length (V) VS~ ~ost•orbital l~Mgth (x) 

Total length· (Y) VS~ lnter-o~bital length .(x) 

Tot~l length (Y) vs. Head depth·(~) 

Tot·al length. (Y) vs·~ Pre-do·rs~l length (x) 

Regression E_quations . 

· Y = 1.5681 + '1~20ri7 X 

Y = 2.54t6.+. 5.0016 X 

v·= o.~464'+ · 1~6274 x 

Y = 0~53~6 + . ).3439 X 

Y = 4.4902 + 2~.043t X 

Y = 1~1676 + 16.t112 X. 

Y = 0~1087 + 5.1074 X 

.. Y =· 0•1091 + 14•20'54 X 

Y = 0.2197 + 6.2782 X .. 

.y = 0~6528 + 3~0~4~ ~ 

-.------------.--.--------------------~-.--~------~------------------~--~--------------~ ... ·------~---------··-------------



Parameters 

TL/SL 

· Tl/80 

TL/Girth 

TL/HL 

TL/POL 

TL/DF'B 

TL/AF'B 

TL/Ht11 

TL/HD 

HL/tO 

Hl/100 

H~/POL 

HL/Sn.L. 

Hl/HW 

HL/HO 

Table•9 : BiomGtric lndie,as of' differ-ant; length groups in Channa punctata,. 

GROUP 1 GROUP II GROUP III GROUP 1\J GROUP \f GROUP tJI GROUP \III 
8 •. 1.:..10.0 10.1-12.0 12 •. 1-14 .. ·0 14.1'-14 • .0. 16 •. 1-18.:0 119.1•20.0 20.1-22-~ 

:em./ 

1.18 

s •. 41 

1.,75 

3o:46 

3.23 

2 •. 4 

'3.23 

5.58 

6.18 

6.25 

4o'17 

1 .• 52 

4•55 

1 .. 61 

1.?9· 

em. 

1o21 

''5.83 

'2·34 

'3 •. 38 

. :;.23 

'2.22 

. '·'' 
''5.~9 

'6.22 

. 7.29 

4.:4:; 

1 ~.so 

s •. :;a 

1 .• 66 

1.84 

em., 

1.19 

·6.0·1· 

1 .. 76 

3.34 

J.15 ., 

2.17 

3.17 

4.67· 

6.31 

7.07 

4.72' 

1.49 

.6.06 

1-.4 

1.89 

Cffio· 

,.,19 

5.56 

1o74 

3.38 

3-.13 

2.,18 

3.19 

5.44 

6.02 

7.47 

4.27 

1~9 

5.82 

1.61 

1~a 

em •. 

1.19 

5.96 

1.88 

3.54 

3.20 

.2.15 

3.34 

5.67 

6 •. 45 

7.51 

4.17 ,. 

1 0'38 ' 

5 .. 61 

1 •. 6 

1.82 

em.,. 

1.22 

6~8 

1.93' 

·3.69 

3.29 

2.:18 

'3.12 

5.81 

6.<86 

7.69 

4.02 

1.40 

6.01 

1 o57 

1.85 

em. 

1.19 

5.83 

1o75 

3.44 

3.13 

2 .. 04 

2 •. 96 

5~-25 

6.36 

8.71 

3.81 

1.45 

6 •. 78 

1.53 

1.85 
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respectively• When expressed as percentage of standard length it 

is found to be 117•73.~ 

Standard len9th: The mean value for this paramata~ is found 

to be 10.21 em. The range vari~s between ES.3 and 13.4 em• 

Body depth; The mean value obtained for this parameter is 

1 .• 86 em. l!.lith a range vatyi,ng betw!=len 1 .o and .2.7? em~ When 

expressed as pereentage of standard length it is Pound to be 18.22. 

Girth: The mean value is found to be 6.33 cmo ·The range 

varies betwaan 'o6 and 8.75 em. t·Shen expressed as percentage of 

standard length it is found to ba 61,.·99. 

Head 1.e.n5:1th2 The mean value is found to be 3.02 em. Tha 

rartgs varies b~twsen 1o85 and 4,2 em •. When expressed as percentage 

of standard length it is found to be 29,.sa. 

Pre··dol!'s.a.l length,# The. mean value is recorded to be 3.45 C?m• 

Tha range varies betwaen 2o0 and 4o6 em. When expressed as 

percentage of' $tandard length it is found to be 33.79. 

Dorsa,l. f'i.n base l.ength: 5 .. 98 em. is found to be the mean 

value for this parameter. ihe minimum and maximum values are 3~?$ 

and 8.25 ern• respectively. When exprsssed as percentage of 

standard length it is found to ba se.s7. 

Anal fin base lenqth.s 3.58 em .. is found to be the mean · 

value. However, the range varies bstutGen 2.4 and 5 .. 7 ern• When 

expressed as percentage of standard length it is recorded to ba 

35.06;; 



Table-10 : t.lforphomatric An•lysis of Channa stawa,tii 

. r-'laan f·'lean % 
Range ·(em) Parameters {em) Standard 

length 

Total length 12.02 117.73 8o2 ''"!'• 16.1 
Standard length 10.21 - 6.3 - 13.4 
Body dopth 1.86 18.22 1oD - 2o75 
Girth 6.l~3 61 •. 99 3.·6 - Bo75 
Head length 3 •. 02 29.58 1.85· ... 4.2 
Pre-dorsal length 3.45 33.79 z.o .. 4o6 

Dorsal fin base length s.9a 58o57 3.75 - a.zs 
Anal fin basa length 3.58 35o06 2.4 -· 5.7 
Height of dorsal fin 1o08 10.58 o.a - 1.4 
Height of pectoral fin 1.74 17o04 1 .1 ... 2.5 

·Height of pelvic fin 0 •7'7 .~ ?.54 0.6 -· 1.1 
Height of anal fin 0.92 9.01 0.65 - 1.2 
Length of caudal fin 1.77 17.03 1.4 - z.a 
Dist. betn. Pal.r,.to Anal Op. 1.23 12.05 o.a - 1.8 
Oist. betn. Pel.r.to Anal fin 1o53 14.99 1.0 - 2.1 
Head width 2o06 20.18 1.2 • 3o0 
Head depth 1.66 16.26 o.a - 2.4 

Naan r'lean % 
Pa~ameters (em) Head Range (em) 

length 

Snout length 0.57 18.87 0.3 '""" o.a 
Eye diameter 0.47 15.56 o.J - 0.6 
Post•orbital. length 1.99 65.89 1.1 .... 2o35 
Sub-orbital length 0.24 7.95 0.15 • €0.35 
Inter-orbital langth 0.96 31.79 0.55 ·- 1 ~3 
Upper jaw length 0.97 32.12 0.6 .... 1.45 

Lower jaw length 1.14 37.75 0.?5 ·~ 1.7 
Gape 0.82 27.15 0.6 ... 1 .1 
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Haight ot dorsal fin: The ma~n value is found to be 1~08 

em. The range varies between o.a and '1 .4 em. When expressed as 
' .. ·. 

percentage of 'standard length it is found to. be 10.58. 

H,ei,ght, o,f pectoral fin: The mean value is found to be 1.74 

em. The range varies betwaen 1.1 and 2.5 em. \.Jhen expressed as 

percentage of standard'length it is found to be 17.04 • 

. Heitaht ,o.f'. pelvic, f.in: The mean value is found to be 0.77 

em. The range varie.s, between o.G and 1.1 em. When expressed as 
'• 

percen·tage· of standard length it is found to be 7 •. 54. 

H,ai9ht. of ~nal fi.nu The mean value is found to be 0,92 em. 

The minimum and maxi~um values.are 0.65 and 1.2 em, respectively• 

t.Jhen expressed as percentage of atandard length it is found to be 

9.01, 

Length of caudal fin: The mean value for this parameter is 

found to be 1•77 enh T:he l:'ange varies between 1.4 and 2.8 em., t~hen 

·expressed as percentage of standard length it is found to be 17.03. 

Dis,tance between pelv}.p, fin t.o .anal iopeolng; The mean value 

ia 1.23 em. The range .is from Q.a to 1•8 em. When .converted to 

P$rcentage ·Of stand~rd length it is found to be 12.05• 

.Oist,ance batwe,e,n e.elv ie ·fin to .. a,nal, fin: The mean value 

tJ~ this pa'r·ameter is 'round to ·be 1 .53 em• The range is between 

1.0 and 2•1. em. t4hen expressed as percentage of standard length 

it is Pound· to ba 14.99. 

Head width: The· mean value is found to be 2.06 em. The 

range varies between 1.2 and 3.0 em• When expressad·as percentage 

of standard length it is found to be 20"18. 
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~e,ad, ,d~,e.tJl3 The mean value is found to be 1 .66 em •. The 

range varies between o,.s and 2·4 em. t-Jhan expressed as percen­

tage of standard length it is found to be 16•26o: 

Snout, l~n~th; The mean value for snout length is found 

to be 0.57 em •. ThG range varies be.twaen 0,.3 and o •. a c·m. t'lfhen 

expressed as percentage. of head larigth it is found to be 18 .a?. 

E ya diameter: The mean value for eye diameter is found to. 

be _0.47 em·. The range -varies between 0•3 and 0.6 em. 1.-Jhen 

exp:ressad as percentage of' head length it is found to be 15.56• 

_ Poat~o~·bita,l lanqthl The mean valua for this parameter is 

.found to be 1.99 em •. The minimum and maximum values recorded are 

found to ba 1.1 and 2~35· em. respectivalyii 

Sub, .. orbital length.: The mean value for this parameter is 

'recorded to be o •. _24 em. The range varie.s between 0.15 and o •. 35 em. 

When axpresaed as percentage o.f head length it is found to be ?.9s. 

I,nter•or,b,ital le,nQti].: The mean value is found to be 0.96 

em. The minimuf!l and maximum values.~ra 0.55 and 1.3 em. respec• 

tively. When expressed as percentage of heed length it is found 

to be 31 •. ?9 •. 

U
1
PP,e,r jaw lengt,h: The mean value obtained is 0.97 cmo The 

range varies between 0•6 and 1.45 cmo t-Jhan expressed as percentage 

or head length. it is found to ba 32.12. 

Lower jaw length:. The mean value for this parameter is found 

to t:)e 1.14·cm. 'The range varies between 0.75 and 1.1 em. When 

express~d as percentage of head length it is round to be '37 •. 75. 



Tabla•11 : Ragresa·ion Equations on Morphometric 'Parame:t.ers: .of Channa. stewartii. 

Pa~a!!lotcra. Regression E'quations 

To·tal langth (Y} \fS· .• , St,andard length (x) V = 1'.3479 + ·1.0463 X 

To.tal leng-th (V) ·\IS .• Body dep-th. (x) V = 0 •. 27)4 + · 6.3884 X 

Tot.al longth (V~ · \Is .•. Girth (x.) V = Oo-2619 + ·1.7057 X 

Total length (V) \IS .•. Head length· (x) V = 1.6105 • ·3.4464 X 

Total length {V) \IS .•. £tye diamatar .(Jt) Y : 0.6108 + 20.0345 X 

Total length (V) '\IS •. Snout le~gth (xl V = t~3002 + 19~0913 X 

Total length (V) us •. Post-orbi,tal length (x) ¥ ~ 2.7535 + ·4.4012 X 

Total length (V) VS.; Inter-orbital length (:x) Y c 1.8767 + 10.4316 X 

Total len9th (V) vs .•. Head depth {x) V c 0 .• 4162 + · ~··'?359 x 

Total l:angth ('Y) :us~., ·P.re•dorsal length (x) V} ~ Q)vf~9.:T1J <:+ · ~~~a:t[1J XJ 

~.! 



Tabla-12 : B'.ioma.tric Indices in .different length groups of Channa stawart11. 

GROUP l GRO:UP II GROUP Ill mmuP I\11 GROUP V 
Parameters: a . .,1 ... 10 •. 0 em .. 10 .• 1-12..-0 em. 12·1-14.0 em. 14 •. 1-16 •. 0 em. 16 •. 1-18.0 em. 

TL/SL 1.21 , •. 18 1.18 1.16 1.21 

TL/BD ? •. 73 -6.6·9 s.76 5.89 8.05 

TL/Girth 2,.09 1.'96 1.:?6 1 •. 78 2.24 

TL/HL I ,' 4..-13 4.:11 3.87 3.75 4.74 
/'~' 

J~/POL. I J .•. 76 3.44 3 .• 44 ) .• 41 3.62 

TL/or/ 2.21 ·2~01 2.02 1 •. 89 1.96 

TL/AfB 3.98 ).:25 3.16 3.40 2.82 

:~: 
6.~.4"1 ·s~96 5 .. 35 5.53 7.0 

s.s.9 7.'12 6 •. 64 6.,80. a.os 
·' . 

. •ftl/ED ' ·6 •. 39 ·5 •. 56 -6 .. 8:4 7o:07 6.18 !· 

I 
.<"'") ·• 

., 

HL/100 J.,.JJ· ,,~07 3.10 3.,25 2o72 

Hl../PClL 1-.72 1 .• 49 1 .. 43 1 ... 49 1 •. 42 

HL/Sn.t... 5.75 5·2·4 5.32 5.30 4.86 

HL/Ht>J 1 .. :56 1.45 1.38 1 .. 48 1.48 

HL/HD 2.15 1.73 1 •. 72 1.82 1.7 
- -------·--------- ----~--·----- - .. ·-···-·-------
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Gape width: The maao value for this parameter is found to 

be 0 •. 82 em• The renga varies between 0•6 and 1 .. 1 em.;. t.Jhen 

expressed as percenta~e of' head length it is found to ba 27.1 s. 

The details of the m~r~stic counts are presented in the 

Table~16 and summarised below=• 

. Dors~~ fi2 rayst The mean value is found to be 34 .. 23. The 

range varies between 31 and 30. 

Pectoral fin rays# The mean value for t·his is found to be 

13.27• The range varies betweon 12 and 14• 

Pelvic fin rays: Six is found.tp be the constant number.· ; . 

./ 

Anal fin ra~s: The mean value1is found to be 22.07. The 
I. ! ' 4 b 

. . 

'i~nge varia~ b~t~en 1"9 and 27. 

Caudal fin r$ys: Th~ mean value is found to be 13.43. The -
Lateral line scales: The mean value is recorded to be 43.13 

whe.raas the range varies between 39 and 49• 
- ' 

Transverse: scales: The mean values are found to be 4.6 and 

7 •-''• The range is recorded to be 4;.s-}/6t•a?r. 

3.4.3. ftegrlession Equations 

The regression equations for various morphometric para• 

rnpters studied are presented in Table-11 for this species. 
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3.4.4. Biometric Indices 

Biometric indices for variou$ morphometric parameters have 

been analysed and a mean is calculated out for each 2.0 em. 

length groups and a.re pra:aented in T able-12, F'ig •. s. 

3. s. rJJorphomatry and Meristic Counts foJ." Cha.nna or.ientalia 

3.5 •. 1. Morphom,rcttr~ 

The results racorded on morphometric measurements of C,hanna 

orientalis ha.ve been presented in Table-13 and summarised below :-

lotal length; The maan total length is found to be 5.83 em• 

The minimum and maximum value.s are found to be 3.6 and B.tJ em·, 
respectively. \llhan expressed as percentage of· standard length, it 

is recorded to'bo 120.45. 

Standard length: The mean ualue for this parameter is found 

to be 4e84 em. The range varias between 3.0 and 6.7 em. 

Body ~apt~: The mean value for body depth is found to be 

0681 em. The range recorded variasbetween 0.4 and 1.5 em. When 

expressed as percant~g~'of standard length, it is found to be 16,74. 

Girth: The mea" value for girth is found to be 2.03 em. The 

range varies between 1.6 and 4,.05 em• t'llhen expressed as percentage 

bf standard length it is round to be 58.47. 

Head length: Th~ mean value for thia parameter is fou~d to 

be 1.34 em. Thr;l minimum and maximum values recorded are 0.9 and 

2.0 em. respectively. t1/han expressed as percentage of standard 

length, it is found to be 27.69. 
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P.ro·.~o.rsa.l lengt~2 The mean value is found to be 1. 73 em. 

The range varies between 1.0 and 2.45 em. \11hen expressed as 

percentage of stendatd length it is found to be 35.74. 

O,or,sa,l ,fi,n b,as.~_length: The mean value is found to be 2o69 

em. The range varies between 1.65 and 3.6 em. When expressed as 

percentage of $tandard length it is found to be 55.37. 

Ane,l fi~ base le:na,th: The mean value for this parameter is 

found to be 1.68 em. The range varies b~tween 0.9 and 2.35 em. 

When expressed as percentage of standard lnngth it is found to be 

34.71. 

He_ight o,f dot:~a~ f,in.: The mean value for this parameter is 

fQund to be 0.48 em. The range varies from 0.25 to 0.7 em. When 

expressed as percentage of standard length it is found to ba 9.92. 

Height of pectoral fin: The mean value is recorded to be 

1.15 c;m• The range varie-s f't-om 0.6 to 1.4 em. ~'l#hen expressed aa· 
-

percentage of' standard length it is found to be 23.76. 

Haight of_ .P.~lvic. fin: The mean value is found to be 0..34 em. 

The range varies from 0.2 to 0.5 em. When expressed as percentage 

of sta.ndard length it is found to be 7.024 

HeiQht ;of ~anal fin2 The mean valua is found to be 0.39 em .. 

The minimum and maximum values ate 0.2 and 0.6 em. respectively• 

When expressed as ps.rcentage of standa~d length it is found to be 

a.o6. 

L,ength. ,of, caudal ,fi.n_a The mean value for this parameter is 

found to be 0.99 em. The range varies between 0.6 and 1.3 em. t~an 

expressed as percentage or standard length it is found to be 20.45• 



Tabla~13 a Morphometric Analysis of Channa orientalia (=£•·gachua) 

Mean Mean % 
Parametor$ (em) Standard Range (em) 

length 

Total length . : . s.a:s 120.45 3.6 a.o -
Stand.ard length 4 .. 84 ... 3.0 ... 6'17 
Body depth o.e1 16.,74 Oo4 - 1o3 

~irth 2o83 59.47 1.6 ... 4.05 
Head length 1.34 27.69 0.9 ... 2o0 

Pre•dorsal length 1.73 35.74' '1.0 - 2o45 
Dorsal fin base length 2o68 55.37 1.65 - 3.6 
Anal fin bass length 1o68 34.,71 Oo9 ... 2o35 
Height of dorsal fin 0.48 9.92 Oo25 • o.?· 
He.l.ght of poctQral fin 1.15 23.76 0.6 - 1.4 
Height of pelvic fin. Oe34 7,02 o .. 2 ·- Oo5 

ffeight. of anal fin 0.39 8.06 0.2 - 0.6 

length of caudal fin o.99 20.45 0.6 •· 1.3 
Oist. batn. Pel.F"eto Anal op. Oo71 14.67 0.4 .. 1.0 
Oist. betn. Pal.r.to Anal fin o.as 17.46 0.55 .... 1o25 
Head width o·.~6 19oBJ 0.6 .... 1 .3 
Head depth 0.68 14.05 0.45- Oe95 

Parameters r"'lean 
(ern) 

Mean% 
Head 

length 
Range (em) 

Snout length Oo29 21.64 Oo15 - 0.45 
Eye di~meter 

'~·~. ) 
0.24 17.91 Oo15 • 0.35 

\ 

Post•orbitai la.ngtif 0.91 67.91 0.5 - 1.3 
Sub•orbital length 0•11 9.21 o.os ... 0.2 

Inter-orbital length 0.44 32o84 0.3 - 0.6$ 
Upper Jaw length 0.4 29~85 0 •. 25 •. 0.6 
Lower jaw length 0.46 34.33 0.3 .... o.? 
Gape Oo36 26 .. 87 Oo2 - Oe55 
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Oietanca be.twaan pelvic fin to anal onenino: The mean value 
t • 2 a ...... 24•... a T • '1: .if, 

for thi!J parameter .is recorded to be 0.71 em. The range varies 

between Oe4 and 1.0 em. When expressed as percentage of standard 

length it is found to b.e 14.67. 

Distance between palv ic fin to anal f'in: The mean value for 

this parameter is found to be o.as em• The range varies from o.s5 
to 1 .25 em. \..!hen eltptaaoed as percentage of' standard length, it is 

found to ba 17.46. 

Head width: The mean value for this parameter is found to 

be 0.96 em• The range. varies between O~t6 and 1.3 em. t..rhen expressed 

as percentage :of s.tandard length it is found to be 14.05. 

Snout langth: The mean value for this parameter is found to 

be 0.29 em. The f.anga varies between o •. 1s and 0.45 em. When 

expressed as percentage of head length it is foond to be·21.G4. 

£~s diameter: The moan value is Pound to be 0.24 em. The 

range varies between 0.15 and 0.35 em. When expressed as percen­

tage of' head la·ng.th it is found to ba 17 ~91 il 

p,ost.-o~bi_tal la,ngtn.: ThFJ mean value for this parameter is 

found to ba 0.91 c;m •. The tanga v~ri~s between 0.5 and 1.3 em• ~Jhen 

axpre.tHted as percentage of head length, it is found to be 67.91. 

Suba.orbita,l l,ens.t,h_:. The mean value is 0.11 em• The range 

varies between o.os and 0.2 cmo. \11hen expressed as percentage of 

head length it is found to be a.21. 

Inter:-.orbital length: The mean value for this parameter is 

found to be 0•44 em.; The range varies between 0•3 and 0.;65 em. 

When expressed as percentage of' head length if! is found to be 32.84. 
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Upper ,,taw l,angth: The mean value for this parameter is 

Pound to be 0.4 em. The range varies betwaen 0.25 and 0.6 em" 

~~han expressed as perc.antage of head length it is found to be 

29.8S. 

L=ower Jaw langthi The mean value for this parameter is 

found to be 0.46 cmo. The minimum. and maximum values recorded 

are o.:s and o.7 em .• respectively. When expressed as percentage 

of ha.ad length it. is found to bel '-4.33• 

Gape wid.th,: The mean values for this parameter is recorded 

to be 0,36 em. The: range varies between 0.2 and 0,55 em. When 

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

l,5~2i Marl~ti~ C~unts 

The detail;s of the meristic counts are presented in Tabl~·· 

· 16 and summarised b$lowa• 

.. < 

Do.rs.al: .fin rays: .The mean value for this parameter is 

J;-ecorded to be 29•71 with a range varying between 28•31• 

Pectoral fin rav.ai The mean value is found to be 12•47 

with· a range varying between 11 and 14• 

Pelvic, fin raysl the mean value for this parameter is 
found to be 5o87 with a range varying between 5 and 6o 

Anal fin rayss Tha mean value for this parameter is found 

to be 19.97~ The range varies between 17 and 21 • 



Tabla-14 : Ret:gra.snion Equations on Morphometric Parameters of c·hanna arientalis .. 

~. 'Paramote~r.s: " _ , ; , 1 ~ t, ~ , • Regreaelion Equations 
/...-;· ' ' I , , . . . 

. //·' 

/~fot.al len,gt:h (V) vs. Standard la.ngth (x) V c 0 •. 8·345 + 1 e>.055:3 x 
~~~ ~) I / ..' :~ ' 

:·/;:Jtotat 'l;,~ngth (V) us:., Body dopth (x)' · 
, 1 ~r'11 , 

/ /(t . 
·. -~:To·ta~~?1.ength 

•,r , n . 
. //'i··· ·. /..·'/ . 
~;: ... fAtal· bJn.gt·h 

(V) vs •. Girth. (xl · 

(V) us, •. Head .length (x) 

,~~~tal. leng~h (Y.) \t:Sr ... ; eva diamot>CllJ!' (x) 

Total lengt·h (Y) .\IS. Snout length (:x) 

Total lengt·h (Y.) :vs.; Pos:tc:oo.rbital length (x) 
' ' ' ' . 

' I" ' 

)ftatal langt·h (V) v.s .•. lnt'a~ortrital length: (x) 
. J ' 

Total length (V) vs. Heac:f dap;th (x) 

Total length (V) vs. Pread"_~aal length (x) 

v = 1 .•. 7532 + 5 •.. 1l55 X 

v 0 1'.0135. 1 •. 739:':1 K 

y = 1.2678' + 3 •. 4707 X 

V o 1.7310 + 17~8630 X 

V 1::1 1 .5.847 + 14.:5652 X 

' v = 1 •. 7101 + ·4.6:573 Jt 

V o 1 o-3182. + 10 .• ·601.8 X 

V = 1.1367 + 6o.9976 X 

V = 5.7416 + ') •. 9885 X 
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T.ablo•1.$ : Biometric I:ndicas in ·different length groups of Channa · orientalis •. 

Parameters G.ROUPI GROUP II GROUP III GROUP Io\1. GR.DUP V 
3.,1-4.<0 em. 4 .• 1--s.·o em •. ;.,1~6.0 em •. ,6 .. 1-7.·0 em. 7.:1-a.o em. 

TL/SL 1.2 1.22 1·.22 1 ... 19 1.19 

TL/80 ·9.0 7 .• 32 7e:33 . 7.01 6.87 

TL/Girth .2.25 '2 .• 05 2.08' 2 .. 04 2 •. 06 

TL/HL 4•0 4.32 4 •. 53 4 •. 38 4.17 

TL/POL ).6 } .•. 27 3.42 3 •. 45 '·'' 
TL/DF'B 2.18 ·2 .•. 15 2.26 2 •• 12 '2 •. 17 

TL/AF'B 4.:0 3 •. '63 J.44 3 •. 33 3 •. 48 

Tl/HW 6~0 6.14 6.3.3 .. 5.98 6.01 

TL/HO a .. o 9.9 8.57 8 .. 47 8 •. 29 

HL/ED 6.0 
(\:;.=~\ 

(~~-5} 5.35 6.:48 5.72 

HL/POL 1 •. 8 1.59 1· •. J2 1.51 1 .51 

fil/100 3.:0 3.18 2.a93 3.10 ,.,16 

HL/Sn.L. :6.0 4.57 4.1 4.:52 4.82 

HL/Hbf 1 •. 5 1e42 1.39 1.37 1 •. 44 

Hl/HO 2.0 2.,06 1.89 1.94 1.99 

.. ,• 



Tabla•16 : Summary of' the f·1sristic Counts ·:raco.rded in dif'fere:nt Channa spp .. , 

Parameters 
C. e,tr1atus: c .•. tuurea c •. punctat·a c •. stewartil c •. orientalls - -· ... . ,· - •• ..... , ......... -Mean Rf3Aga f<~Jean Ranga Mean 'Range 'Mean Range T"laan Range 

fQo •. of rays ln dorsal f !n 4Jao5 41-46 44 .• 47 43-49 '29.,:32 ·2a~Jo. 34 •. 2) :31-38 '29.'7 2a-:n 

f~o.of rays in pectoral fin 15 .• 86 15-'18 16 .. 73 16-17. 14 ... 3.9 13-1·6 13.27 12coo14 1'2.4'7 11·14 . 

Cdo. of' rays in pel\fic fin 6 6 4 6 .5.35 5-6 6 6 5a:87 S-.6 
Canst. Canst. Canst. 

No. of raya in anal fin '26··86 26-28 26.47 '25-28 19.•9 19~22 22.07 19-27 19 •. 97' 17•21 

No. of raya in caudal fin 15.43 15-16 14.27 14•15 13.87 1:3·15 13.43 12•14 12 •. 67 11-14 

No. ,o.f' scales along tha 60.07 57-61 59.9·3 '5Sa6.l .38.i91 38-41 43.13 39-4.9 J9.9 36-41 lateral !ina 

Nn. of scalon abD·\10· the 7.;9} ?~•Gi 8 •. 17 ?i-9i 4.98 4~-s; .4 •. 6 4~-si 4-.43 3~•.4i later.al line 

No·. o:f scale.s below the 11 .ol 1 ~11--lr 11·· 2J 10?t•11~ 8.8·5 8{t•9i ?.:JJ 6~; 5.67 s;-6?/ lateral llna 



Cauda,! fin rays.: The mean value is found t·o be 12.67. 

The range varies bet.waan 11 and 14• 

Late~al. line scales:· The mean value recorded for this 

parameter is found to be 39.90~t The range variQs tretween 36 

and 41 •. 

Transvars~ scaloa: The mean values obtained for this 

parameter a-re f·ound to be 4.43 and 5.67 • The range varit;}s between 

>!r-4-t and st-6~·~ 

3.5.3.· Regression E::guati.ons: 
- I 

. The regression equations for various morphometric 

parameters are calculated out and pres.ent in T abla·-14. 

3.5.4. Biometiric lnd.ices 

F'or various. morphometric measurements recorded., a mean 

biorn9tric index for each 1.0 em. length groups has been calcu• 

-lated out and presented in Table-15, tig. 6 .. 
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The channlds, 1~ general, are very much alike in shape 

and gross morphological features with 'slight variation in body 

colour and size. This is r~sponsible for several disputable 

interpretations put forw~rd by different lchthyotaxonomists while 

identifying them (Day 1878, Shaw and Shebbeare 1937 and Redd' 

1981). The situation has been further complicated by their wide 

range bf distribution from the mountain range to the coastal area 

through the plains. Because of the plasticity of the ecological 

condition~ of thair niches 0 in~ra-species variations in the 

morphological features are vary much expectable (Schmidt 1921, 

Vladykov 1934, Lindsay 1954 and fage 1958). 

Earlier worket.'s distinguished the different C,hanna species 

on the basis of body colour and body marks. ~· twrca. and 

c. striatu$ were differentiated from one another by the length of -
the vertical dark stripes which extend upto the belly in case of 

c. stria\u~, whereas do not exceed the lateral line in case of -
c. !:)Arc,.a.. P-1oreover, · the belly is - yellowish in colour in case of 

•I· 

(oay c •. striatus while i~ i.s plain white in case of c. bare a 1878, - -
Sha• and Shebbaare 1937) 0 The pectoral f_ins of c. b,arca, .£.• str latus -
and £• punctata are plain, without any marking. But the pectoral 

finn o.f c. stewartii and c. orientalis are banded with yellow and - -
black colour. It has been noticed in the present investigation 

that £~ stewartlL seems to possess three rows of alternately 

arranged yellow .and black bands in the pectoral fins whereas in 

~· o,tiental.i,s these bands extend upto the tip of the fins. Such 

differencrts exist within the Same species, in different populations. 

Chann.a. s,tawartii, when collected from the stream, possesses a 

greenish•blue tinge throughout the body, but when collected from 
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pond, possesses dull grey colour. Similarly., it has been observed 

that certain populations of c. orientalis contain one or two -
black spot on the a~tremity of the dorsal fin while others are 

devoid of' such .. ~pot a. similar tail spot pol ymo.,-phism was also 

observ~d in ~iphophorus:J(Borowsky 1978). Such polymorphic charac• 

tars cannot be taken as diagnostic features in distinguishing 

~iffe~ent species. (Mayr.::; 1963). 

Meristic counts may or may not always ba coostant for a 

particular spt:~cies; because non-genetic variations of morphological 

. characters are common in fish (Barlow .. 1 1961) and are always 

affected by environmental fluctuations during developmental stages 

(Lindsay 1954; Barlow 1961). The differenc~s of the meristic 

counts in. different species of. Chann51 have been presented in Tab·la• 

16. A comparison ·or ttle. present observations on the meristic counts 

of different Channa, species has been dona with the earlier works of 

Day (1878) and Shaw and Shebbeare (1937) and presented in Tabla-17. 

The differences observed may be due to the differences in the 

environmental conditions as well as age (where mostly one year or 

Ofle plus year fishes are employed) which is not mentioned in the 

earlier work~. However, the range recorded in the present study, 

coincides in many casas with the previous records. Moreover, 

variations at population level have also been recorded by many 

workers (Tan~ing~-~ 1944, Barlow 1961; Suzuki and Yamaguchi 1980 

etc.). It has been revealed that the meristic characters exhibit 

plasticity under the influence of' environmental factors, especially 

temperature during early period of' life history. 

Significant differences in the morphometry among different 

species of' Channa have been observed (Tables•1,4,7,10 & 13)~ Such 



Table-17 :· Comparative .account of meristic c.ounts. of five species recorded by earlier workers 
and present study~ 

---~--------------------------------------~------------------------------------------------------------• • SPE:CU:S · f A U T H 0 .R S. : r-1 E R. I S T l C 0 a S E R V A T I ·0 tJ · S 

C.~ st·riatus -
C. barcg_ -

c •. punctata 

c. otewartii -· 

Day~ 1878 . D.37-45 ·p~17 V.6 
Shaw & ShebbeaJ:e, 1937 o •. J7o45 - -
Present study ~~41•46 P.15-16 V~6 

A.23·26 C.13 

A.23•26 -

L1.·· 50-57 

Ll. 50•59 

A.26-28 C ... 15-16 l.l.. 57-61 

Day, 1870 0.47-·52 P.16 .. V'.1/5. 1\~34-36 ·c.19 . ll ... 60.;65 

Shaw & Shabbaare,. ·1937 .0 .• 5.1 P ... 11 _ V.1/5 A.34 . .C.1A Ll~ 78 
Present· ·study 0.4:'5-49 Po16-17 l/~1/5 A.25-26 C ... 14-1~ Ll. 58-63 

Day. 18·78 

Sh()w &: Shebbaare, 1937 

Present study 

o •. 29•32 P.17 . v • .6 

0 •. 29-32 P •. 17· -

0.28cio30 P.13"'!16 V. 6 

Day, 1878. o.!;s9-40 P ... 17 V.6 
Shaw & Shabbeare., · 1937 -0~3-9-40 P .. 17 V.6 

Present study 0.31-38 P.12-14 V.E 

A.21-23 ·. c •. 12 . Ll~. · 37•40 

A.21•23 C.12 Ll~ 37-40 
A.19•22 C.12•15 ll ... 38•41 

A •. 27 C •. 14 

A.~21 ·c •. 12 

A.19-27 c •. 12·14 

Ll. 47-50 

Ll •. 4$-'50 

Ll. 39•49 

C. Q.risntaii!.. Day, 1878 0.34 P.14 • Ao22 C.14 Ll.. 41 

Shaw &:.Shobbaare• 1937 · 0.32·37 

Present study D.29-31 
P~5 -
P~11o14 V.G 

N.B. D = Dorsal fin rays 
V = \!antral fin rays 
C = Caudal fin rays 

A.21•23 C.12 ll. 40~45 

A.-17•21 · C .. 1·1-14 1::.1 •. 36•41 

P = Pectoral fin rays 
A = Anal fin rays 

Ll = lateral line scales 
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differences ato genetic or phenotypic (Kothare and Bal 1976). To 

determine the taxonomic bniformity, tha present observations 

have been compared with the available standard descriptions (Day 

1878, Shaw and Shebbeare 1937) and are found to be favourable, 

in spite of certain amount of variations. 

Differences ih the morphometric and meristic parameters . . . 

between male and Female of all the C,hanng s'pecies are not well 

defined. Sexual dimqrphism could not be traced out in any species. 

Howevert it is obsetvad that females are aiways larger in size than 

the male and num~rically more in number~ According to Nikolsky 

(1963), sax ratio varies consid~~ably from species to Qpecies, but 

in most of the ca~es, it is close to unity. Presence of more 

female in nature is also recorded by Hora and Mishra (1936) in 

!;._abeg, ~· Probably,_ this phenomenon is related to the breading 

biology of the fishes. 

The biomatri~ index of different parameters are probably 

species specific• However,. according to Gould (1966), ratio between 

different morphological characters of' the same species does not 

necessarily be constant, due to variation resulting from differ­

ences in sex• race, nutrition and other environmental factors 

during the period of incubation and earlY life of larvae. Moreover, 

the biometric indices differ considerably in d~fferent length 

groups of the same species~ Biometric indices for different body 

parameters of all the five species of'. Channq have been examined 

and it is found that. in all the five species growth of standard 

length, dorsal fin length are more or less constant. In other 

words these parameters can be treated as isometric {Bayagbona 1963). 
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It hat been observed for all the five apecia~ that the aye 

diameter becomes smaller in relation to head length; in other 

wordap this paramatar shows a negative allometry. 

In case of C.hanf\a. £!.,tir,1,a.t .. u.s •• it is found that the rate of' 

growth of anal fin base length, pre-dorsal length; body depth 

.and head width in relation to total length are more or less 

constant. Similarly; growth of head depth, head width, post• 

orbital length in relation to head length are also isometric. 

The growth of haaq length and head depth in relation to total 

length show negative and positive allometry respectively. Simi-. 

larly, growth of interorbital distance and snout length in 

relation to head length sh0\'\1 negative and positive allometry 

reape.ct~velyo 

ln case of Channa bgrc..ft, ~he growth of pre-dorsal length 

in relation to total length shows isometric gro.wth·. Similar 

relationship also axis.ts in the growth of post-orbital length 

and inter•orbi tal length in relation to head· length. The growth 

of anal fin base length, head width and depth and body depth in 

relation to total length show more or less positive 13llometry 

whereas ·growth of head length shows a negative allometry. On thf3 

other hand, head width and depth in relation to head length show · 

a positive allometry while the snout length in relatiiJn to head 

length showsa negative allometry. 

In cas~ of Channa punctata, it has been observed that haad ................................... --.~ 
width in relation to. the total length and head width and depth 

and post~orbital length in relation to the head length show .isome­

tric growth• On the other hand, growth of head length, pre•dorsal 



Tabla-18 : Biom~;,tric Indices in differant Channa species at 
7o0e:;a1~.o em. langth group. 

Parameters c. p_unctata c. stewartii c. oriental is - ·- -
TL/SL 1 .. 18 1·21 1.19 

TL/80 5.,41 7o73 6~J87 

TL/Girth 1.75 2o09 2c~06 

TL/HL .3.46 4o13 4.17 

TL/DPL 3.28 3~76 3.33 

TL/DF1:l 2.4 2o21 2.17 

TL/AF"B 3o23 3,.98 3.48 

TL/Hhl 5.58 6 •. 47 6.01 

Tl/HD 6 •. 18. 8.89 8.29 

HL/F.:D 6.25 6.39 5 .. 72 

HL/Sn.L. 4o55 5.75 4o82 

HL/POL 1.52 1.72 1.51 

HL/100 4.17 :;.33 3.16 

HL/HW 1 o61 1.56 1c~44 

HL/H{) 1e79 2.15 1.99 



. - ·~.---:-...... ~. - ' 

Tabla.-19 : 6iomatric Indices in diff.erent Channa species at 
15.0•20.0 em~ length group. 

Parameters c. striatua c. barca c. eunc;tata_ c. stewartii - - - -
TL/SL 1.14 · 1 o18 1·2 1.17 

TL/80 7 ·11 ?.51 s.es 6.24 

TL/Girth 2.09. 2.33 1o83 1o86 

TL/HL 3o51 3.69 3.47 3.9 

TL/PDL 3.16 3.4.5 3.17 3.44 

TL/Of"B 1.97 1.98 2.17 1.89 

TL/AF'S 3.37 3.73 3.09 3o2 

TL/H\" 6.69 8.17 5.aa 5.;75 

TL/HD 9.7 9.65 6.33 6.93 

HL/ED 1.9 7.77 7 •. 64 6.98 

HL/Sn.L. 5.82 4.39 5.82 5;;17 

HL/IOD 4.32 4.39 4o25 5o18 

HL/POL 1.5 1.58 1·41 1.47 

HL/HW 1.91 2.21 1.61 1.47 

Hl../HO 2.77 2.59 1.82 1.78 



Tablo·•20 : Biometric Indices in different Channa, species at their, 
maximum length groups. 

Parameters c.striatus C.barca C.punctata c.stewartii c.orientalia - - -
TL/SL 1o14 1.18 1.19 1 •21 1.2 

TL/BD 7.12 7.78 5e41 7.73 9.0 

TL/Girth 2o.09 2.32 1·75 2o09 2.25 

TL/HL :So 51 .3 .51 3.46 4.13 4.0 

TL/PDL 5.15 . 3.29 3·23 3.76 3.6 

TL/OF'B 1.97 1e88 2 .. 4 2.21 2.18 

TL/AF'B 3.37 3.55 3.23 3.98 4.0 

TL/1-1\.J 6.69 . 7.79 5e58 6.47 6.0 

TL/HD 9.7 9o1 6o·18 a.a9 a.o 
HL/EO ? •. 9 7.77 8.25 6.39 6.0 

HL/IOD 4.32 4.39 4o-17 3.33 3.0 

HL/POL 1.5 1•58 1o·52 1o72 . 1 .s 
HL/Sn.L. 5.82. 4o39 4.·55 5.75 6.0 

HL/Ht.J 1.83 2.21 1o·61 1.56 . 1.5 

HL/HD 2.77 2o59 1.?9 2.15 2.0 



length~ body depth and head depth in relation to total length 

and growth of snout length in relation to head length are 

negatively allometric .• However, growth of inter-orbital length 

in relation to head length shows positive allometry. 

The biometric indices of ~hanna stew,a,r.t.i,i. reveal that the 

growth of" pra•'dorsal length in J;"elation to total length and 

growth of post ... orbital length and head width in relation to head 

length are isom•trico All the remaining ratios show positive 

allometry. 

It is also observed for Channa orientalis that· the growth 

of head length, head width and anal fin basa length in relation 

to total i~ngth· and growth of post•orbital length, inter-orbital 

length, head width and depth in relation to head length are 

isometric in natura. However, grow~h of pre•dorsal length and body 

depth in relation to total length and growth of snout length and 

head depth show positive allometric relatlonshipao 

Channa berea and c~ striatus are tha largest amting the five -
species studied while ~o q.r,ient,.a.l .. !!! is the smallest among tham9 

Dua to the considerable range in size there is large overlapping 

of different species at certain size groups. A comparative study 

on the biometric indices has1 therefore, been carried out covering 

all the five species to find out whether there is any species 

specific characters by which one s~ecias can be distinguished Prom 

the other when they are of same size. The fishes have been sorted 

into two different size groups. The latters are so arranged that 

these include more than one species, Thus, one of the size groups 

(7·•.1 0 em") covers three species (.£~~ punctate, £.o stewartii end 
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c. orientalis) while the other (15-20 em,.,) covers four species 
_. ~ 1 I . . · 

(£.. b,a.r,cap ~· striatus~ £.• punctat,a and £.• stewartii),. The 

findings summarised in Tablas-~8 & 19 plong with a comparative 

study of biometric indices in di ffarent Chan,na species at the 

maximum size groups (Table~20)~ provide a reasonably balanced 

key to identify these species !~respective of their size, form 

and colour. Howavor, it may be wall to state hera that all these 

morphological characters are not ubiquitous and morpholcigical 

characteristics are not alone sufficient for species identifica­

tion for this group ~f fishes. 
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F'igure 1a ~ The F"ishes 
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figure 1b ; The fishes 



FIG. 1 b 

Channa stewar t i i 

Channa orientalis 
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Meristic counts and morphometric analysis has been the 

subject of classical taxonomic investigation in the past to place 

different groups of animals in the system of classification and 

to unravel their ~atural relationship. It is now an accepted fact 

that chromosomal informations of the species are essential to the 
., •• l ' 

modern taxonomists since the species are considered to be the 

objective reality of soma particular genetic community (Manna 

1969). Th~·analysis ~f karyotypes, diploid number, matrical data 

of metapha~a chromosomes, b•haviout and arrangement of chromosomes 

during division provide the taxonomists an .independent sat of 

todls to btudy the interrelations of different groups. 

Though interest on the gtudy of fish chromosomes can be 

tracad back to the thirties by referring to the works of Iriki 

(1932a,b); Prokof"ieva (1934), F'riedman and Gordon (1934), Makino 

(1934a 11 b, 1937, 1939), Svard~on and t-Jickbom (1939) etc., the study 

of karyotypes Gf" fishds has lag9ad far behind that of other verte­

brates. Out of about 25,000 ~iving spacies of fishes only about 

900 species are chromosomally known and less than 600 species have 

b~~n karyotypado This is due to ~he small size and large number in 

moat complem~nts with the result that traditional chromosome 

techniquas have not been useful for tha study of fish chromosomes. 

Thus during the. decade 1941~1950, only/ few papers on teleost 

chromosomes have bee_n published (Makino 1941 a,b, Svardson 1941, 

1945, Svardson and \dckbom 1942 and tlliekbom 194::S). The following 

decade i.a. 1951~1960• has seen a few researchers working on fish 

chrQmosomes. Nogusa (1951, 1954, 1955a.b 11 c, 1957a,b,c and 1960) 

publishad a series Df papers on the comparative study of chromosomes 

of Pisces wi.t.h part.icular considerat.ions on taxonomy, evolution end 
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sax determination. Prakken ~ !!• (1955) studied the chromosomes 

of Esox !,ucJ.,us 4 . Three populations of Atlantic salmon, §4..\.@.S sal£ 

from Canada were cytologically .investigated by Boothroyd (1959) • 

Inte~:est in tha chrom·osome eftudy of' fishes greatly 

increased during the na~t decade (1961-1970) and as a result 

about 250 species were chromosomally. worked out ( Gyldenholm and· 

Schaeln 1971). Tha'diversifiecf implications of chromosome studies 

could be well understood by. rev !ewing the following literatur.e.s. 

Sick e,t, I!.• (1962) have given. a .comparative account of haamogl~bin 

patterns and chro'mosome numbers of AmeJ:"ican, European and Japan~s~ 

eels (Anguilla). Liedel:' {1963) has investigated on the presumptive 

sex chromosomes in PeJtca0 Aca.rina and A,nguilla. Simon and Oollar­

(1963) have discussed the cytological aspects of speciation in 

two North American taleosts• Salmo gairdnori and s • clarki lewis.~. 
' -

Ojima S~.!.li!o• (19G3) have described the chromosomes of the members 

of Salmonidae fr:om the point of Cytotaxonomy. There was a great 

controversy regarding the nomenclature of chromosome types, which 

was 11 however, overcome later on as Levan 21, Ill.• (1964) proposed 

that the chromosomes should ba categorisad according to their 

centromeric position; which was universally adopted in 1966 at 

the Paris ConPerence. Roberts (1964) has investigated the chromQsome 

complements of twenty species of the family Cantrarchidae. Post 

(1965) has worked out the chromosome numbers in soma ta,leostaan 

fishes •. Ohno and Atkin (1966) have investigated the DNA values 

and chromosome number of' eight species of fishes. Becak et ~· 

(1966) have investigated the chromosomal polymorphism·in different 

individuals of' tho gl:'oan sunf'ish Lepomis cyanallus as an evidence 

of somatic segregation. Chen and Ebel~ng (1966~ 1968) and Chen 
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(1968, 1969). have given comparative account of chromosome morpho"" 

logy with spacial reference to haterogamety in certai.n ·fish 

sp~cieao Yamada (1967) has studied the chromosome~ in the emb~yo~ 

nic cell of a go by Chaenogobius · rurotae.nia ~ Ohno ~t ~1. ( 1967, 
ld - . ................................ --~ 

19681 1969) have mad~ ~ignificant c~ntribution on the chromosome 
' 1 . j . ' 

morphologyl ploidy laval and ~volution from fish to higher groups. 

Nygren at ~· (196Sa & b) have made cytological studies on perch, 

pike and aalmono Muramoto e ... t' .tl!.• (1968 11 1969) have studied the 

chromosomes of' the fish order. Ostariophysi • Book a { 1968, 1970) has 

determined the DNA values ·and karyotypes of· different coragonine 

fishes of' the Great lakes• u.s .A." and enumerated the Pindings from 

the point of' Cytotaxonomy~ Wo·lf et fl.!.• (1969) have analysed the 

DNA content and chromosome sets oP various cyprinid species and 

di~cusssd the mechanism of polyploidization in this group. Mayers 

and Roberts (1969) hava studied five populations of Al,o,s§. 

e.saudoh,arana~P~ cyt.ologically and found chromosomal homogeneity in 

all the ·populations• Prehn & Rasch (1969) and Rasch 2!. !!.• {1970) 

h~va studied the chromosomes of poacilid species and their hybrids 

from r.ttsxico. ti·itotsumachi at il.• (1969) have given a comparative 

account of karyotypes in several species of Japanese loaches. 

Ojima and his co-workers (19699 1970) have also studied the chromo• 

somes of Japanese io~ches and 6yprinids~ Chen ~nd Ruddle (1970) 0 

Chen and Reiaman (1970) ~ave given a detailed account of chromo~omes 
l' ' ' ' . 

of sevor~l species o.f F',uncf,ul,u
7
s. and· sticklebacks respectively. 

Ebeling and Chan (1970) have reviawad the chromosomal hetetogamety 

in teleostean fisl1sso Kobayasi at aJ..• {'1970) hav.:e comparsd the 

chromosomes of tne mambers of the genus Car..,asaiu,sa •. The application 

of cytog~n~tical and biochemical studies in solving phylogenetic 
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problems in the family Salmonidaa has been discussed by Behnke 

(1970). Roberts {1970) has studied the chromosome morphology and 
{·, 

sp~ciation in the Atlantic .salm~n Salmo salar. Fukuoka and 
!·. . . 

· ,. t\liiyama (1970) have reported the somatic chromosomes of" t·.~n 

.. ' ''3pscias of" plauronactid fishes, 

During the last decade, a renewed and vigorous intt:·rest 

in studying the fish chromosomes has bean observed. This has been 

largely due to technological advances, by modifying the air drying 

technique for chromoaorn~ preparation which provides comparatively 

better re~olution of individual chromosomQ~ within a complement. 

The realisation ,that karyotypic comparisons are crucial in acces­

sing phylogenetic telationships within various taxa, has been 

~qually significant~ 

A comparative study on chromosomes of' twenty species of 

killefish from the genua F"undulus has bean dona by Chen (1971). 

Kang and Park { 1971, 1973a,:b, 1974) !'lava \!JOrked out the cytogene"" 

tics of Kor~an fresh•water 'iahea. Mayers (1971) has analysed the 

chromosome. complements of the, genus Salvelinua. Nishikawa e.t. a!.• 

(1971) have reported the .chromos.ome numbers in two eel species 
. . 

(Anqui,l.la). Beami.sh et .!!.• {1971) have investigated the karyotypea 

and DNA values· of the members.' of the suborder Esocoidei. Beamish 

and Tsuyuki (1971)'have studied tha biochemical and cytological· 

differemces found in tha longnose sucker {Catostomus catostomus) 

and large and dwarf forms of tha white sucker (£.. comm,a,rsoniJ 0 

Ebeling at &!.• (197,1) have investigated the increase in genome 

size in some .. dae)p sea teleostean species. Uyeno and r·Uller (197.1) 

hava reported the presence of multiple sax chromosomes in f.IJexican 

eyprinodontid fishes~ Nygren and his collab~rators {1971a,b,c 0 d~a, 
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1972, 1974, 1975a,b) have mad~ extensive study on the chromosome 

characterization of a large number of fishes and their hybrids. 

Campos and Hubbs (1971~ 1973) have stressed the taxonomic impll• 

cations c, k~ryotype~ of gs~~~~iine fish. Tha karyotypes and DNA 

,ualuas of 15 Japanese cyprinict fishes havo been investigated by 

·. Ojima !Lt. il.,• (1912) • The karyotypes and electrophoretic variations 

for 14 species of tho genus C;or,y_doras have been reported by Scheel 

et ~· (1972). Derberovic and Sofradzija {1972) have reviewed the 

karyological data of tresh~at~r fishes from Yugoslavia. Karyotypes 

of the teleost family Esocidae have been investigated by Davisson 

(1972)~ Fukuoka (1972) has studied the chromosomes or rainbow 

trout Salmo. gairdnerl ir.ideus and reported the variation f'ound in 

chromosome number of this fishi! PEiSSakas· and Klekowski (1972) 

have analysed the cht"omosomes. ·of European eel (A,n~uilla anguilla) 

with a note on sax determination. Cimino (1972) has examined egg 

production, polyploidization in a diploid• all female fish of the 

genus Poeciliopsi~h Chernanko (1972) .has studied the evolution 

and cytotaxonomy of the family ~almonidaeo Scheel (1972) has 

described rivuline k~ryotyp~s. and their evolution. Ross (1973) 

has investigate.d the chromosome complements. of five atheostomine. 

fishes of the family Parcidae. Kirpi.chnikov (1973) has .investigat.ed 

the karyotype and evolution in Cyclostomata and fishs~. Danton ·and 

Howell (1973) have warked out the chromosomes of Af'rican polyptarid 

fishes. Capanna ft1 ill• (1973) have investigated the .karyotypas of 

. some hybrid sp~cias from the order S~lmoniformes., Nikol'skij and 

Vasil*av (1973-) hav.e recorded some regularities in the distribution 
' 

of chromosome number in fishes~ Cataudella and his co~workers 

(1973a,b, 1974, 1977a•b) have ·reported tha chromosome morphology 
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pf several Mediterranean mullGts, cyprinids and other fishes. 

UyGno, indivi~ually and w.ith his co .. worl<ers {197') has provided 

, a compar~tive account of chromosomal morphology of' a large number 

uf' fish species'! Ojima at ~· . (1.973) have worked out the karyo• 

' types of acheilognathine fishes of Japan with a disr:;ussion on . . ' 

phyl~genetic ~elationship among them~ Banding te~hniques with 

(Particular rafersnce to fish chro_mosomes are very few. Howell 

and Bloom (1973) have used differ~ntial flourescanca banding to 

study the chromo~omr;Js and spermatoz:oa of mud-minnows. Abe and 

Muramoto (1974) have investigated the chromosome morphology of 

two salmonid species, 9alvelinus leucomaanis and !• malma by 

using diff'erantial staining •. Chen and \£be ling ( 1974, 1975) have 

made a cytotaxonomical studies of Californesn ~yctophoid fishes 

and also made karyologies! studies on some Xlphophorine fish 

hybrids. The chromosome studies on Japanese gobioid fish have been 

axtensivaly done by Arai and Sawada (1974, 1975) and Arai at !\!.• 

(1974). F'ontana and Colombo (1974) have reported the chromosomes 

of Italian aturgeonso Karyotypaa of nine~pecias of f'ishas from 

the family Sa~·monidaa have beer. studied by l'-1uramoto at a!• (1974) o 

Kajdanova (1974) has inva~tigated the karyoeystematics and 

chromosome polymorphism in the family Salmonidae. A comparative 

study on chromosomes of twelve gobio.id fishes from Japan has been 

dona by Mishikawa at fl!.·· (197.4)ci Uano (1974) has in~,astigated the 

chromosomal polymorphism and isoen~yme variation in different 

populations of Pseudobagrus, aurantiacus. Itahashi and Kawase 

(1975) hava worked out the karyotypes of' five species of Cyprino­

dontidaa• LeGrande (1975) h~s studied the karyotypes oP six 

species of Louisiana flatfishes. Zenzes (1975) has studied the 

Cabanding patte~ns in Salmo trutta. Thorgaard (1976) has studied 
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the Robartaonian polymorphism and constitutive heterochromatin 

distribution in chromosomes of Salmo ga1rdne,r.ii. Howell and Villa 

(1976) have studied the chromosomal homogeneity in two sympatric 

cyprinid fishes of tha. genus Rhinichth:(S• Park and Kang (1976) 

have discussed the karyotype conservation and DNA variations in 

anguillnid fi~hoso Takah$Si and Oka (1976) have studied the 

karyotypes and o~sctrophoretic variations in loachea of the 

genus Co.b!,ti,s. A cytotaxonomical study of some frashwatar cottoid 

fishes has baen dono by Abe (1976). Ot~rtzav e.t. ~· (1976) have 

studied the karyology of the Acip~na~ridae in relation to hybrid• 

ization and taxonomical problems. Paasakas (1976) has confirmed 

the chromosome sat of Anguilla~ anguillano Kobayaai {1976) has 

compared the chromosome numbers of different races of spinous 

loa.ches, Cobitts biwaeo Oingerkus and Howell (1976) have analyr;led 

the karyotypea and Pound out an evidence of tatraploidy in tha 

rJorth•American paddle fish Po
1
lyodon spatula~ Ueno and 0 jim~ (19760 

1977) have investigated tha diploidotetraploid complexea in the 

genus Cobitia and described the (lhromosoma compl.aments of two 

species of the genus Cor,eoeerca with reference to karyotypic 

differentiation and evolution. 

Vasil-ev (1977) has studied the polyploidization and 

evolution of karyotypes in the family Salmonidae. The chromosome 

complements of different subspecies and species of Xiphoehorus 
•'' 

hav& be.en Ginvestigatad· by F"orster and Anders {1977) ., Avise and 

Gold (1977a;b) and Gold and Aviso (1977) have studied the 

cytoganetics of a large number of" species of North American 

fishes. Michele !1t. M• (1977) hava studied tha karyotypes of 

some species of the family Loricariidae • fUshikawa and his co-



workers (1977, 1978) have compared tha karyotypes of diffl:l}remt ' 

species of Japanese fishes .• Taki and his collaborators (f977a,b) 

have given a comparative account of chromosome number of' Puntius, 

from different zoogeographical regionso Kobayaai ~ a!o (1977) 

hava. studiad the chromosomes of the hybrids between different 

Carassiua spscies and subspecies. Thorgaard (1977) has reported 

the heteromorphic sax chromoaomea in male rainbow trout. Beamish 

and r'liller ( 1977) have investigated the chromosomes of gila trout, 

S.almo gil as from cytotaxonomi~al point 0· Sof'radzija ( 1977) has 

investigated the karyology and cytotaxonomy of the Leuc!acu,!!. 

species from tha waters of' Bosnia and Herzegovina • Black and 

HoU~all ( 1978) have described a dist.inct chromosomal race of' tha 

cyprinodontid fish ru.ndulus notatus from the upper Tombigbee 

riva~ system of Alabama and Mississippi. Ojima and Ueda (1978) 

have. shown tha prsaance of .a new C•banded markerr chromosome in 

carp•tuna hybrid. Pae$akss (197B).has studied tha C-banding pat­

tern in tha chromosQrnes of tur.opean eel .A,nquilla ainqu,illa,. 

Viktorov~ky (1978) has investigated karyotypic a.volution in 

chars of' the gsnua Salvalinua .• Gold at al. (1978, 1979a,b) have -·-
reported tha grQsa karyotypic change and evolution in tha North 

Am«:trican fishes .. \laoil'av !!1, a.!.• (1978) have investigated tha 

chromoaornas oP cyprinid fishes along with their hybrids. LeGrande 

(1978 1 1980, 1981) and leGra!'1de and Cavender (1900) have studied 

the karyotypes of' aevat-~1 species of' North American catfishes. 

Bunch and Nadler (1990) have studied the Giarnaa•banding p.attern 

of chromosomas of the tahr and discussed the chromosomal avolu.tion 

in thG tribe ~aprini. Sola (1980) and So.la §!. !llo (1981) have 

stu~led the chromosomes of' eel in relation to cytotaxonomy and 
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sex determination and reviewed the cytotaxonomical works on 

f"isheso Ele):'tollo §t !!• (1981) have analysed the chromosomes of 

Hoeli,a.!}. lacerdae fro~ taxonomical point of view. Johoaonet W..• 
(1981) have descrJ.bad -the karyotype of' seven species of Galaxias 

(galaxiidae) from Tasmania and interpreted the avolutiona~y 

relationships. 

It appears ftoll) the foregoing review that since 1960 great 

interest has been shown in the araa of fish cytogenetics. This 
l .. 

has resulted· in improved methodology for obtaining and. s_tudying 
'· 

fish chromosomes. ll-1ost of the methods are offshoots from mammalian 

chromosome techniquesand haS bean extensively reviswad_by Danton 

(1973) in his book ••rish Chromosome f>-1ethodology 11 ! Since t;~e pub• . . . 

lication of this book 0 a number of papers on fish chromosome 

techniques have bee11 published. Through leucocyte culture• 

Grammeltvedt (197.5) h~s Qbtained the chromosomes of Salmon. 

Toledo and F'el'rari (1976) has modified the squash technique for 

chromosome at~dies in fishes., Badr and ~l~Dib (1977) have described 

the process of fixation and staining of Illgei~ tissues Por chromo~ 

soma examinatiorto Kligerman and Bloom ( 1977) have deacribad a 

method for rapid chromosome prEapa:rations from solid tissues of 

fishes. Ida g!. §.!..• (1978) have described a technique to prepare 

fish chromosomes by .!Jl vitto. colchic:ine treatment. Park and Park 

(1979) have given a culture. tachniqua using marine fish kidney to 

obtain their chromosomes. Smith and Lemoine (1979) have found out 

that colchicine treatment results to polyploidy in brook trout. 

· Studies dn fish chromosome in India have started probably 

with the work of Sharma g,t !tl• (1960) when they determined the 

diploid chroma-$ome number in three species of fishes. Srivastava 
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and K~UJ:' (1962, 1964) have carried out the chromosome studies 

in car\ain freshwater fish~~. Nayyar· (1964, 1965, 1966, 196?) 

has worked. out the chtomosome numbers in about twentythraa 

species of fishaso Srivastava and Das (1968, 1969) have inves..o 

tigated tha .chromosomes in Cla_r,ias ba.tr.a.chus. and c'artain othor 

talaostaan fishes. Natarajan and Subrahmanyam (1968) have 

observed thliJ 'chromosome number in Tilapia mo.ssambica. E:ff'act of 

calcium treatment on fish chromosome has beon investigated by 

Subrahmanyam (1969). Prasa~ and Manna (1970) have investigated 

thr;:t somatic chromosomes of' a major carp Cirrhina mri9ala. 

Subrahrnanyam and Natarajan (1970) have investigated the somatic 

chromosomes of Therapon cuviar.: r1anna and Prasad (1971) have put ' . w 

forw$1"d a hypotf)esis on the mechanism of fish chromosome evolution. 

Pta$ad (1971) and Pra~ad and Manna (1971) have observed tho somatic 

and garn-.inal chJromoaomes of about sixteen freshwater fishes. 

Subrahmarwam and Ramamoorthi (1971-) have investigated the chromo• 

somes of the eotuarine UJOrm eel Horingua, linear is • Chatterjee a.nd 

Majhi (1973) have investigated the cf:\romqsomas of ~u.5Jil earsia •• 

Khuda•Bukhsh and Manna (1973, 1974) have studied the karyotypee 

of nina specie.a of fishes including two major Indian carps C,a.t,la. 

catla and Labeo bgta •. rllanda (1973) has investigated tha chromosomes 

of Mystus vittatus. and Omgok pabdeh Prasad and Manna (197J) have 

shown with cytological evidences that thar~ exist two forms of' 

i~~s.t,u,s vittatua with 2n number 54 and 56 as a tesult of pericantric 

invaraion and nept because of Robartsonian fusion. Manna and Prasad 

(1973) have investigated the chromosomes of three species of fishes 

from the genus. Cba.Qna,~ Vasudevan ~ !!J.• (1973) and Prasad and Manna , 

(1974) have investigated the chromosome complements of 
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H,ateropne,us.t.a~ fossilis. r~anna and Khuda-Sukhsh (1974) and 

Manna and Prasad (1974a) have investigated the chromosomes. of 

two hybrid f.ishea and fishes from the family Gobiidao raspeco 
•! ·. • 'i 

tivaly-. r~atarajan and Subrahmenyam (1974) have analysed the 

chromosomes of some teleosts from the P1:1rtonovo waters .. Khuda• 

8ukhah {1975) has investigated the somatic chromoa.omes of' an 

exotic fish; Puntius jap(Jnicu,s.• Rishi (1976) has studied the 

~hromosomea of' four species of f'i~hea~ Khuds•Bukhsh and Manna 

(1976) have studiad the karyotypes of two species of mullets. 

Rishi and Gaur (1976) have investigated the chromosomes of jet"" 

black molly and reported the presence of female heterogamaty in 

it. Das and Kar (1977) have studied the somatic chromosomes of a 

siluroid fish ~ chr~sea,o Khuda•.8ukhsh and Manna ( 1977) have 

studied the somatic and germinal chromosomes of an aquarium fis~ 

Mollienisia latipinna~ Manna and Khuda-Bukhsh (1977) have studied 

the karyomotphalogy and cytological evaluation of the cyprinid 

Pishes and provided a cheek list of' chromosome numbers in 

cyprinid fishes4 Xhuda•Bukhsh (1978) has studied the somatic 

chromosomes of an estuarine fish T.r~ypanchen vagina (Gobiidae). 

Manna end Khuda-Bukh~h (1978) have studied the karyotypes of 

three species of' fishes. The chromooomal homogeneity of two Indian 

catfishes has been l1'eported by Rishi (197B.a). The Giarnaa•banding 

patte1!'n in the chromosome of .Channa e~nctatus. has been reported 

by Rishi (1978b) •· Choudhury ·.wr_ 51!.• (1979) have investigated the 

chromosomes of s.ix species or marine fishes. Khuda•Bukhsh (1979a) 

has investigated three species of fishes 11 showing the presence of 

heteromorphic~ homomorphic and rod~lika chromosomes. The chromo­

somes of' two hill stream fishes• Barilius bendelisis and Rasbora 

danic_onius have been stu diad by Khuda•Bukhsh ( 1979b) o Petro and 
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Prasad (1979) have investigated the chromosomes of six Indian 

marine f'iahes •. t<hudaaBukhsh (1980) and Khuda ... Sukhsh !.t. ~.(1980) 

have f'urthor investigated th'ree species of hill stream fishes 

with a report on high chromosom.e number in Tor putitora6 Khuda• _r;;.,;;, _ _.. ..... 

Bukhsh (1981) has again investigated two specias of hill stream 

fishes, Labeo diplostomus; and Garra Ji!Otyl,a gotv.l,a. cytologically. 

Riahi {1901 ) 1 fUsni and Haobom (1981) and Rishi and Singh (1981) 

hava investigated the chromosome complements in si)( species of 

fishes. Sharma and Tripathi (1981) have investigated the chromosomes 
~~._ 

of a siluroid fish vJallago attu!···· from Jammu. 
o::.o.:-

The hitherto available cytological information about 

Chann1dae is inadequate and controversial. Nayyar (1966) studied 

the germinal chromosomes of C. marulius• C •. striatus, c. punctate ...... . ... -
(~ c. punctatus) •. His result (C <?• punctata 0 2n~34) has been contra ... - -
dic·t~d by t~ann& and Prasad ( 197') and Ri!ilhi ( 1973) according to 

whom the diploid number is 32~· Howeveu.~;, the karyotype study of this 

f"ish by Manna and Pl"asad (1973) and Rishi (1971) is not in full 

agreement to.each other" Similarly, the diploid number for 

Co. striatus as determined by Nayyar (1966) and t"lanna and Prasad - . 

(1973) is 40 11 but the detailed karyotype analysis is full of 

contradiction". The present investigation therefore,. was undertaken 

to determine the diploid number and chromosome morphology of five 

Channa speciss to etudy the e~tent of intra• and interospecific 

variations and to analyse· the phylogenetic relationship among the 

various members of the family Channidae. 



2. M A T E R 1 A L S A N D M E T H 0 D S 
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2., 1. T.he. f'ishas 
f I I 

Materials rot the present study comprised of five species 

of Channa viz., £.• s,t1l'iatus; · £_., barca. £.• gunct,a.t,a.• £~ stewartii 

a~d Co oriantalis (as described in Chapter 1) and ware collected -
from Gaullati {Assam) and Shillong (Mag~alaya). 

2.2 •. Chromosome preparations 

Adult individuC)lS received an intramuscular or intraperi• 

tcanial injection of o.os% Colchicine-solution at a rata of 1 ml/ 

100 gm. body_weight. The injected fishes ware then released in a 

wall aerated aquarium and sacrificed after 2•4 hours depending on 

the condition of the fish. 

Cytological preparation fo.r chromosomal s'lides were made 

from kidney ·and gonads following the technique of Baker (1970) 

with necessary modifications as desc;.ribed below. The tissues ware 

taken out, cut into fine pieces with the help of' a scissor in 

hypotonic solution (tri-sodium citrate solution O.f;9%) 0 flushed 

vigorously to make a homogenous cell suspension and allowed to 

stand fo~ about 45 minutes. The homogenous suspension thus pre• 

pared wos centrifuged at 1500•2000 rpm. for about 12-15 minutes. 

The super11atant was. removed and the residue was fixed in about 

4 ml. of freshly prepared modified Carnoy's fixativ~ (Acetic acid: 

Absolute alcohol, ~ s 3 v /v) and resuspended by v igoroua flushing, 

till a homogenous solution was obtained. This solution was allowed 

to fix f'or about 30 minutes at room temperature. The suspension 

was then again centrifuged at 1500•2000 rpm. for at least 10•15 

minutGs and the supernatant was again discarded. The cell mass at 

the bottom of the tube was r~auspended in about 1 ml. of fixative. 

Two OJ:' three drops of the suspension ware then placed on a clean 
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slide (chilled in nbsoluta alcoholDfor overnight for better 

cleaning and also to minimize the heat) from a distance end 

ignited by passi.ng the slide over a flame. Than the slide was 

kept for p~ope~ drying. Thl• preparation was either directly 

used for staining or kept ih a dust•free box for further use. 

The dried slide ware stain~d with Giamsa stain solution. 

Tha working stain solution was prepared as follows : 

(i) Preparation of buffer solution: A buffer solution of 

pH 6,.8 or 1.2 wa~ prepared by mixing two ·stock solutions of m/15 

di.,sodium hydrogen orthophosphate and m/15 Potassium dihydro·oen 

orthopho$phate in equal volume~ 

(ii) 10 ml of Giemsa stbck soltitlon was mixed thoroughly 

with 90ml. of the above buPfer solution. 

(iii) The driad slides wara then stained with the above 

solution for abdut 10•15 minutes. 

(iv) The stained slides were_than washed in distilled water 

and allourad to dry .completely. After drying0 the slides wa~e 

mounted in O'?P.x •. mountant after a dip in Xylene f'or 5•7 minutes .• 

Whenever necessary, photomicrographs. ware taken of the chromosomal 

spreads and karyotypes and idiograms were prepared. 

•/1:• 

2.3. Chromosome analysis: 

The follo.wi11g parameters ware considered while studyin~ 

the chromosome morphology: 

(i) Length of the long arm of the chromosome. 

(ii) Length of the short arm of the chromosome. 
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(iii) Arm•ratio or 'r' = Length or ths long arm 
· Length of the short arm 

(iv) Centromeric Indices = L,e,ngth, or ,the sho,rt, arp X 100 
Length of the lo.ng arm 

(v) Total langth of the chromosome~ 

{vi) Relative length of the chromosome: 

RL = I • Total lengt,h o.f a cthrpmosoma a • I I 

Total length of the whole chromosome sat. 

(vii} Number df arm• or Nr value: total number or arms in 
a complete chromosome set. 

(viii) Centromeric position and chromosome type. . . 

The position or the centromere was determined according to 

Levan !t~· (196~) 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 

been cons~derad as msdian and the chromosome has been designated 

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

centromere and the chromosome has bean referred as •am' type (sub­

metacentric). A 'r' between 3.0 to 7.0 indicates a subterminal 

cantromare·and the chromosome has bean designated as 'st• type 

(subtelocantric)~ A •r• of 7.0 to infinity indicates a torminal 

centromere and the chrQmosome has baen referred as 't' type 

(terminal) e 

Basing on the centromeric position and chromosome type, 

karyotypes and idiograma were prepaJ."ed. 



3~ R £ S U L T S 
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T~e diploid number for each species ha9 been determined 

by studying a large number of.well spread metaphase complements 

from both the sexes. Chromoso~es have been categorised following 

the suggestion of Levan et sl· ( 19 64) and grouped in the karyo­

type according to the types a~d arranged serially according to 

the decreasing order of length. Only the mean values of all the 

measurements, taken. from di ffe rent chromosome sets, were used in 

the tables for karyotypic studies. 

3.1. Chromosome of C. striatus~ 
•• 1...! • 

'""I i 
T~ establish the diploid 6hromoso~e ~umber of this 

< I • • : 

' I • I' • : • ' ' ' ,. ' • ' ' ' ' 

species~ 14'7, well spread metc:{phase .complements' have been studied. 

A~ the chr·omosome number. is fo·und to vary between 36 and .42, the 

frequency of .. o;ccurtenc;e ·has _.be.~n fol,lnd .out. for the exact 2n 

number, as fo.llo.ws : · 

No. df~dhrom~ritimes.·(~~) · ·36 js 40 42 
--------------~-----No~.-o(:,nl.J.clei'.scored·· ,.2 12. 127 .6· 

Thus t'he :chromosome cou~ting shows a definite' peak at 40 

(86~39%) and "tt1is has be'en considered as 'th'e '2n number ·for 

£~ striatus·. (Piat8 i). ;, 

' ' .. 
l. 

The ~a~.yotype of .£• striatus indicates the pr~sen~e of 4 
. . 

pairs of metap~nt~ic c~romqsqm~~ with_median centromere, 3 pairs 
:' 

of ·~ub-telocentric chromosomes, with sub-termi'nal centromere 'and 

13 p~irs of i~16centtic (oi ~c~6centric) ·chrcimosome~··with ~erminai 

centromere ·(Fi'g.· 1, Table-1). ·T:hus it. is seen that the karyotype 

c~nsi's~s of 7 p'airs .:or bi.-arriled and .13 pair~ of single-armed 

chromosomes. N~ heteromorphic chromosome pair could be detected 
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Tablo-1 : l<?ryomorphological studies~ of ·the chro.moso.ma complement of Channa s,triatus. 

Sl. Langttf of' Length o-f Total % Relative Arm Centromeric Chromo-
No. short arm lon{ arm len~th length Ratio lndices soma 

(11) ~) (tl (r) -- ·rype 

1. 2.68 :2.-B2 5 •. 50 1'0 •. 52 1.05 48.73 m 

2. 2.22 2.25 4·.,47 s.ss 1·.roJJ 49 •. 66 m 

3• 1.91 1.94 3.95 7.36 1'.0'2 49.61 m 

4. 1.53 1.67 3.20 6 •. 1.2 1 •. 09 47.,80. m 
s. 0.85 2 •. 75 3.60 6.:89 ) .• 24 23.,61 at 
6. 0.71 .2.72 3 •. 4.l 6.56 3.83 20.69 st 
7. 0.56 '2.54 3.10 $ •. 93 4.:54 10 .. 06 st 
a·. - .. '2.78 ·5.3.2 oc.! - t 

9. .. - 2 •. 51 4.,eo O(L - t 
10 .• • - .2 • .36 4e:51 O(l - ·t 

11· - - 2.22 4.;25 ~- - 't 
12. - ·- a •. oa: 3 •. 9S: <>C - t 
13 .• - - 1.97 3 •. 77 <:>oO' - t 
14. - .. 1.94 :;5 •. 71 ot1 - t 

15. - - 1.81 3.46 oc - t 

16. - - 1.,69 :; .... 23 <><::' - t 

17. - ... 1.67 3.19 ~ - t 

18. 1.53 2··93 
<>(_ t - - .. 

19. - - 1.46 2.79 o< t -
20. - - 1 .11 . 2.,12 ()(_ - t 

-· -



in either sexes• The 'Nf1 valu~ (no. of arms) for this species is 

found to be 54~ The mean length of chromosom~ ranges from 5.50 

micra to 1~11 micra. 

3.2. Chromosomes of C. barca: -
160 well ~pread metaphase complements have been employed 

for chromoso~~ counting to establish the diploid number. It has 

/ bean observed that chromosome number, sometimes varies between 

36 and 42 and therefore, to get the exact diploid number, the 

frequency of o.ccurrence has bean found out as shown below a 

No. of" chromosomes {2n) 
No. of nuclei scored 6 

'8 40 
132. 20 

42 
4 

Thus the chromosome counting showa a definite peak at 2n = 

38 (82.5%) and this has been considered as the 2n number for 

£.• 9_.q,;:ca (Plata l I) • 

F'rom tha koryomorphological analysis, it has been found 

that the karyotype of £• W..~~ consists of 8 pairs of bi•armed 

and 11 pairs of single•armed chromosomes,, which can be further 

resolved into 3 pairs of metacentric chromosomes with median 

centromate, 3 pairs of subme,tacantric chromosomes with sub-median 

centromere, 2 pairs of subtelocantric chromosomes with sub•terminal 

centromere and 11 pairs of te~ocentric (or acrocentri.c) chromosomes 

with terminal centromere (F'igo 10 Table ... 2). However; no sax chromo• 

somes or heteromorphic pair could be detected in either sexeso The 

0 NF'' v~lue for this specie~ is Pound to be 54. The mean chromosome 

length varies between 3.38 micra to Oo78 micrao 



Tabla•2 : Kal!'yomorphologi·cal studi.aa of ther 'Chromosome ·complement of' t:..h.~tn .. n.a barca 

Sl. 
No. 

1 •· 

2· 
3. 
4. 
3,i. 

6. 
7. 
a. 
9., 

10 •. 

11. 

12. 
1). 

14. 
15. 

16. 

17. 
18. 
19. 

length of 
short arm 

{1-l) 

1.67 

1.56 

0.91 
o.a9 
o.ae 
0.67 

o .•. 45 

0 •. 43 

------... _ 

----

length or 
lo.ng arm 

(1-L) 

1. 71 

'1.62 

a •. 94 

1.7.8 
1.73 

1.3.8 
1 • .56 

1.)3 

---·----· -·--
-· 

total 
lenQth 

{P.J 

2 • .)8 

J .•. 18 

1 .. 95 

2 •. 67 

2.61 

2.05 

2.:01 
1.76 
1 •. 56 

1 •. 46 

1 •. 45 

1.34 

1 .21 

1 .17 
1.14 

1.06 

1.01 

0.89 

0 •. 78 

% Relative· 
length 

1·0 •. 37 

9.76 

5 .. 68 

8.19 

8.01 
6.29 

6.17 

5 •. .40 

4 •. 79 

4.48 

4.45 

4.o11 

3.71 

3.59 
3 •. 49 

3.25 

3.10 

2.73 

2.39 

Arm 
RC!tio 
tr) 

Centro• 
me ric 

Indices 

Chromo­
soma 
·type 

.~-----------------------

1 •. 02 

, •. 04 

, .;03 

2.0 

1.97 

2.06 

3 •. 47 

J.;Q9 

ex' 

ex 

C( 

ox 

IX 

0:: 

~ 

IX 

0<. 

0( 

0: 

49.41 

49 •. 06 

49 •. 19 

33.33 

33.72 
32 •. 68 

22 •. 39 

24 •. 43 

---· 
·-.. 
------

m 

.m· 
m 

sm 
sm 
s.m 

st 
st 
t 
t 

t 
t 

t 

t 
t 
t 

t 

t 
t 

q 
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3c~3 •. Chromosomes of £•· punctata,a 

297 wall sp:read metaphase complements have bean used for 

chromosome counting to datermina the 2n number for this species; 

the result of which has_c()nv~nc~ngly demonstrated the altistence 

of two forms of Co punctate ~i%2 individuals with 2n :s 34 grouped 

togatt1at as ~· punc;,tata var.· A and individuals with 2n = 32, 

grouped as E.~ e~nct~t.a var. a 0 

3~3·1· c. punctala var~ A - . 

Karyotypic analysis of ·c. punctate var. A reveals the pre­

sence of' 15 pairs of' bioarmed and 2 pairs of single armed chromo ... 

aomss in the total complement (Plata III). On further investigation, 

lt has bean observed that the karyotype consists of a pairs of 

metacentric ~hromosomas with median centromere, 7 pairs of sub.,. 

metacentric chromosomes with submedian centromere and 2 pairs of 

telocentric chromosomes with terminal centromere (rigo 1, Table .. ))• 

Hare also no heteromorphic pair or marker chromosomes could be 

demarcated~ The 0 NF* valuo for this variety is found to be 64o The 

mean chromosome length ranges between 2o04 micra and o.aa micra• 

:So3o2o c. punctata varo a --
The karyotype consists of 16 pairs of biQarmed chromosomes 

(Platec!>IV) P characterized by the prase nco of" a pairs of" metacen• 

tric chromosomes with median centromere and 8 pairs of submeta .. 
' 

ceretric ·c;hromosomes with sub•median centromere (F"ig. 1, Table.,.4). 

No heteromorphic pair or mark~r pair could ba detected, Tho 'Nr• 
v~lua for this variety ie also found to be 64, as in the case of 

£.• punctate varo Ao The mean Chromosome length varies between 

3.84 micra and 1.79 micra. 



Table ... 3 : Karyomorpholo.gical studies or the chromosome complement or Channa punctate 
(Varie.t.y-A) · 

-·-------- --~ ·---------- -~---

Sl., Length or Length of Total % Relative Arm Centro- Chromo-
tJo. short arm lontJJ)arm length length Ratio m.eric ·some 

(~) {P.) (r) Indices Type. 

1 •. 2.51 2.53 . 5.04 ·1 0.71 1.01 49.80 m 
2o · 2.23 2.25. 4<>'48 9.52 1.,01 49.78 m 

'· ' 

2 .. 08. ·!.,11 4 .• 19 . 8 •. 90 1 .01 49.64 m 
4. 2 •. 01 . 2.09. ·4.·10 8.71 1 .• ,(}4 49.·{}2 m 
5 •. 1.45. 1.51 2.'96 6.29 1.:04 48.,99 m 
6 •. ' 1.4 1.5 2.90 6 •. 16 1 •. 07 48.,28 m 
7 •. 1.J6. '1.,.38 2•74 5.82 1.,01 4·9.;64 m 

a. 1.12. 1 •. 13. 2o'2S 4 •. 78 .1.01 ·49 •. 7B m 
9. 1 .• 25. '2.25 3 •. 50 7 •. 44 1.,18 35.71 sm 

10. 1.0?' ·1:.87. 2 •. 94 6c~25 1 •. 75 36 • .)9 sm 
11. 0.83. 1.$1 2.38 5.06 1.:82 34.67 sm 
12. 0.75 1.49· 2o;24 4.76 1 •. 99 33 •. 48 sm 
13. 0.6.3 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 .• 7.5 26.67 sm 
16. - - 1.25 2.66 c< - t 

17. - - o.aa 1.87 oC - t 



.Jlaeot4 : Koryom.orphological studies of the chromosome complement of" Chann51 
punctat..2, (\lariety-9) •. 

51~ 
length of Length·or Total ~ Hal.ative 1\rm Centro• Chromo-
short arm lon( .arm· Length l·ength ·R(tio marie soma 

r;~o •. (J.L) JJ.) {J.L} r) Indices Type 

1. 1.91 1.93 3.04 9.61 1.01 49.74 m 

2. 1·40 ,1.49' 2 !" 9..,. 7.44 .. 1 .• 01 49.83 m 

'· 1o42 1 •. 44 2o06 7 •. 16 1.01 49.65 m 

4. 1o42 1.43 2 •. as 7.1J 1 •. 01 49.82 m ,. 1.28 1.31 2 •. 59 6e.48 1 • .02 49 •. 42 m 

6. 1o19 1 •. 21· 2 •. 40 '6.01 1 •. 01 49.58 m 

7. , .•. 17 1.19 z.3s 5~88 1.01 49.79 m 

a. 1.12 1.:1 ). .2.25 5.63 1.01 49.78 m 
' 

9. 1•06 1.91 2.97 7 •. }4 1.80 35.69 sm 
10. o.s? 1.84 2.7·1 . 6•.79' 2.1'1 .· 32.10 sm 
11. 0.75 1 •. 81 2.56 6c.41 . 2.41 29.29 sm 
12. 0.68 1.39 2·07 5.18 2·04 32.85 sm 
13. Oo64 1.38 2•02 5 •. 06 2.15 J1.t$B am 
14. 0.63 ·1·28 1•.71 4.78 ~-03 32.98 sm 
15 .• 0.62 1 •. 18 1.:ao 4·51 1.90 34.44 sm 

16. 0.62 1 ·17 1.79 4.4G 1.89 34.64 sm 
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3 .4. Chromoso~es of ~· stewar,tii: 

188 well spread metaphase complements have been employed 

to determine the diploid number for this species. The variation 

in chromosome number is found to be 62 and 68~ So, to establish 

the, 2n numb.er~. the frequency of occurrence has been foun·ttt out 

as follows:. 

No.: Of chromosomes . (2n) · 
No. or. nuclei sc.ore.d 

62 
6' 

64 66 68 
·16 .. 161 5 . 

Thus. it. nas been. obsel;'~:ed. that the chromosome count~~g . . . . ,\ 
. t 

~haws a p~finite peak a~ 66 (85.64%) ~rid therefore this numb~r 

. ~s considered as the diploid. numl,ler for E: stewartii (Plate V \ 

the. karyotype consists of 12. pairs of bi~armed. and ,21 

pairs of 'single arm~d dhromoso~e's' which. could 'be characterized 

by the presence of· 6 pairs ·of' ~etacentric chromosomes with 

median centromeret 3 pairs of submetac~ht~ic chro~osbme~ ~iih 

submedian centromere, 3 pairs of subtelocentric chromosomes with 
.I ~ ' • : ' , ' • '' ' ' 

sub-terminal centromer~ and 21 pairs of telocentric chromosomes 
. ' 

with terminal ~entromere (rig~ ~~ Tableo5)~ fhe 'Nr' vaiue is 

found to be 90. The mean qhromosome length ranges.from 4.42 . . . - . 

m;cra to 0~43 micra. H~teromorphic pair or sek chr~mosomes could 

not be differentiated. . : 

3.S. Chtomri~ome~·of c. orieri~alis: .-
208 wail spread.me~aphase complements have been used for 

chromosome 6ounting to' determine the.diplbid nOmbe•· for thi~ 
' . 

species. In th~ studi~d chromosome cbmplemen~s~ th~· number is 

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



Table..;.5 : Karyomorphologica~ studies of the chromosome complement of Channa 
stewartii • 

51. Length of Length of .Total . % Relative Arm Centro- .Chromo-
No.~ short arm lon{ arm length length Ratio me ric some 

(1-L) J.L) ( 1-L) (r) Indices Type 

. 1. '2.:1.3 . 2.29 4.42 7 •. 67 1.08 48.19 m 
2'. '1 '•64 1 •. 73 3.37 5.o85 1~05 48.66 m. 

. 3 •, :1•43 1. 52 2.95 ;~5.1·2 1.06 48~~47 m 
4.· ·1.29 1·36 2.65 ; 4~ 59 1.05 48.68 m. 
5~ :1.26 1.27 2.53 4 •. 39 1 .01 49.80 m 
6.: .0.86 ·o.89 1.75 3.04 1~03 49 .• 14 ·m 
7'.: 1 .12. 2.08 3.20 5.55 1.85 35.00 sm 
a. '1 ~14. 1.97 3.11 5.39 1.73 36 •. 66 sri:l 
9. ·0 .. 58· ·1.86. . 2.44 ·4.23. . 3.:21· 23.·77 st 

10. ·0.57' 1 •. 71 2.28 3.96 3.0 25 .. 00 t;~t 
11. 0.57 ; 1,·57, 2-14 . 3.·71 . 2~75 '26~64 .sm 
12~ 0.4~ 1.29 1 ··71 2.97 3 .• 07 24;.56 st 
13. .... ... 2.15 3 •. 73 o(, .... t 
14. -. ·- 2.03 3.52 ex: - t: 
15. -· 

_, 
1·. 73 ·3.00 ,, o( ... t 

1.6 •. ... - 1.57 ' 2 ~ 7.2 ex_ .. t 
17. - - '1..56 2.71. <>( ... t 
18. - - 1~37 2.38 <><: ... t 
19. -· - 1·36 2.36 oC ... t 
20. .. - 1.36 2.36 oc.. -· t 
21. co - 1.29 2 .• 24 o( .. t 
22. - - 1.28 2.22 o<.. ... t 
23. - - 1 .21 2.09 oc:._ .. t 
24. - - 1 •. 14 1.98 eX. -· t 
25. - - 1.02 1.77 <X - t 
26. .. - 1.07 1.86 <><:... ... t 
27. - - 0 •. 93 1. 61 <><:. ... t 
28. ... ·- 0.86 1.49 <>( ... t 
29. - - 0.85 1 .48 0<! - •t 
30. - .. 0.71 1. 23 o<:. - t 
·31'. - - 0.58 1 .01 o(_ - t 
32. - - 0.57 0.99 0(_ - t 
33. - - 0.43 0.75 <><( - t 



1able~6 ~ Karyomorphological studies of the chromosome complement of Channa 
orientalis 

Sl .•. .L.e n.gth: .of· . L.e.ngth of . Total % Relative Arm Centro- Chromo-
No. short arm lon{J;L) arm 'L'ength. · '!e.ng.:f;;h Ratio me ric· some 

.· (P.) · .. (~) . (r) Indices Type 

1 • 1·.14 1.115 2.29 8 •. 07 . 1 .• 01 49.78 rri 
2. . '0.8'6 .. 1.72 2·.58 . -7·.·18 2.0 33.33 sm 
~~ 0.71 . 1. 71 2 •. 42 6.74 2.41, 29.34. sm 
4. o:s8 1.29 1~87 5~20 2~22 31.02 am 
5• - ' . -~i- 1.79 4.98 & - t 
6. 

: -· -· 1 .71 4.76 -~ ... t 
7~ - - 1 ~57 4~37 e:: ·- t 
8. - . , ... 1.43 3.98 cc. .... t 
9. ·- .... 1 •. 36 3.79 0( - t 

.. ' 
1 ~29 10. - -·. 3~59 .tOe' ·- t 

11. ' .. '1~1 1 .14 . 3.17 ,(X ... .t •' 

12. * ··: '!"'' 1.07 2.98 ~ ·- t 
13. '. . "' i Q.93 2'.59 t .... - bC -· 
14. ... , . ' ... 0.91 2 •. 53 rx ~· t 
15. .... -.. 0 •. 86 2.39 C( - t 
16. -· . -> .m .. 84 . 2.34' .OC .,.; t 
'17. '!"" . . . ._. .0,.83 2 .• 31 6(' .. -- t 
18 •. -· - '' tJ'. 79 2.19 ex. --. t 
19. ' ·o. 11 2 •. 14 t - -- ex .... 
20. -· '- 0.71 1. 98 ex - t 
21-. "" - 0.71 1,.98 CX' - t 
22. - .. 0.66 '1 ~87 C( ... t 
23. - '-- 0.64 1 .• 78 fiX - t 
24. . CDc". ·- 0.58 '1 •. 61' cc . . - . t. 
25. ' 0 .• 57 1·59 t -· - ()( -26. ~ - 0 • .57 1.59 e(' - t 
27. 0.56 1.56 . 

t '- -- Of -28. 
, .. 

0.52 1.45 t - - C< -29. "" - 0.51 1.42 C< - t 
30. ... - o.so 1.39 I!X - t 
31. ... -- 0.43 1.19 cc - t· 
32. - - o •. 42 1 .17 rx - t 
33. 

» 0.41 1 .14 t - - 0<. -34. ·. ~.. ·: - ·- 0.41 1.14 0( - t 
35.·. - - 0.36 1·00 EK - t 
36 •. - - 0.35 0.97 0: - t 
37. - - 0.29 0.81 It)( - t 
38. - .. 0.28 0.78 tfX. -. t 
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the exact 2n number; the frt?quency of' occurrence for such 

variants are round out as shown balowa 

No. of chromosomes (2n) 
• l I I I I 

76 78 00 
No~ of nuclai-'acored 2 174 28 7 

Thus the chtomosome counting shows the peak when 2n = 76 

(82.71%) and this has been considered as the diploid number of 

this species (Plate v·I). 

It has been found that the karyotype ()f £.• ori'entalis 

consists of 4 pairs of bic;oarmed and 34 pairs of single armed 

chromosomes. Tha karyotype is characterized by the presence of 

1 pair of matacantric chromosomes with median centromere, 3 pairs 

of aubmetacantric chromosomes with sub-median centrom.ere and 34 

pairs of telocentric chromosomes with terminal centromere (F"ig. 

2. Tableq6). The 'NF' value is found to b~ B4. Thi mean length 

of chromosomes varies between 2~29 micra and 0.28 micra. No 

heteromorphic pair or sex chromosomes could be detected in the 

karyotype. 



4. Dl. S C U S S I 0 f~ 
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Chromoscnna ~~udies in f',ishas have baan found to be 

extremely difficult becausa of' their small size and high number 

and probably~ therefore0 out of' the 25j000 existing fish speciss 0 

only 1000 or so are cytologically worked out (Sola et fU...• 1981) ~ 

However, with tha advances in the methodology, our knowladg~ on 

fish chromosomes is- being ant>ichad everyday. 

Review of literature .reveals that there exlst.s at prase.nt 

a considerabl• uncettainty •nd confusion among fish cytogenetic• 

i~ts in interp~et!ng the natura of the •st• -typ~ of ~hromosomes 

with reference to '~;heir numbet of arms • t~hile a large number of 

work.ers has considered the •st' type as single armed, an equally· 

large number has considered the •.st' type as bi•armed and there 

are. instances that. researchers. who aa:-lier considered the * st' as 
\ 

single armed later changed their stand in favour of the bi•armed 

status (Menna ar:td Prasadi}J 1973 and f4anna and Khuda•Bukhsh -~ 977). 

We ara of the opin~on that the 'at• type of chromosomes should be 

considered as bi•armad while determining the NF" value, because t.he 

vaty basis Qf categorising the chromosome depends upon_ the arm 

ratio and an atm. r~tio less than 7.0 racogrllaes the presenee of 

two arms in the ctlromosomes ~oncerned (Table ... ?). .,. 

The diploid chromosome number of £• . .-s ... t-.r...,ia~t-.u;;;;s-.. was first · 

reported by fdayyar ( 1966) according. to whom• the karyot ypes :con .... -

sisted of 10 matacantric and 30 rods whic~ amount to Nr SOc. Manna 

'and Prasad.(1973) While reporting the same· diploid number (2n=40) 

·for C,o striatus gav.e a chromosome formula I 2n e~ Bm + 2sm + 16st + ...... . 

14t which according to the present concept accepts the NF' as 66• 

the present investigation confirms the diploid number as 40~ 
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However, ths chromosome fornnile 2n = Bm + 6st + 26t, determined 

by us does not fully agree with the findings of r-'lanna and Prasad 

(1973). While tha number of matacentrica is same i.e. 8 in both 

the findings., the gross differences can be boiled down to the 

single submetacant:ric pair they have recorded in the karyotype 

as according to their observation~ "The karyotype consisted of 

4 pairs of rnatacentrics, 1 ·pair of sub_matacentrics and 15 pairs 

l)f' rod~shaped ones" • A pericentrlc inversion in a rod shaped 

chromosomo may convert it to a submat.acentric one which may wall 

account fo.r the difference in the two ·karyotypes. It may be wall 

to state here that different karyotypea with a constancy in the 
< . 

diploid number' has been reported in Anguilla anguilla (Chiarelli · 

at. al. 1969, Passakas 1978, Sola et al• 1980)0 Anguilla australia ._...-- . . ..... : ...... 
(Nishikawa ·2-t !!!.• 1971 1 Sola st alo 1980) 0 _Anguilla roatrata (Ohna 

et al• 1913 0 Sola at' al.~ 19~0), Oncothyncht,ts kisutch (Simon 1963, ........... ......--

Uyeno 1972) 0 s·almo :gaitrtdner,i, (Cuellar and Uyeno 19729 l'-1uramoto 

§!!. al• 19740 Thorgaard 19760 1977); Salve linus f'cmtinalis 

(Oav isson a ft!•· 19?211 Cai;audella e~t •. i.l.· 1973b II f"'uramoto 2.t. fU.• 
1974~ Ac.heilQgnathus lanceolatus (Ojima ~ !!• 1973) and a large 

number of other fiat, species • 
. : 

The ch.romosomeo of Channa barca is being reported foJ:> tile 

first time~. Tho diploid n~ber ia 38 and the chromosoms formula 

2n = 6m + 6sm + 4st: + 22t and tha Nf' is calculated as 54. 

Tho ka'r_yotyps study of Channa punctate shows t?e ex~stencs 
. . 

of two forms.!' Nayyar (1966) reported a diploid number of 34 {16 

metacentrics and 18; acror;:entrics) from populations collected .from 

the river Yamuna and its adjoining tributaries near Delhi. Riehl 

(197J) observeda diploid number of 32 (5 pairs of metacantric11 9 



Tabla•? : 6ross karyotypic analysis of diff~re~t ih~nn§ app. 
studiedo 

Species 2n m sm st t MF' 

1. Channa atriatus 40 a - 6 26 54 

2. Channa bare a 38 6 s 4 22 $4 

3. Channa punctate 
(Variety-A) 

34 16 14 .c!t 4 64 

4. Channa.eunctata '2 16 16 ·- ·-· 64 
(Varlety•B J .. • 

5o Channa atewartli 66 12 6 ~ 42 90 

G. Channa oriantal.is 76 2 6 ~· 68 84 
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pairs [)f submetacantric and 2 pairs of' acrocentric chromosomes) 

from populations eollscted f~tom ponds near Kurukshetra. r"lanna 

and Prasad (1973) also obtained a diploid number of 32 (origin 

_ presumably Kalyani0 t!\lest Bengal) and observed "all the chromosomes 

had a second arm of' variable length and none was devoid of' it"• 

·ou~ observations Prom apecimans otiginating from ponds and the 

. Brahmaputra syst.ems around Gauhatip Assam have revealed the 

presence of two forms with fundamental dif'farences in chromosome 

number and morphology •. The form A has a diploid number of 34 (16m 

+ 14am + "i·t) and form a possesses a diploid number of 32. (16m + 

16em) o Though the 2n numbers. or the two forms apparently correaRond 

with the previous works (l\1anna and Prasad 19730 Rishi 197); 2n=32 

and Nayar 19663 2n=3.4h, the karyotype compositions and Nf' values 

differ- considerably. The existence of more than one chromosomal 

forms_(with different diploid numbers) has been reported in several 

fish species. Manna and Prasad (1974b) have reported the occurrence 

of' two forms of f·1ystua vittatus (Bagridaa) having 54 and sa .a~ 
' . 

diploid numbEU:'St They have claimed that pericentric inversion or 

centromeri~ ~hift and not simple Robettsonian ~rinciple is the 

underlying causa. Recently LeGrande and Cavender (1980) have dis ... 

covered two chromosomal races of' f\loturus f'lavus (Siluriformesl 

Ictaluridae) with diploid numbel."s of 48 and 50 which appear to be 

easily explainable as a Robertsonian tearrangement. Robertsonian 

rearrangament~l rof'er to ths fusion of two non-homologous single 

armed chromosomes to give rise to a bi•armed one and conversely 

the formation of two single armed chromosomes by the fission and/ 

or dissQcietion of a bi-armed chromosome •. Such evants ha~a Prsquen ... 

tly been creditQd as a major oparati\le procedure in the evolution 
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of f'ish karyotype (Gold 1979). It has been claimed that centric 

f'usions are mote common than centric dissociations (Denton 1973, 

LeGrande 1978) thus suggesting that decrease in diploid number is 

the more favoured pettJw~y ~n ka~yotypic evolution in fish. 

Considering this conce.pt we would like to suggest the two pairs 

of 't' chromosomes of' form A have given rise to one pair 'sm' 

chromosome of'. form a through fualono The difference in metrical 

analysis of the ttul;) forms may be easily explained by taking into 

consideration that some amount of chromatin may be deleted at 

various times dul:'ing the tranaf'ormations. lt may be wall to re• 

collect here that morphometriC analysis and meristic counts (ReP. 

Chapter I) failed to di f'fe!'sntiate the two f'orms • A detail i.nvesti""' 

gation involving breeding ~xperimants Wl')Uld perhaps be the only way 

to dissect the taxonomic status of the two forms. Nevertheless, the 

presont finding ~:>eaff"irrns the importance of chromosomes as a 

.valuable tool for the taxonomists ct. 

The detailed chromosoma analysis of Chan,n.ct s,tew.arti_l has 

been carried out for the fir~t time · (2n=66; Nr=90; 12m + 6sm + 6st 

+ 42t). 

The .karyotype of Channa otientalis (c: £• 51echua; i\1enon 1974) 

as described her$ 0 differs marked~y from that of £.• gac,hua_ as pre• 

sentad by Manna and Pr~sad (197)). ln contrast to our findings of 

76 chromosomes, of which 2 ~along to 9 m' type, 6 to 0 sm9 type and 

the rest (69) to •t• type 9 they have reported a diploid number of 

78 consisting of 1 2m1 12sm; 4st, 14t and 36T chromosomes. It may 

be st~ted that aarlier c~ orientalis and c. oachua (o., gachua) ... .. ~ ... 
were regarded as separate spacias (Day 1878). 



The femalaa of bo~h the forms of c. punctate have slightly -
larger chromosomes than· that of' the males~ Homever, in tna. other 

Chan,na species t:he variations observed were not significant •· The 

difference may be attributed to. some unknown physiological factors 

assentlally und~r genic control (Manna and Prasad 1973). In a 

further analysis it has bean revealed that th~ total·length or 

chromosomes in different specia,s varies from 32.58 micra to 57.82 

micra and two groups can be tantatively made on this basis Y.!!..· 

{i) ·£_. W£.fl {32oS8 micra)~ £• oriantal,i,s, (J~o94 micra) and 

c. punctata var. B (39o94 micra) and (ii) c. ~unct.ata var. A (47.07 
·~ .rl I I ~I . ' . ... 1 

micra), £o striatus ($2.28 micra) and £.• atewartli (57o82 micra)o 

It is interesting to note that the 1\JF" valuas of £• ·e.u,nc.tajt.a, var •. A 

and £• gunct,a.ta var~ a (Nrc;su4) and that of £.•~ barca end .£.striatus 

(NF'=54) are samo 8 but they differ in the tot.al length of .their 

chl!'omosomas., It has also been noticed that tha maJCimum. and minimum 

lengths oP the. biaarmed chromoso.mes for all the species are with.in 

the same rang~ except in ~" s.tiriatue which. is characterized with 

comparatively larger .chromosomes •. In case of single armed chromo• 

somes 11 except £• ~t,riat,U;Ss all the species show a decreasing trend 

in their mean length with tha increasing number. 

Tha teleosts in general, display relatively high diploid 

number~ (around so)o whereas. in the comparatively advanced group 

( ~Jeoteleoats) the diploid chromosome number rarely exceeds 24 

(Hinegardnar and Rosen 1972, Stingo 1979)., Karyot ypa made up of: 

bi•armad chromosomes merely d.iffering in size are considered as 

symmetrical.; while the karyotypes exhibiting marked differences .in 

the chromosome shape and size are defined as asymmetrical •. The 

latter ia further te1:med as unimQdal when they lack microchromosotnaa 
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(Stebbins 1971, Morascalchi 1975). It sppaars, therefore; there 

exists considerable degree oP chtomosomal heterogeneity among 

the Channids .• ttlhile E.• e.unctata. var. a qualifies to ba categorised 

under the type syrninetrical~ · the rest can be labelled as ~.s~s)~mlfi~:£,r,i­

cal: Unimodal type. 

AQcordirog to Gold (1979) 1 three primary mechanisms ¥4;"_._ 
polyploidy, aneuploidy and RobeJ'tsonian rearrangement can be held 

responnibla fot chan9as in chromosome number to be established 

duJl'ing the course of evolution. The difference in the karyotype 

and tha pathway of speciation has been convincingly explained 

through Robertsonian alterations in a large number of fi~:~h family 

(Simon 1963D Denton 19739 Park 1974, LeGrande 1990). However~ it 

is extremely difficult to explain the great diversity in the karyo­

type. of the diffetent CbNJ,f\A apacies solely through Robertsonian 

principlos. The basic inference f'rom Robartsonian principles is 

change in diploid number without accompanying change in NF (Books 

19740 LeGrande 1981) 0" Howevsr 0 according to the present invastiga• 

tion0 not Qnly there is a wide range in the diploid number (32...,76) 

among the different members, th~ Nr values also vary significantly 

(64·90). In .absence of data on comparative nuclear DNA values of 

thesa five species; no comment on diploid-tetraploid relationship 

seems to bs justified. Moreover, the analysis of total chromosomal 

·length and studies on meiotic behaviour (Manna and Prasad 1973, 

Dhal' unpublished), is not indicative of polyploidy among the dif'f'o 

erant species. The importance of" pericentric irwersion and/or 

centJ;"omeric shift along with Robe.-tsonian events in f"ish evolution 

have been stressed by variouf) workets (f'1anna and Prasad 1971,. 

LeGrande 1981) • The present knowledge of the karyology of the 
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Channidae doas not l"avaal a clear cut pathway of karyotypic 

evolutiono ~owever, considarif1g all the information available, 

we are of' the opinion that Robertsonian ~lterations superimposed 

with pericentric inversion and/or centromeric shift have been 

~he major mechanism behind karyotypiQ •volution in Channidaeo 
/ 

The presenoe of' asymmetrical karyotype in all the Cha.nr.m. species 

except £.• pu"ctat~ var., a tends to support the concept that all 

of tham are comp~ratively primitiva than the latter. It is now 

widely accepted that tha most fundamental karyotype of' fishes 

consists of approximataty 48 acrocentric chr.o.mosomes (Nogusa 1960, 

Pos·t 1965) and the.,e is a te11dency for evolving groups of fishes 

to have fewer chromosomes through bi•arm formation (Denton 19731 

LeGrande 1978). Recently Marina and Khuda-8ukhe1h {1977) have sugg• 

estad that in$.t~~d or all being of rod-shaped., the primitive 

karyotypas oonaist~·d or 48 cht-omosomea with different morphology ...... ·. 

as it would involve lass sttuct.t.u:al raarrE,mgamants in tha evolution 

of different karyctypes. than if thay wal!'e to be derived from all 

rods. Both c .•. s.t.riatus and c •. b.arca with Nfa54 and diploid ·number 
.co . . ... ' . . 

of 40 and 38 ;rospectivaly seem to be close to tha primitive karyom 

type. The karyotype of the former might have given rise to that of 

the latter by the fusion of 4 't' chromosomes and alight modiflca• 

tio" in the position of the centromere of some bi"f>armed chromosomes 

through cant.romeric shiftf'lc Robet'tsonian alteration through fusion 

of 8 't* and pa~icantric inversion in 10 9 t 9 will result in the 

karyotype of C. punctata var• Ao It has already been suogested 
... - F 

that centric f'usi.on involving 4 't's of c .. punatata var. A will 
-.. ~ 1 a . 

give rise to the karyotype of £.• eunctata var •. a. li'Jhile the iritar-

ralaticnship beturoan the karyot ypaa of £.• or.ie'\tA.lJ.\ and 



110 

£.• a,t!l;W.i;l'tii, is apparent (20 t t' change to 10 bioarmed through 

fusion and 6 • t • · be coma bi•armad by pericentric inversion ).1 it 

is extremely difficult to find out tha relationship of these two 

species to the.· • so•calJed' main line in the Channid speciation. 
. . . ' . 

£.• OJi;iantal,i£ has a diploid number. axactl y double of that of 

s_., bJ!.l'Cjih May be mainly polyploidy co~pled with Robartsonian 

alterations or pall"icentric inversion had a role to play. It may 

also be argued that by a compla~ series of pericentric inversions, 

centric disso!:ia~ions, £_., oriantalia evolved from £.e~ bare~. In the 

karyot.vpi.: avC)lution of' Chiroptora0 the direction of:Robartsonian 

alt.erations (fission/fusion)' s~em~ to mov_e indifferently in both 

direct~ono (Ca.panna_ and Civit$111 1970) • But it should .also be 

.remembered that the usual t.rend as ob$erved in F'ish karyotype 

evolution is indicative towards ~eduction of chromosome number. . ... ·- - . . . . . . 

Recently LeGr~nde. (1981) has suggested the po$·sible occurrence -of 

centsromeric terminalization prior to fusion as an operative factor 

in the evolution of' lctalurid karyotypes. This may also be applica• 

ble to the complexity of' relation~hip_ between the~e two karyotypeso 

Considering all the available facta ~nd the ~oncept that in the 

absence of' the primitive numbet in several families bacauae of 

marked differ~nces·in the karyotypes; the karyotype evolution in 

fish has been mu~tidirectional (Denton 1973, Park 1974); we have 

suggested the possibl~ ways of speciation in th,ls family (F"ig.:s). 

Perfe~tion of' the banding techniques Por fish; is hoped to unravel 

the probla~ in futu~e• 

It is wsll accepted that correlations between morphologic and 

karyologic evolution are hard to understand (Benazzi 1973). Though 

the morphotaxonorniats have placed the snake•heads under a distinct 
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ol"der with a ~ingle family, it is often difficult to identifY, 

them by morphometric and meristic criteria. Kal'yologically.t.i how­

ever, each speciea.ia remafkebly distinct~ Again on the question 

whether thaae fishes as a group should ba treated as primitive 

or advanced, karyologic data leads us to utter confusion. It we 

consider their air•bJreathing nature.0 the symmetrical karyotype 

of £.• eunctat,Sl var. a, should be regarded as an advanced or 

specialized group. The a$ymmetrical karyotype of the rest r>f the 

species, on the other hand., is indicative of the reverse. In 

addition, suft>icla.nt fossil records are not available to throw· 

any light. 

Though there are few reports on the presence of sex 

chromosomes or heterogametic individuals in fishes (Liede~ 1963, 

Chen 1969, Ebeling and Chen 19?0.1 Uyeno and Muller 1971 0 Rishi 

and Gaur 1976~ F"~rster ~nd Anders 1977, Cataudalla and Sola 1977, 

Thorgaard 19770 F"ilho et M..• 1900), no heteromorphic pair Olt' sex 

chromosomes co..,ld be d~tectad in the presently studied species 

which is in accordanc:;e with th~ current concept that the sex 

chromosomes in fish are in ver'y low grade of' differentiation and 

hence not morphologicelly distinguishable., 
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Plate-I : Metaphase spread from kidney and 
karyotype of Ch;€\nna stJiJAtu.~ · 
(a) ft1ala (b) famala (c) Karyotype 

(bar represents 10~) 
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Plats-XI : Metaphase spread rrom kidney 
and karyotype or ~hg~n~ barca 
(a) Male (b) F"emale (c) Karyotype 

{bar represents 10~) 



PLATE-II 

I . , 
I 

a 

10 ,...u 

c 



Plate~IIt : Met~phase spread from kidney 
and karyotype of Channa punctate VaroA"' 

(a) i·1ale (b) F"emale {c) Kar·yotype 

(bar rapresent.s 10J.l) 
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Pla~e.,IV : Metapha$a spread f'rQm kidney and 
karyotype of Channa ,tpunctata \far. e. 
{a) Male (b) Female (c) Karyotype 

(bar tepresents 10~). 
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PlateaV : Metaphase spread from kidnsy and 
karyotype or Channa stewartii 
(~) Male (b) Karyotype . 

(bar represents 1 01-L) · 

•. 
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Plate VI : Metaphase 
karyotype 
{a) Male 

{bar 

spread from kidney and 
of Channa orientalia 

(b) Karyotype 
represents 10j.L) 
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Fig. 3 
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Hypothetical kCJryotype evolution among different 
Channa species. The first number from the left • 
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n u m be r, the m 1 d d I e number r e pres en t s t h e 
number of acrocentric· and the last number 
represents the NF value. 
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Due to the existence of morphological plasticity among 

individuals, conventional morphological characters are often 

round to be insufficient to give the exact data to resolve species 

problem. On such·cases, biochemical and physiological approaches 

a~e Pound to be potentially more useful adjustment to the convan• 

tional taxonomic criteria. 

The exploitation of biochemical avanta in terms of taxonomy 

mainly dep·e;nds upon the presence of enormous specificity or macro­

molecules and metabolic processes at every taxonomic level which 

are basically same in the lowest and higt')est organisms. Moreover, 

numerous fundamental questions concerning the species-structure 

and process of' speciation seem capable of' baing ansUJSred by stud ... 

ias concentrated at the molecular level. 

Differences in the morphological features between and 

within a species .are greatly influenced by dif'f'erent environmental 

Pactors (Barlow 1961). It is therefore, presumed that such pheno• 

typic differences may be reflected in their physiological and 

biochemical processes. The !}equantial events of biochemical changes 

have been found to be controlled by differential activity of 

appropriate genes. Through the process of genetic transcription and 

translation, new proteins with specific genetic information from 

DNA molecule are aynthesized~ Thase new ptoteins are either 

structural proteins or functional proteins. The functional proteins 

are nothing but enzymeso In other words, it can be said that enzymes 

being proteins, are the products oP genes. So alteration in the 

enzyme activity ·indicates the alteration of the activity of 

~6-rresponding gene (Markert and Ursprung 1974). 
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It is wall established that the metabolic pathways are 

multlsteps procesa~s, each step is catalysed by a particular 

functional protein or enzyme.· It has been further observed that 

each cell type and tissuo, cont~ibutlng to a specific organ, 

contains a specific set of anzymeso The presence of a specific 

enzyme {i.e. functional protein) in a particular organ of an 

organism enables the organ to perform a spscific function. Thus, 

it is expected that the morphological adaptations to environmental 

fluctuations are closely related to the biochemical adaptations 

through changes in the· functional proteins. It has been observed 

that the relationships between certain enzyme and morphological 

differentiation is so close that often the appearance or disappaaro 

ance of a specific enzyme is considered as a 'biochemical marker' 

(Scholl and Anders 1973, Brody et al. 19760 Reinitz 1977). 

The variation in ths primary structure of proteins, leading 

to the surface change can bo detected by electrophoresis and this 

technique has.been round to be useful in studying problems invol• 

ving different taxonomic ranks from relationships between orders ·to 

t'elationship between species. In this aspects, 'Polyacrylamide gal 

electrophoresis' (PAG£) 0 is found to be more advantageous than other 

existing electrophoretic techniques as it giv~s a better rasolution0 
IS t\-e 

of separated proteins andimoat economic as well as easy to carry 

outo The study of electrophoretic pattern of enzymes and other 

proteins reveal the overall genic variation and can be used to 

examine the genetic relationship between two or more forms. f.!Joreover, 

electrophoresis is capable of revealing a large portion of allelic 

variation at a ~pacific locus, making it possible to calculate the 

frequency of specific alleles in different populations (Case 2A §.!.~ 
1975) .. 
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Studies on proteins with reference to fish groups are so 

enormaus that any attempt to review all the literatures will 

always remain inadequate .. However, it may be noted that a negli­

gible percentage of these works has been devoted to taxonomic 

problema (O'Rourke 19"1'4) .. · A vary comprehensive review is presented 

hera which could ba taken as a representative one, mostly dealing 

with investigations on tissue and serum proteins, estarases and 

lactate dehydrogenase (LOH) with particular reference to the 

genetics and systematics or the fish concerned. Though the first 

attempt on such investigation can ba dated back to Nuttal•s (1904) 

work on comparative serological study on certain fish species, the 
' !. 

next fifty years ·almost drew a blank until Connell ( 1953) reported 

the pattern of th~ skeletal muscle proteins of codling by el~ctro• 

phoretic technique. Lillevik and Schelomar (1961) have studied the 

species differentiat.ion in fish by electrophoretic analysis of 

skeletal muscle proteins. B.ooke (1964) has reviewed the variations 

found in fish serum proteins in relation to spacias specificity, 

. phylogeny and environmental conditions. Sanderz (1964) has electro• 

phoretically investigated the serum proteins in three trout species 

and their hybrids within the family Salmonidae. Markert and 

F'aulhaber (1965) have investigated the lactate dehydrogenase iso• 

enzyme patterns in 30 fish species end observed that all these 

species have one major isoenzyme system with two minor ones (in 

~ya and gonad) and on tha b$ais of this they grouped these fishes­

into four categories. fJyman (1965 0 1966) has investigated the 

species specific pro~eins in fishes along with intra• and inter• , 

ripacific variations found in them and suggested their uaefulnesa 

in biochemical systematics~ Shaw (1965) has reviewed the variations 
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found in dit"P.al!'ant enzyme syst~ms through electrophoretic tech­

nique and eommonted on theii significance in biological sciences 

and research. fJyma.n (1967) has reviewed the protein variation 

found in salmonidae. Tsuyuki g.t lU.~t (1968) have studied the con­

tribution of protein electrophoresis to rockfish systematics. 

Chen and Tsuyuki (1970) has investigated the protein elec­

tropherograms of Tilapi,a. mo.ssambica and lo melan,op_teura ... Clayton 

and f'ranzin (1970) havo studied the muscle lact~te dehydrogenase 

iaoanzymas of lake whitefish (C,or,esonus, cl,upeaformis) which 

providad an additional evidence for the probable tettraploid natura 

of salmonid fishas" Polymorphiams of lactate dehydrogenase and 

glycerol ) .. phosphate dshydl;'ogenase isoenzymes in mergim populations 

f'rom tnglish chann~l and approaC'hes, have bee~ studied by Dando 

(1970) • Holmes and t:lhitt (1970) have investigated the esterase 
·:.:1 

"\ 

iaoenzym~s of Fundulus,heteroclitus during developmental stagas-

L indsay e.J;. §.!.• ( 1970) have invostigated the presence of protein 

vaxoiations in different sympatric populations of C_o,reqonus .. 

cl,upoa.f'or,ma~. and described the possibility of speciation under 

selective preasura~ Interspecific differentiations of serum pro ... 

toins in the. blood of blacl< sea fish (mullet) have been investigated 

by Senke.vich and Kulikova (1970) • The presence of LOH F.: 4 isoenzyme 

in addition to the us,ual A4 and 8·4 isoenzymes in Xip~ophorus helleri 

eye have been studied by Whitt and B~oth (1970) and it has been 

suggested th~t probably it plays an important role in the blochemia 

atry of vision., 

·Dando (1971) has studied the lactate dehydrogenase polymor­

phism in flatfish (Hetarostomata) where species-specific isoenzymes 

were dotected in heart and muscle extracts, with individual 
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variations in certain species·• Adaptive la.ctate dehydrogenase 

variations in the geographic populations of' the crested Blenny 

Anoplarchua have been reported by Johnson (1971). 

Vrijenhoak ( 1972) ·has revealed gena tic relationship of' 

hybrids to their progenitor$ using LDH isoenzymes .as gene markers 

in Poacil,io,e,a,i,s. The presence of mono and polymorphic protein loci 

in the population of tetraploid salmon species onco,rhynchu,a. ke,ta 

has been reported by Al tut<hov at. al •. ( 1 97 2) • The occurre nee of 

centric fusion and trisomy for the LOH·B locus in brown trout 

Salvelinus. fontinalis have bean studiecJ by Davisson 2J:. .§.!.• (1972) ~ 

Thirtyone apecie.s f'rom the family Scorpaenidae have baen electro ... 

phoratically investigated for ~ix enzyme systems by Johnson ~~ ~~ 

(1972) which could be used as chemotaxonomic parameters •. The bioche• 

mical genetics of the atlantic salmon ~qlmo, .9.,.a,l.ax;. have been discus­

sod from the point of significance in population identifications. 

Baron (1973) ha~ investigeted the serum proteins in 

SJB,rcjinall,a. f.P.U,r,i,t.A• Davisson s,t i!.• ( 1973) have anal yaed the pseu• 

dolinkago oP LDH loci in the tel~ost genus Salvelinus by doing 

repeated hybridization at inter specific level• Genetic polymor­

phiama of' LOH iaoenzymss in tha carp Cye,~inus c,ar.eio have been 

studied by tngel at alo (1973)., Hamoir et al. (1973) have discussed ........... ...... .... 
the muscla protein patterns of coelocanth Letimsria chalummaa. 

Johnson !!i ~· (1973) have investigated the genetic polymorphisms 

and heterozygosity in thr-e species of rock fish genus Sabastea. 

Kirpichnikov (1973) has investigated the biochemical polymorphism 

and microevolution in fishes. Scholl and Anders (1973) have inveao 

tlgatad the electrophoretic variations of enzyme proteins in 
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platyfish and CSwol!'d•taila (Paeciliidae)ct Scholl (19?3) has 

compared a randomly selected sample of loci (including those for 

LOH) in Xiphophorina species to comment on the extant or bioche• 

mlcal ovolution in this fish ge~us. Tr~eller s~ Al~ (1973) have 

studied the prote.ins in herting C~liu,eea na,re,r.tgt!! by electrophoretic 

methods. Whitt et alo (1973) have studied the developmental and 
....... --=;t. ' 

biochemical ganatics of lactate dehydrogenase. isoanaymes in fish. 

O'Rourke (1974) has extensively reviewed the biochemical 

and immunological invastigationa done on fish groups and discussed 

their implicatio"s as taxonomical tools. Tt"uvellar e.J:. a!• · ( 1974) · 

have investiga~ted tha distribution of esterases in C~px;inus CJ&,J.l!.i,o, 

by using polyacrylamide gal electrophoresis. Tsai and Yang { 1974) 

have studied tha serum and muscle proteins of' Blennioid fishes 

fl!'om Taiwano Vonada and lshihaka {1974) have studied the blood 

sert.Jm proteins f.:rom·Chum salmon Oncorh~nchua keta and cherry salmon 

Q.• truMf.OU. tlY using disc electrophoraais •· 

8asasibwaki (1975) has compared the electrophoretic patterns 

of lactate dehydrogenase and mal.ate dehydrogenase isoanzymes in 

five lake victoria cichilid species a Baatos ~.· al11 {1975) have 

investigated the elac;trophoretic patterns of muscle proteins of 

the fish genus Lyt,f.sanu.s.C! Noire· Mester and Tesio ( 1975) have studied 

certain Blennidaa elactrophoretically with special consideration 

to systamatic.s"' 

Allendorf et !!.• (1976) have studied the genetic variation 

in Scandinavian brown trout S~lm~ ttutta and found distinct sympaa 

tric populations amon~ them. Brassington and rargus~n (1976) h~Je 

studied the l.DH and esterase enzyme systems in roach·and rudd and 
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in their natural ·hybrids and investigated their utility in stock 

identification. Brody ~~ ~· (1976) have described the genetic 

control of three protein markers in carp populations and their 

implication in breeding have bean discussed~ Champion and Whitt 

(1976) have investigated the different gene expression in multi­

locus isoenzyme~ of the dav,eloping green sunfish" Dzhabarov (1976) 

has perfo.tmed an electrophoretic study of the blood serum proteins 

of Chalcalburmea chalcoides and Lucioperca, luci()perca. Moav ~ !!.!:.~ 

(1976) have discussed the advantages and methods for application 

of electrophoretic genetic marke~s to fish breeding. Reshatnikov 

(19'76) has d.i,acussad the electrophoretic method and its applica• 

tions to systematize the fish group Salmonidae. Yardley and Hubbs 

(1976) have electrophoratically investigated two species of 

Mosquito fish with not~a on genetic subdivision. 

Ahuja §.t. ~· (1977) have investigated the tissue specific 

asterases in the X'iphophorin fish Pl.atypo,ecilus maculatus, 

Xiphophor,u,s, holleri .. and their hybrids. Alexander (1977) has studied 

the protein concentration in the serum of the Atlantic salmon from 

14orthwaat England and f\lortheJ:'n I.reland. Allendorf t}.t, sl• (1977) 

h~ve detected .t~e isoenzyme loci in brown trout and discussed the 

findings from population- lavel~h Child ( 1977) has studied the bio"!! 

chemical polymorphis.m in char• rranzin and Clayton {1977) have · 

studied different enzyme systems in various geographic populations 

of Onc~;X:h,lnc,h.us. clueeaformes, and discussed the evolutionary patterns 

of spaciation. Association of' alloanzymas and temperatura in 

crested Blenny Anoplarchus, purgur.esce"a has bean invgstigated by 

Johnson (19?7)., Leslie and Vrijenhock (1977) have analyzed the 

. natural populations of' Poeciliopsea monacha with reference to 
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allo*nzyme inheritance and patterns of mating~ Matkert (1977) has 

reviewed the applications or ·isoemtyme studies in biological and 

.medical researcho f<.1snzel (1977) has. worked out on morphological 

and elactrophoratic identification~ of a hybrid cyprinid fish" 

(r~otro,e.is ca
1
rasi.".Ysi X !!•S.• cor nut us) with a discussion on implica ... 

tiona of' the study on evolution of No.tropis
1 

albeolus. Reinitz 

{1977a) has investigated the ~nheJ:"itance of muscle and liver types 

of supernat.ant NADP dependent isocitrate dehydrogenase in rainbow 

trout Salmo. gairdnarli along wi.th a test for association of trans-

. farrint~ and lactate dehydrogenase phenotypes with weight gain. He 

(1977b 11 c) has also studied thirteen protein systems in rainbow 

trout and cutthroat trout and their hybrids and found that only 

phosphoglucose isomerase could be ysad for the distinction of the 

two species studied.- V'alenta at al-. ( 1977) have investigated the ........... 
genetic polymorphisms and isoenzyme patterns of lactate dehydroge• 

nasa in tench (Tinea tinea) P. crucian carp (Carassius carassius) 

and common carp (Cyprinu.s, c,arpio). 

Braune (1978:) has studied the immunological properties of 

lactate dehydrogenase isoenzyme- in trout. Buth and Burr (1978) 

• 

have investigated the isoenzyme variability in the c;::yprinid genus 

Compo stoma • Cross (1978) has investigated four isoenzymea in tiss .... 

uos of' interspecific hybrids or the fish family Cyprinidae. Herzberg 

(1978) has studi~d asteras& patterns of the surface mucous o¥ 

T;ilapi,a. specie$ and suggested their implications in identification. 

Kimur~ (1918a) has investigated the protein polymorphism and gene­

tic variation in the populations or the loach Cobitis de,licata.. 

Electrophoretic variations of enzymatic and nonenzymatic proteir,s 

were also investi-gated in eight populations of Missurnus 
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angioll,ecaudatus by him (197Gb) from the point of protein poly­

morphisrn and gaograp.hic ·variations o Nefadov e.~ a.l.o ( 1978) has 

investigated the muscle 'esterase polymorphism in horse mackeral 

of the Northeast Atlantic. Paulov and Hensel (1978) has described 

the protein spectJ,-a in t.ha skin0 swim""'bladder and serum of' few 

members of' cyptinid fishes o The genetic bas is of' protein (LDH ~> 

MOH; GPI and PGM enzyme syst.ems) polymorphisms i.n f'undu,lus 

h,e,tor,oc,litus, have been investi·gated by Place and Power· (1978). 

Ribeiro and Toledo (1978) have studied the lactate dehydrogenase 

isoenzyme in neotropica~l fishes~ Genetic variability of proteins 

Jn six species belonging tQ ~iploid and tetraploid forms from the 

order Salmoniformes: has been investigated ·ror different populations 

by Salmer1kova and Omelchenko. (1978)., Shami and Bearbmore (1978) 

h~ve studied tho an,zyme variation found in the guppy Poepi.lJ..a 

retisulat,rv .A biochemical method basing on enzyme variability has 

been suggestod by Sidell e.\ W...• ( 1978) to distinguish striped base 

and white perch, lar~al:lo Taniguchi and Tashima {1978) h~ve studied 

the genetic va~lat~~n of liver sat~rases in red-sea bream. Valenta 

(1978) has investigated the polymorphism of A0 El and C loci of 

lactate dehydrogenase isoenzyme in European fish species belonging 

to twentyone g.enera of Cyprinnidaeo. Wiseman ~ !!!• (1978) has given· 

an alectrophoratic av idence. for subspecific differentiation and 

intergradation in Etheostoma se.ectabileo 

Diebig a.J.. .f!!• (1979) have. inves,tigated the biochemical poly• 

morph~am in musela: and liver extracts and in the serum of the . ' . 

rainbow trout Salmo gairdneri. 8 rody a,ti ~· ( 197·9) have COiilpared 

tha Chinese and European races of common .carp by studying thirty• 

bhree isoenzyme loci•· 9uth (1979a,b 11 c) has investigated the isoenzyme 
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Vl:)riability in a number of Cypriniformea fishes with reference 

to the genetics and biochemical systematics. f"ujio and Kato (1979) 

have carried aut starch gel electrophoresis for fifteen enzymes in 

41 species and discussed the genetic variations found in different 

populations. Hadfield Wf. !l!.~ (1979) have studied the clinal var-ia• 

tion in electrophoretic and morphological characters betwaen two 

nominal apaoias of the genus; Psoudomugil,Q Kijima and f"ujio (1979) 

hava !nvastigatad the geographical distribution of IOH and l..DH 

iaoenzymes in chum tlalmon populations. Klar and Statnaker (1979) 

have investigated the variation found in muscle lactate dehydroge• 

nasa in snake valley cutthroat trout §..~lfllo, cla£kii subspecies. 

Kornfield at sl• (1979) ~eva studied the biochemical and cytological 
r . 

differences found in cich:tlid f"is.hes of the saa of Galilae. f"ish -· 
species identification by ~sing thin layer isoelectric focussing 

has been enumerated by Lundstrom ( 1979) • Morizot and Siciliano 

(1979) have studied the polymorphisms, linkage and mapping of' four 

enzyme loci in tha fish genus Xiphophoru,s," Nagai and Sadaaki (1979) 

have distinguished the Japanese, American and Europaaneal by study= 

ing the isoenzyme patterns in them. Philipp e.1f. alo (1979) have 

imiestigated 33 loci of enzymes and isoenzymes for two closely 

related species of fish f·1icropterus salmoidea salmoidas and Mo. 
. ~ ' . ... 

ctolomi,a,ni, and compared the evolutionary pattern of differential 

gone exprossiori~ Lo.pea at £1!• (1979) have given a phylogenetic in­

terpretation of .chromosomal and electrophoretic datar:; obtained from 

Columbiformea. Sassaman and Yoshiyama (1979) investigated tho geo• 

graphic variatior; o:f' lactate dehydrogenase isoenzymes in 

Anoplutchus eurpurascans •. Starmach (1979) has done electrophoratic 
t ~ J t t- - .. I 1 

separation of blood serum lactate dahydrogenase,transferrin and 
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estereses on polyac~yl~~ida' gel in seven carp bread line~. En~yma 

polymorphisms in carp c,mrinu,s c,~rpio of Rupsha breed have been 

discussed Prom genetic point of view by Tiit .{1979). Polymorphic 

prot~ins in carps (£.• c,a.mi,ol ~nd in tinch (Tinc,a. tinea) have 
. .''\ 

! \• 
'.\ 

bean investigated by Valanta at a!• (1979),. \ 
'\ 

I\, 

Busack at s!.• (1980} have investigated the Eagle lake trout· 

morphologically., cytologically and biochemically and hypbthesizad 
. <:: 

that tagla lake ~rout ha& originated from rainbow troutg either 
' ".\ 

\ . 
by immigJ!'ation or introduction of the latter to that particul..@r 

local~tyo Te~raploid catostomid genus H,me.n,t,el
1
ium has been subjsc~ 

ted to. electropho-retic analyais of' about 40 presumptive isoenzyme 

loci by Buth (1980) who discuss:ed the findings from. the point of 

svolution and provided a biochamic~l kay for identification. Buth 

at §ll• (1980) hava investigated 23 presumptive ~nzyme loci in ten 

population$ of the. percid aub•ganus Mic.r,operca and discussed their 

relationships and differences among all the members of the sub­

genus. Comparini and R.obino· (1980) have reported the existences of 

two $pecies of ~nquil,l,a, leet,oeephali, as confirmed by electrophoretic 

studies. Studies ~n isoenzyme patterns in armoured catfishes by 

Dunham at &!.• (1980) have show'l the levels of duplicate gane 

expression in them. F'erris and Whitt (1980) have studied the genetic 

variability in species with extensive gene duplication in tetraploid 

catostomid fish~s •. fischer a ... t. !J.• ( 1980) have enumerated the evolu• 

tion of five multiple isoenzyme systems in chordates. Grant et alo 

(1980) have used biochemical genetic variants for identification of 

sobbeye salmon Oncorhtnc;hus. narka stock in cook inlet, Alaska. 

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

in Th;ajr,aqa
1 

chal,co,gramll!a from the point of population structure and 
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stock iclantification.> Turner 2l:. i!!.• (1980a) have invest:igated 

differential gene duplitati~n i~ ~ Me~ican fish (genus Skiffia). 

s·akaizumi at §!_. (1980) have described the alloanzyme variation 

in wiid populations of' the· fish D,r,'i.zi,as l,atip,e~• E:volutionary 

genetics of a gynoganatic fish Poecilia formos~ haba bean studied 

elactrophoraticall y by Turner ~ !1!.~ (1980b) • ~,inans (1980) has 
. . . ~ ' . . 

studied the geographic variation in the milk•fish Chano.s chanos 
' . . ' ' ., 

with biochemical evidences. 

Ravia~ of literature' reveal$ that works on biochemical 

genetics· of Irtdian fishes are vary scanty in comparisons to the 

work~ done in·thB rest rif the' world• However,· Chandrasakhar (1959} 

has studied th• blood ptoteins· of fiVe lndian carps belonging to 

the family Cyprinidae. Das (1961) has investigated the blood bio­

chemistr~ for three lhdiah carps. A comparative study on the 

tissue ptotains of some catfishes has been carried out by Hussaih 

and Slddique (1974). Menezes:{1975) has investigated the aye lens 

and serum proteins of Sardinell.a sardinella l,o,ngicep,s, by using 

electrophoretic technique~" Kristlr,aja and Rege (1977, 1979) have 

~ada electrophoretic studie~·on the gen~tlcs of two spebies of 
' 

Indian·carp and their fertile hybrids. Basu at !1!.• (1981) have 

studied the· egg proteins· in N,otopterus noto2ter,us and fv1ystus 

v,itt,a,tu~s •• Oh'ar ana Chatterjee (1982) have made· electrophoretic 

inve~tig~tibris o~ the protein variations in two Channa species~ 

I.t is. amply cla~n from the foregoing review that although 

the fil3h. fauna is vary rich in· India, not a very large number of 

species/genus/family has been subjected t_o biochemical ·investiga• 
. . . ' . . : . . 

tiona on taxonomic problems·. The main pu~posa of this study is to 
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determine the amount of variation within and between the difr­

a~ent Chann1 spocies\so.as to unravel their relationship. Sub­

sequently, ws. have used electrophoretic estimates of soluble 

proteins., estarasas and LOJ.f enzymes as an independent tool for 

dat_ermining the genetic ~haractaristics of' the various members 

under this wide-ranging genus. 



2~ M A T E R I A l S A N D 
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In the present invastigat~on 9 five species of Ch.aQIJ~· viz • 

.g.. stria.tus1 .£~~ barca1 £.• punc;tata; £.• stswar.t ii and £• oriental is 

have b.een employed., The fishes ware collected Prom and around 

Gauhati (Assam) and Shillong (Meghalaya). To avoid ontogenic pro• 

~lema, fishes. ware collected dut"ing the same season and fl;'om almost 

·the· same environment. Only the adult fishes were used for the study. 

f"ishea ware brought to the laboratory in live condition and accli• 

matized in a well ~erated aquarium for atleast seven days, and then 

subjected to investigations~ 

2 o2 • Pol yacrylamida-Gel Electrophoresis:. 

Polyacrylamide gel electrophoresis of serum, soluble tissue 

proteins and two enzyme systems viz. E:sterasas and LDH of the 

different fish species was performed according to Davis (1964) 

with suitable modificatiorts whenever necessary. 

2.2 .. 1o Preparation of tissue homogenates: 

The different tissues employed were brain, heart, liver; 

kidnay0 muscle and eye besides the blood serum. Tissue homogenatas 

·were prepared as follows a as soon as the fishes were sacrificed,. 

the particular tissues ware immediately removed from the animal and 

placed in a cold isotonic solution, (NaCL~ o.,15M). Aftar·a couple 

of minutes, ths- tissuec; I.!Jas blotted and weighed accurately and 

placed in a glass homogenizer, containing measured volume or cold 

homogenization medium (0.251'-1 Sucrose solution). The tissue were 

homogenized carefully in the medium keeping the tubes in cold ice• 

mass so that no. denaturation occurs. Generally 10%~ 5% or 2.5%­

homogenates ware prepared depending on the maximum weight of' the 

tissue taken. 
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2.2.2. The Extraction# 

The structural elements ware removed from the homogenatea 

by dif'ferential centrifugation. Tissue extracts were obtained by 

centrifuging the homogenates at 15,000 x g for 15 minutes at 4°C. 

The resulting clear supernata~t contained the soluble protein. 

The residue was discarded. Tha clear sup~rnatant was subjected 

for eurther analysis. 

For separation or serum, blood samples were collected in 

clean glass centrifuge tubes after cutting the caudal region of the 

fish and allowed to stand for one hour at around 37°C for clotting. 

The samples were then centt"ifuged at 2,11 500 rpm., for 15 minutes. The 

clea,r sera, thus, obtqined ware used for subsequent analysis 

(Chandrasekhar 1959). 

2~2.3. Electroph~resia: 

l'llhan particlss of effective charge ( Q) is forced to migrate 

in a viscous medium (liquid or gel) by action of an electric field 

(potential gradient, Eo), th9 phenomenon is generally called as 

Electrophoresis (Maurer 1971). The ,driving force which acts upon 

the particle migrating with constant velocity is equal to the fric­

tional resistance (r) which the particle must overcome in the 

medium, i.e. 

QE = f 
The electrophoretic mobility or a particle is defined as 

q = ( cm
2 

'F" i7hi t ." X' Sec' •) 

where 'd' is the migration distance or the particle in time 't 9 • 

V is the velocity and •r• is the frictional resistance• 
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In disc electrophoresis~ a discontinuous separatinQ system 

is used with regards to pH value, buffer composition and gel pore­

size in which Polyactylamide gel serves as the matrix. 

Disc electrophoresis is carried out with small columns of 

polyacrylamide gal consisting of three layers, in suitable contai­

ner like cylindrical tubes. The three layers are- (i) a large pore 

spacer or staking gel, (ii) a small pore separation or running gel 

in which the sample constituents are separated and (iii)' a large 

pore sample gal containing the sam~la solution. Electrophoresis is 

performed with a vertical column or gels attached to two different 

reservoirs~ samplo gal uppermost,. attached to an upper reservoir 

and the lower. end submerged in the buffer solution· of the lower 

reservoir. Elect-rodes are placed in each reservoir and polarity is 

set so that the sample ions migrate toward~ the amall pore gal~ A 

~oltaga is applied for a specific time. The gel is then removed 

from the containe~ and placed for a period of time in a solution of 

protein fixative and stained. Unb6und dye ia removed f~om the gel 

slowly by washing· in 7% acetic acid and then the gel is preserved 

in a suitable solution. 

(A_ve 

. Stock solutions : These soluti.onsjstored in bm wm bottles 

in a refrigerator and their shelf life are upto several months. 

Stock A (pH 8•9) 1N.HCL : 48 ml 
Tris (hydroxymethyl) 
methylamine : 36.6 gm 
N,N,N,N • Tetramethyl­
Ethylinedianine : 0.23 ml 

( TEME~) 

' • I The volume is made. 
• I upto 100 ml. with 
t 
: distilled water • 
• ' 
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Stobk B (pH 6.7) 1N.HCL : 48 ml 
TRIS : 5.,98 gm 

TEMED : 0~46 ml 

Stock C Acrylamida : 30 gm 
rm-t.!Jethylenabis­
acrylamida (e,1g) : o.a gm 

Stock D Acrylamide : 10 gm 

BIS = ~.5 gm 

Stock e Riboflavin 
Water (dist.) 

: ·4.0 mg 
: 100 ml 

: 40 gm 

I The volume is made 
' f up to 1 00 ml. wi t.h 

• : distilled water. 

I Tha volume is made 
' I upto 100 ml with 
I distilled water. 

t The volume is made 
f upto 100 ml with 
J distilled water • 

Stock F' Sucrose 
Water (dist.) : Volum~ is made upto 100 ml 

with distilled water. 

Stock G Ammonium Pero 
sulphate l Oo14 gm 

Water (dist.) : Volume is made upto 100 ml 
with distilled water. 

1M. Stock OuPf~r Solution (pH 8o3) TRIS. .; 6 gm 
Glycine : 28.8 gm 

f"or reservoirs, a 1 0'~ strength is ~'lfater 
used; out of this stocl< solution. 

Washing solution for destaining Acetic 
and storing• Acid 

\-Jatar 

: Volume is made 
upto 1000 ml 
with distilled 
water. 

: 70 ml 
1: Volume is made 

upto 1000 ml 
with distilled 
water (7% Sol.). 

F'ixative Stain Solution {for protein) : 1% Coomassie 
Brilliant blue of O.S% Amino Black is prepared 
in 1% Acetic Acid Solution. 



162 

Sometimes 12% TCA was used as protein fixative prior to the 

~taining and 1% Bromophenol blue was also used as indicator 

solution. 

2.2.1~2. tquipmanta uaed: 

Tha 'Size of the cylindrical gel tubas used were about 10 em. 

in length with an inner diameter of 5 mm., These tubes were fixed 

vertically in the electrophoresis running chamber, consisting 

primarily of upper and lower_chamber and with platinum electrodes 

in each chamber• The upper and lower chambers were the bufPer 

reservoirs~ Arrangements were there to hold the gel tubes vertically 

in the upper reservoir and to make a link with the lower reservoir. 

The additional equipmenta comprise of electrodes. cables and a 

power supply (S ystronic 604), gel tuba racks for loading, rubber 

ca'tps for closing one end of the gal tube and polymerizing lamps, ..... 

needle arid syringe, test-tubes etc~ 

2.2.3~3. Gel Systems and their composition: 

1. Separation Gel System : lt was pre~ared always just 

before use by mixing the· stock solution in the fallowing propor• 

tions (mixing ratio V/V) : 

Stoc.k A -1 part 
Stock c ·- 2 parts 
tilatar (dist.) - 1 part 
Stock G - 4 parts 

2• Spacer Gal ·System ; It was prepared by mixing the stock 

solutions in the following proportions just before use as follows: 

Stock 8 r-d 1 part 
Stock 0 ... 2 parts, 
st.ock E -1 part 
stock F' -· 4 parts 
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About 1 ml. to 1.5 ml., (upto 7 em" in length of the gel 

tubes) of the separation gel oystam,was poured into the gal tubes 

which were capped at the bottom. Care was taken not to form any 

air bubble in the gel column. A few drops of distilled water ware 

carefully layered above tha separation gel system to proVide a 

plain gal surface• The gal tubes were then left undisturbed for 

about 2·3 hours at room temperatura for polymerization of the 

separation gal system. After polymeri~ation• the water from the 

top of the gel column were removed carefully and about 0.2 ml• of 

the spacer gal s,ys.tam was poured carefully into the gel tubas 

(about 1 em. length of the gal tube was covered). A few drops of 

water ware again layered ~bove this gel system and the gel tubes 

were left unde_r flourescence l.ight for 30·45 minutes to polymerize. 

The gal tubes ware then fixed' vertically as described by 

Davis (1964) in the disc electrophoresis chamber• The upper and 

lower chambel!'s of the apparatus were PiJ!lled with 1M Trie_-Glycine 

buffer (pH a •. 3). About 0.1 ml. of the test solution was directly 

poured over tha spacer gal system after removing the water layer. 

The remaining vacant part .of the gel..,tubs was ·filled mith the 

buffer1 used for the chambers. Than both the upper and lower cham• 

bers ware fill,.ad with buffer completely •. One drops of 1% Bromophenol 

blue indicator solution was mixed in the upper buffer chamber. After 

all these preparations, the apparatus was placed at 4•5°C (inside 

a refrigerator) and the two electrodes ware connected with the 

electrophoresis power supply. A current strength of 1.5 rnA/gel- · 

tuba was p~ssad through for a period of 10 minutes. Than the current 

strength was raised upto 3 rnA/gal-tube" When the bromophenol blue 
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indicator ring had reached the bottom of the gal-tuba, the currant 

supply was stopped and the gal-tubas were removed from the upper 

chamber. With the help of· a long n.eedla and water force, the gels 

from tha gai~tubes were removed carefully and immediately subjec• 

ted to different treatments to obtain different banding patterns. 

2.2.4. Visualization of se~um and soluble tissue proteins: 

f'or protein bands, the gals were immediately transferred to 

12'~ TCA solution and kept· there f'or about half an hour for protein 

fixation. Then these were removed to staining solutions (Amirlo 

Bleck or Coomassie brilliant blue) and allowed to stand for about 

15-20 minutes, depending upon the' concentratiqn of the staining 

solutions. After .removing from.t~e stain0 gals wore washed in dis­

tilled.water and stored in 7% Apatic acid solution for dastaining. 

a y chan~Ung the acetic acid solution for several times (until the 

banda became clear)~ destaining was per.formed and then they were 

.stored in 7% ac.etic ac.id solution permanently. 

The visible bands were counted and categorised as dark 1 

medium and light bands depending upon the intensity of the staining. 

Electrophoretic mobility or Rr values were determined for each 

bands. Photographs ware taken and banding patterns and gels were 

drawn for diagrammatic tapresentation. Numb~ring of the bands for 

protein is done from cathode to anod~ (No. 1 being the least mig• 

rated band). But for esterases, it is done just in reverse way, 

the farthest migrated band (towards anode) is designated as band 

number oneo In case of LOH, it is same as eaterases. 

2 .. 2.5, Sepa·t,ation of" Isoenzymas: 

Since ~aoantymes of an enzyme system are protein of the same 
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configuration but with slight differences in the molecular weight 

and electrophoretic mobility, the above mentioned separation 

technique can be used for their detection. In this case, the gels 

were treated with specific stain mixtures for specific enzyme 

system with incubation peri(:)d• However, in certain steps, certain 

modifications were made to get proper bands. F'ixation was done 

with 7% Acetic Acid So~ution,.. 

A• Lactate dehydrogenase (LDH) 

F'or lactate dehydrogenase isoenzyme study, the above menti­

oned technique was used for separation, Only instead of indicator 

solution, the running time (about 2· hours) was considered. The 

staining solution was prepared (for 6 gel-tubes} as follows :• 

1M Tris-HCL (pH a.o) .• 2. 5 ml. 

1N Lithium lactate Std. Solution - o. 5 ml. 

NAO (8•Nicotinamida adenine dinucleotide) - 80 mg. 

PMS (Phena%ine mathoaulphate) 

NBT {p•Nitroblue tetrazoliurn. chloride) 

CO!" 1o2 mg. 

- e.o mg. 

Then the whole mixture was diluted with distilled water and 

the volume was made upto 50 ml~ After the running, the gels ware 

directly placed in the above solution mixture and then incubated 

at 37°C for 15 minutes. LDH bands were violet in colour. 

S. Esterasas".!) 

In the case of esterases also the same technique was used, 

only the gel running turns was about 90 minutes. EsteJ:"ases ware 

studied by using o(•napthylacetate as ·the substrata. The. staining 

solution was prepared {for 6 gel-tubes) as follows :-



166 

Substrate • o.s gm. of c<'-napthylacetate 
25 ml. of Acetone 
25 ml,. of t4ater (distilled) 

Solutions - 50 mg. fast blue R R salt 
2.5 ml• of 1M Tris-HCL Solution (pH 7.0) 
1.5 ml. of Substrate 

In the abQva mixture, distilled water was added and the 

volume was raised to 50 ml. After placing the gels in this staining 

solution, they wat:e incubated at 37°C for about 15 minutes. The 

.esterases bands appeared as brick ish colour rings • 

The number of bands for both the cases were determined and 

the elect~ophor·etic mobility for each band was calculated out and 

studied properly. Photographs were taken and diagrams were also made. 

2.2.6. Inhibition studies of Isoenaymes: 

Both Lactate dehydrogenase isoenzymea and E:sterases were 

subjected to difPerant inhibition studies, using a number of 

inhibitor. Tna different inhibitors used were as follows :• 

F"or LOH • (i) Heating upto 55°•65°C 

ror Esteurases (i) £serine. sulphate • 1o•3r-1 to 1o•5M Soln• 
(ii) Oiisopropylfluorophosphate - 10~3 to 10-5M 

(iii) Cupric Sulphate - 10CD3M Solution 

(iv) Urea •· 10M Solution 

GtS~ 
Procedure: (1) During inhibition studies; the gels ware allowad to 

sta,..d in the usual staini~g buf'fer which also contained the inhib i­

tor with th~ required strength at roo~ temperature f'or about 30 

minutss. In case c{f LDH, gels were dir.ectly incubated at 37°C for 

15 minutes. 
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P'or estarases, after the_ first step;. the gals were stained 

by the usual procedure, only the_ stain contained the substrate 
f 

which was not·applied in the first step. Incubation time was 15 

minutes at 37oc. 

ror heat inactivation, -the extracts were placed in test 

tubes and subjected to heating as mentioned for an hour or so~ 

Than they were cooled, centrifuged and subjected to elet;trophore­

sis and finally staining was done a• usual. 

Th~se gels ware subjected to densitometric analysis with a 

spectrophotometer (BecKman) for exact correlation of the bands. 

2.3. Quantitative Estimation ~f Protein•: 

Quantitative estimation of protein is necessary so that a 

kn6wn amount of protein can be loaded from the sample of different 

tissue.a f'or electrophoresis. Protein was determ~nad according to 

the procedure of Lowry a_t W.• (1951). 

Principle: Proteins when react with rolin Ciocalteau 

(Phenol) reagent, form a blue colour, the intensity of' which at 750 

nm. is proptirtional to th~ amount of prote~ns present in a sample. 

The final colour Jl'eactions ara.tha bi-uret reaction of phosphomyl• 

ybdg!ic phosphotungstic·reagent by tyrosine·and·tryptophan present 

tn the treated protein~ 

Reagents ; Stock A : 1% Cuso4 solution 

Stock a • 2% K-Na-tartrate • 

Stock C : 25& Na2co, in 0.1t~.NaOH. 

0.5 ml of the stock A was mixed with 0.5 ml of Stock 8 and 
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\ha ~olume was made upto 50 ml. with stock c, just before usa 

and this was treated as alkaline solution. F'olin•Ciocalteau 

reagent was prepared by diluting this with equal amount of 

distilled water just beft)ra use (th'ics made it 1 N in acid). 

ProcedlJra:' ·5 ·mi of' alkaline solution was added to 1 mL. 

of test solution• They WEU'~ mixed thoroughly and allowed to 

otand at room tempe:rature for 10 minutes. o.s ml~ of distilled 

F"•C•reagant was added :rapidly with immediate mixing. After .30 

minutos, read the extinction against appropriate blank at 750 

nm. in a spectropht')tometer (Beckman). Protein concentration was, 

determined after preparing a standard curve, using Bovina serum 

albuman. 

For convenience, during experiment at least three amounts 

of sample with different dilutionE) were used. These are as 
J 

follorus =-
0.2 ml. of sample diluted with O.J ml. of dist. water. 

0.1 ml. of .sample diluted with 0~4 ml. of dist. water •. 

o.01ml. of sample diluted with 0.49 ml. of dist. water. 



3. R £ S U L T S 
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J~1~ Cytoplasmic soluble proteins: 

J.1.1. Channa striatua # 

The total number o.f bands in brain, heart, liver; kidney, 

mu•cle, aye and barum axtfacts have been found to be 7, 11• 9t 10, 

1 o, 14 and 13 respectiv.aly (F'ig.1; Plate 1) •· In brain, band numbers 

2 and 6 have been found to be dark, band number 4 is medium and the 

rest are found to be light in staining intensity: in heart, band 

numbers 1, 2, 3 and 6 are found to be as dark bands while the rest 

could be cate.goti~ed under light bands. In liver also, only two 

categories of bands have been observed, band numbers 5 and 6 as 

dazok bands, while the rest are light bands. Similarly in kidney, 

band numb~rs 3 and 6 have bean found to be comparatively darker 

than the rest of the bands. ln muscle, most of' the bands were cate• 

gorised as dark bands E:lxcept band numbers 2, 41 7 and 9. ln eye, 

band numbers :3 11 7 and 10 are categoriaed as dark bands and the rest 

are of light category. In serum, except band numbers 50 6, 11 and 

13, all the visibie bands are c.atagoriaed as dark bands • lt has been 

observed that though certain tissues exhibited equal numbers of 

bands, the dis.tt"ibution and patterns have been found to be distinct 

from each other• on·the other hand, certain bands in different 

tissues have shown similar mobilities. Such bands are considered 

as homologous bands (F'ig~ 1). 

3.1.2. Channa barca : 

The total numbe.r of' soluble protein bands· in brain• heart, 

liver; kidney, aye 1 muscle arid serum extracts have been represented 

by 12. 13 0 7, 15• 12~ 12 and 11 bands respectively (Figo2; Plate II). 

In brain, band numbers 50 9, 10 and 11 could be designated as dark 

bands while in heart extract, band numbers J; 4, 6 and 10 are dark 
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~nough~ But in liver extract~ only band number 5 has been fo~nd 

to be of' d~rk category. In kidney extract, band nr;~mbers 2, 6, 7 

and 9 could be considered as dark bands while in eye 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 bandsutlile 

in serum 8 bands (i.e. number 1~ 2, 41 50 7, 8 and 10) have been 

found to ·be· dark in intensity. The. rest of the bands in all the 

tissues are either light or medium. Similar to the previous obser­

vation in &.• s,ttia.t,u.s_., hare ~lso it has been observed that some of 

the tis~ues possess same number of b•nds but their distribution 

and pattern~ are totally tissue•sp~cific. However, few homologous 

bands have also been observed in different tissues (Pig. 2). 

3~1~3. Channa punct~ta : 

Channa punctat~ shows the presence of the maximum number of 

banda of soluble proteins in ~11 the tissues. Their total number in 

brain, heart, liver, kidney, eye, muscle and serum have been found 

to be 10• 17, 13, 14, 121 7 and 15 respectively (rig.J; Plate III). 

ln brain, band numbers 4, 7 and 10, in h~art band numbers 1, 40 6 

and 9, in liver band numbers 1, 4t 5 and 8, in kidney band numbers 

4, 7 and 10, in eye band numbers 1~ 3, 5, 60 9 and 11 and in serum 

band numbers 1, 3, 7•·12 and 15 have been categorised as dark bands. 

In muscle, except band number 6, all other bands are found to·:lba 

dark in intensity. The distribution and patterns of bands in diff~ 

erent tissues are found to be distinct from one another though 

certain homologous bands are also observed in different tissues. 

3~1~4. Channa ~tewartii : 

Ths total number o, protein bands in brain, heart. liver, 
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kidney, muscle and eye extracts have been found to be 13, 10, 

11~ 91 8 and 11 respectively (Fig.4; Plata I~). In brain• band 

numbers 11 and 13 are dark~ band numbers 3, 4, a and 10 are of 
• i • • ~ 

medium categqry and the r~st are ligh~ in intensity •. In. heart, 

band number 3 is dark in intensity, band numbers 7 and 8 are 

medium bands and the rest are light b~ndso In liver, no dark bands 

;could be detected. However; band numbers 5, 6, 7 and 9 are of 

medium type. In kidney, band numbar 5 is a dark band, while band 

numbers 4, 6, and 7 are medium bands and the rest ate light bands. 

In muscle, band numbers 5 and 4 are considerably dark while band 

numbE;Jr 7 is Qf medium typa and the rest are light bands. In eye, 

band numbers 1, 4• a and 11 are of medium category and the rest 

are light in intonoity. Here also some homologous bands have been 

found among different tissue proteins. In certain tissues (heart 

and ~ya) the total.nu~be~ of bands are found to be the same, but 

th~ distribution and patterns are quite distinct from each other 

(F'ig. 4). 

3.1.5. Channa oriental!$ : 

The total number of protein bands found in brain, heart, 

liver, kidney, muscle and eyo are 10~ 13, 12, 14, 11 and 12 respa~ 

ctively (Fig.S; Plate V). In brain extract, three dark bands (1• 

8 and 10) and two medium bands (3 and 5) have been observed. In 

heart, band number 7 .is comparatively darker than the rest while 

band numbers 2, 4, 9 and 11 could b~ ~ategorised as medium bands. 

In liver, band number 6 is found to be dark while band numbers 4 

and 9 are 9f m~dium category. In kidney extract, band numbers 6 

and 11 ate dark type while band numbers 5 and 14 are of medium 

type~ In mu~cle extract, band numbers 2, 4, 7, 9 and 11 are of 
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dark type while in aye extract, band number 4 is of dark type. 

and' bahd numbe~s 1t 2, 6 and 7 are tif medium category. Tha rest 

of the bands in different tissues can be categorised under light 

type~ The distribution and patterns of' bands in different tissues 

are f'ound to. ba t.issuaoijospecific tho·ugh certain bands have shown 

similar mobilities in different tissues. 

3. 2 •. Esterase a : 

In .the present investigation, the maximum number of ester­

ase activity zone is found to be eight which can be resolved to 

the maximum number of 10 bands• Tha.asteresa zones are numbered 

Est•1 to Est•B.ac~ording to their relative mobilities, the most 

anodal zona being referred to ~s Est.1 and the most cathodal zona 

as Est .a. An identical pattern of ban~s have been found in both 

the sexes within a ~pecl~s. All the astarases are probably polymeric 

sines more than. on~ allelic 'va~iants are observed in each zone. The 

astarases are cl~saified according to "Holmes and Masters (1967). 

The d~tails of the distribution and patte~n of asterades in diffar-

. e~t·tiasuas of different species of Ghanna·hava bean sum~arized 

below. 

1.2.1~ Channa striatus : 

The esterase activities in.brain, heart, liverp kidney; 

musclsa aye and s~rum are found tQ be represented by 6, 60 7, a, 4, 

5 and 9 banda pespeciively (rtg.6; Plate. I). It hae been observed 

that exc,apt .serum esterases all other tissue esterases are mos~ly 

confined between ths zones E.st •. 4 and t:st .. 6. However, one minor 

bands of liver esterasea and one band of kidney esterases are also 

fou~d in Eat~s and Est.? zones respectively. The serum estaraaes 

are distributed in the zones E:st.s - £st.?• 
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3. 2. 2. ChEJnna bJa.t;P.J\ : 

The to.tal number of bands Qf esterase act.ivities in br~int 

heart, liver, kidney, muscle, eye and serum have bean found to be 

4, 6, 2, 4, 4, 7 and 9 respectively (F'ig.7; Plate II). It ha~ bean 

obServed that most of the esterase activities are concentrated in . . 
£at.s and tst.6 zones,. except .in ki~ney where it is extended upto 

Est •. 4 zonae • few minor bands of' esterase activity ·are also. obsero 

vad in Est.? and Es~.a zones. 

3. 2 ~ 3. Channa pun,ct,a,t.a. 1 

The asterane. activities i.n. £• eu,nctata ·are found to be 

, unique of' its. kind, distributed ·from .Est.1 zone (f"ig.8; Plata III). 

However.; most of. the esterase bands are found in Est .2, Est •' and 

Est.4 zones. The total number of esterase bands in brain•·heart• 

liver, kidnay,·muscle and eye a~e fo~nd to be 9• 7~ 10, 7• 7 and .. 
6 respectively. Serum astaraaea· of this species has not bean 

subjected to examination. 

3•2•4• Channa ~tewartii s 

The total number of bands of' astarase·activity in brain, 

heart, liver, kidney, muscle a~d aya.hava been found to be 5, 4,. 

1 11 41 4 and 5 respectively •. (F':ig.9;. Plate IV). Most of the bands 

are concentl'ated in £.st.4, Est.5 and £s.t•6 zonas, though a few 

bands are also round in Est.a zona. Brain, heart and muscle tiss~ 

ues possess only minor bands while liver exhibits tha maximum 

number of major bands •. 

3 •. 2•5• Channa orientalis : 

The total number of bends or esterase activities in brain, 
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heart_ liver, kidney, muscle an~ eye are found to be 3 0 3, 6, 3, 2 

and 4 respectively. It is further ob.servad that except Est .1 and 
' 

Est.2 zones e•tarase activities!are wide-spread from £st.3 to tat.s 

(F'ig. 10; Plate V). r.lioreover., each zone of esterase activity con­

tains mostly one esterase band~ 

J.2~6. Classification of Esterase zones with specific inhibitors: 

· Diffar~nt tissue astal:"ases from different C,ha,ana, species 

hava bean subjected to specific: inhibitors such as Urea (10 M), 

Cuso4 {1o-3M), tsarina sulphate, (1a"!>3M) and Ois.opropylflurophoa• 

phate (OF'P, 1o•'r~) to find out the ·~atura or type of estarasas 

present in the different activity zonas {Plate VI). It has been 

observed that most of the esterase activities are localixed in 

(st.4 to Est.6 zones in most of tha. tissues as wall as species •. 

Only few minor bands are distributed in other esterase zones. The 

effects of specific inhibitors on dif'f'erent esterase zones are 

summarised below :-

I 

Channids Tabla.,.1 : Classification of Esterasas in the on the 
ba.sis. of sensitivity to specific inhibitors. 

Specific E s T E R A S g z 0 N £ s 
inhibitors 1 2 3 4 5 6 7 a 

Ursa (10 f1) ...... + + ++ •Jt.::t- + ... -
CuS04 (1o•·3M) - - r- ~- + - ·- ~· 

*Es (1o-3M) +++ +++ +++ +++ +++ .... + 

**OfP (10-3M) +++ + .+ +++ +++ - ... 

Inhibitory effect == + slight; ++ rJJoderate and +++ Complete 
*Es = Esarine sulphate; •*DF'P = Diiaopropylflurophosphate 



175 

from the above inhibition experiment~, tit can be presumed 

that Est.1, Est.4 and Est.6 zo~es are ~ostly composed of Choline 

or Acetyicholine esterases while (st~? zona is probably reflecting 

Acetyl .. asterasas. On the othar.hand, Est .. s zone may be composed of 

Arylesterasas. The nature of esterases in Est.2, Est.3 and Est.S 

are not very clear in this investigation~ However, traces of car­

boxylestarases are probably pr.sent in these zonas. 

3.3. Lactate dehydrogenase (LDH) isoenzymes : 

LDH is a tetramaric molecule, encoded by two sepa;~_ate sub­

units, designated as 'A' and 'S' in most of the vertebrate tis~~as 

including fish• When LDH isoenzymes· of 'A' and 'B' subunits are 

composed of one type of molecule, they are termed as LDH A4 (or 

LOH 5) and LDH a4 (ot LDH 1) isoanzymas respectively. The combina­

tions of these .two homopolymers, which are tet'med as LDH A3a1 · 

(LDH 4), A2B2 (LOH 3) and A1e3 . (LOH 2), always show their activi­

ties within the LOH A4 and LDH S4 zonas. Another LDH isoenzym1:3, 

found in eye tissue and encoded by a different subunit 'E', has 

higber relative electrophoretic mobility than the other two (A4 and 

84 ) and is termed as LDH E4 is~enzymet In normal cases, LOH A4 
shows QOmparatively more activity in the skeletal muscle than LDH 

84 whereas LOH a4 is more active in heart muscle than LDH A4• In 

most of the cases; it is found that LDH a4 is composed of more nat 

negative charges than LDH A4 and migrates towards the anode while 

A4 remains relatively confined towards the cathodal end. ~ut in 

certain cases, the 'A' subunit bears. more net negative ch~rgea than 

the 18 1 subunit and as a result LDH A4 migrates farthest towards 

anode while .LDH a4 remains confined towards the cathodal end. ln 

the present investigation, a similar observation is made for all 
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t 

the Cp§lnn§. species which is further confirmed by urea e.nd ,t,leat 
·, '~-~ 

inhibition studies,. LDH £4 is always found near the anoda~~ar~· 

3•3·1• c. striatus : ... .., ~· 

It has bean observed that most of the tissues exhibit two 

to three LOH ac.tivity zones (F"ig·.11; Plata I). LDH A4 is found to 

be present in brain, iiver, muscle and eye tissues while LOH B 4 

is predominant in heart tissue though it is also observed in 

'muscle tissue with lesser· intens_ity,. LOH A2B
2 

is found in heart, 

kidney and .serum. LDH A3e1 is found in all· the tissues except kid• 

nay and muscle. LDH A1a3 is not observed in any of' the tissues. 

3 ,., .a. £• hAr.cA : 

In this fish,., most of the tissues ~·exhi.bit one to a maximum 

three LOH activity zone (F"ig•12.; Plata 11). LDH A4 is found to be 

predominant in brain and muscle tissues whereas LOH e4 is found 

in heart~ liver and eye tissue~. Except muscle and serum. all the 

tissues possess LOH A2e2• In heart ar,d aye tissues, in addition to 

LDH A2e2, one more LOH activity zona -viz. A3B1 could be trac.ad. 

No.·LDH A,_S 3 is f'ound to ba present in, any of the tissues~ 

).),.). £.• punctat,a. : 

Except muscle and serum, all other tissues exhibit all the 

five major LOH isoanzYn'tes (F"i9• 13; Plate Ill). In addition to 

this, one or two minor LOH activity zones could ·be traced in cer.­

tain tissue~. Muscle and serum show only two LOH activity zones 

i.e. A4 and a4 isoanzymes• 

3.3.4. c. stewartii : -
tt has bean observed r~r this species that except kidney., 
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all other tissues exhibit LOH A4. isoenzyme, while LDH B 4 ls fol.lnd 

to b:a present in heart, liver; kidney and aye tissues ( f"ig. 141 

Plata IV) •. LDH A
2
e

2 
isoenzyme is exhibited by all the tissues 

alonguJith LOH A3a1 isoenzyme thol.lgh .the latter is absent in liver 

and muscle tissues. 

3·3•5• c. orientalis : -
In this fish, LDH A4 isoenzyme is found to be present in 

all tha tissues. LOH B4 isoenzy~e is prominent in brain tissue 

(F"ig.15; Plate V). On the other hand, LOH A2a2 isoenzyme is present 

in brain, heart and kidney tissues. The other two forms (A3s1 and 

A1a,) are not so distinct. 

3.3.6• Eye•spe~ific LOH E4 isoenzyme : 

It has been observed that the aye extract or all the five 

Changa species, in addition to. the l(sual A4 and 8 4 LOH isoenzymes, 

exhibits a third type of LDH isoenzyme with faster relative alec ... 

troph[)retic rpobility towards anode •. This is termed as LDH £4 iso­

enzyme (fig• 11~15; Plate VI) •. More~~ar, sometimes certain LOH 

bands appea~ beyond the LDH A4 isoenzyme in aye tissue as wall as 

in other tissues like brain and heart, These are probably hetaro• 

polymers containing 'E:' and 'A!' or 'S' subunits. 

The heat itabllity of LDH E4 isoenzymes in rel~tion to th~ 

other two L.OH isoenzymes (A4 and B4) has also bean examined (Plate­

Vl). It has been found that heating at 65°C for 15 minutes or below. 

has· little effect on any of the LOH isoenzymas. But abov~ 15 

minutes duration Dr so. heat *hows adverse affect on LDH A4 is~en­

zyma which is found to be. less stable than LDH B 4 isoenzyme though 
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E4 LOH isoonzymes is not at all affected even upto SO minutes 

quration. Above 30 minutes all ~he LDH activities are removed 

completely. 

liver specific LDH isoenzyme : 

In certain casas, it is found that when the eye specific 

LDH isoenzyme is not present, a· liver speci fie LDH isoenzyme is 

there but with a ll'evarse mobility. To confirm this, reverse 

electrophoresis of liver tissue extract has been performed, and 

no L·DH activity 'zone. could be detected in any of the species .. 
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Tho proteins along with tt'le nucleic acids are the most 
I 

important components which re9ul~te all biological processes since 
I 

genetic information transferred by th~ nucleic acids is ought to 

reveal ~any intsresting aspects of evolution and heredity. It will 

also help to rationalize the cha:motaxonomic approach to systema­

tize the animal kingdom. 

ln genera~, sax, spawning, food, age, hibernation, disease, 

osmotic pressure, temperature 0 light, oxygen depletion and other 

seasonal factors have some role on the total protein species of a 

fish (Booke 1964). To minimize ~he influences of such factors, 

adult fishes: wsra obtained during the same season and almost from 

the same environmental conditions taking sex and age as constant. 

It may therefors• be presumed that th~ patterns and distribution 

of the electrophoretic bands in different tissues and serum could 

not ba affected by factors othe~ than genetic, so that species 

specificity could ba under9tood only from the genetic level. 

I 

It has been observed the;t the patterns and distributions of 

soluble protein bands in all th~ species is species-specific. It 

may ba. mentioned that a number of homologous bands in the corres­

ponding tissue$ of different species could be detected due to 

similar mobilities., Similarly, corresponding tissues of' different 

species, sometimes possess the same number of bands but differing 

from each otheJr in mobility and type. for example, the number of" 

protein bands in th• eye tissue of C. barca, c. punctate and ,,.... . ._ 

£.• orianta.lia are 12 but diffenr· f"rom each other in mobility and 

staining intanaity. The liver tissue in all the species has shown 

the minimum number of bands. t1ost of the protein bands in the 
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brain tissue exhibit phenotypes with moderate to lighter staining 
' 

intensity~ This may probably be ~ue to lesser protein content in 

brain than in the other tissues~ It. may be interesting to note 

that most of the muscle protein bands in all the species show the 

maximum absorption of dye. 

The blo.od tissue is perhaps more dependent on the physiolo· ... 

gical state of an organism than .any other tissue. Though it is 

believed that serum prot.eins show species-specific pattern (Booke 

1964) 0 due to the limited number ~f population studied~ no general 

conclusion could be drawn in this regard., However, in the present 

investigation, aetum protein ha~ shown considerable differences in 

the apeCif3s studied. Though it has been earlier reported that 

water soluble liv~r and muscle proteins may not show species speci-
' ficity (Nyman 196$a~b,c)~ species-specific patterns and interspe• 

cies variations of tissue and serum proteins have been Pound in 

other Pishes also (Chandrasekhar 19$9D Tsuyuki 2!. §..!.• 1966, 

Johnson et s!.• 19721 Tsai and Yang 1974 and many others) and such 

variations are expected to have.great taxonomic value. The distinct 

electrophoretic differences 8 ob~ervad among the members or the 

Channids may also be used for i~entitication, to find out their 

relationships and differentiation as have been employed for other 

fishes (Reinitz 1977a,b, Buth 1977, t-1enzal 1977, B.uth ~ ~· 1980). 

In the present investigation it has been observed that though the 

distribution and pattetn of protein bands exhibit considerable 

similarity in·different species (as has been expressed through the 

presence of homologous protein banda in muscle and serum proteins) 

demonstrating their close relationships, they differ considerably 

in their total protein patterns: thus· reflecting the differences in 

the genetic wake UP• 
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£sterases are a few groups of an~ymas differing in their 
i 

functions,. As their very name indicatesp the principal faat·urea 
i 

o-f' the various esterases concarn:hydrolysis of esters like acetate 
I 

I 

and butyratea. They $1"9 inheritef!:f co.dominantly ioeo without Porm ... 

ing the hybrid ringso They are. m~nomers or dimers9 Holmes and 

Mas·tars {1967) haua distinguished six different groups in guinea•· 

pig viz. slo.w Carboxyl .. eate.rasas:, f.'ast Carboxyl•asterases, Choline 

estera$e, Acetylcho.line ~sterasai, Acetyl-esterases and Aryl­

estarases. 

Tha total number or esterase b:anda in fish ranges from 5 

in Ribulus marmoratus (f·1asaaro at al. 1975) to 15 in F"undulus --
hateroclitus (Holmes and Whitt 1'970). ln most other teleosts (Sea 

AhuJa et alo 1977 fot detail) there are 7 to 9 esterase bandso 
t --

The channids exhibit a maximum number of 10 banda in the liver or 
I 

I 

C .. ounctata. Howevar0 the dlffer.· ant esterase bands of the channids 
-. £ur ::d 

can be conveniently grouped into a zones n,umbered as E:st,.1 to E:sto 

So Of all the tisauee examined the liver usually displays nearly 

the maximum numba.r of bands rapt-esantative of' a specios 8 . the only 

exception being £• b~cm, where l~ displays the minimum number of' 

bands. In f'undulu.a out of a total of 15 bands, the liver displays 

11 bands (Holmes and ,tilhitt 1970) • ln most otheJ1' telaosts the liver 

shows the maximum number of' ban.ds (~.a, 7 to 9) representative of 

the species (see Ahuja et 13.1..•· 1·977). It may ba stated that skeletal 

muscle tissue displays 14 out o.f' tha, 15 banda present in. F"t£f1f!U!us 

while most of' tho other teleoats exhib·i t 2 to 6 bands in muscle, 

The channids usually display 2 to 4 bands in tha skeletal muscle. 

tissue .except Co punctata which exhibits 7 bands in the muscleo 
i ._ - I 
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The inhibitor a ens it iv it y stud.ies have been performed to 
I 

dissect ·the nature of coding l~ci for esterases. However, all the 
I 

bands are not interpretable getetically. It appears at least 

three zonas code for Cholin oriAcetylcholin asterases, one each 

for aryl- and acetyl~ esterase•· Carboxyl~esterases are probably 

coded by the rest of the zones~ 

It is quite clear from the natura and pattern of distribu• 

tion of" the esterase bands, aided with ·the inhib~tion experiments 

·that the i~ntification and differentiation of the five species is 

very much possible• thus providing once again the usefulness of 

eateras~s ftom the point of bibchemieal taxonomy~ 

The lactate dehydrogenase enzyme (LDH e:.c. 1.1.1.27) is 

one of the mo$t extensively studied enzyme systems. LOH converts 

pyruvate to. lactate with a conc.omitant production of MAO+ by oxida• 

tion of IJADH. This allows the ¢ontinuatlon of' glycolysis which 

again permits, the continued production of ATP ·ror eneJ:>gy. LDH is 

reported to be present in ~!most all groups of vertebrates and 

invertebrates (rJJark-ert and Ursprung 1974). In moat vertebrates, 

LDH is a tetrameric molacule and usually two separate loci have 

been identif'ied which coda t"or the two subunits, vizo A and B. In 

many tissues these two subunits indiscriminately associate with 

each other to form f'ive tatrameric ieoenzymas, viz • · A411 A3B1 0 A2B 2; 

A1a1 and B 4• All tha.se isoenzymes are electrophoretically separable 

because the two types of subun:its differ in their net charge 

(Apalla and Markert 1961, Markert 1962)• In many species of fish 

fewer than these fiue isoenzymes are found due to rastr,i.ctions on 

subunit association or tetrama,ric instability (Markert and F"aulha• 

bef 19651 \*a itt 1970a1)b). In mpst of the teleosts, there occurs a 
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retinal-specific LOH, the £ locus which possesses a remarkable 

anodal mobility (Matkert and F"~ulhaber 1965• Massaro and rlJarkert 
I 

1968)o rurthermore 0 a liver sp~cif'ic LDH isoenzyme, viz. the r 

locus with cathodal mobility ha• been detected in cyprinids 

(Klose iol &!.!! 19690 Kapaa and t-Jhitt 1972), gadoids (Odanse ~ a! .. 

196911 Lush 1970, Sensabaugh and Kaplan 1972) o It is assumed that 

the two LDH ganes A and B had been present aarly in teleost evolu• 

tion. By duplication of the 8 gena, a third LDH gene had originated. 

In the group of' f'ish leading to cyprinif"ormis etco this locus evol• 

ved in its regulation and other properties to an isoenzyme (F"4 ) 

synthesized predominantly in liver while in the other lina leading 

to most ordets or teleost~ it became restricted to retinal (E4 ) 

function (\Jhitt at .W:.• 197:S)• Thus, in the advanced teleosts the 

two loci became mutually exclusive in their function resulting in 

~he adaptive radiation of the taleosts (F"ujio and Kaneko '1980 0 

F"isher §l. 12!.o· 19SO). 

All the channid spec.ias under present investigation are 

provided with the eye epecif'ic LDH isoenzyme indicating their 

advanced nature.· In majority of the f'.ishes the LOH a subunits 

bears mora net negative charge than the A subunit as a result of 

which the latter remains confined. towards the cathodal end. The 

comparative distribution and pattern in heart and skeletal muscle 

tissue and the inhibition studies have shown a reversed relative .. 
electrophoretic mobility of these two subunits in the five Chan,QA, 

species as compared to most other vertebrates .. The Channids, 

thsrofore, stand out as a group from most of the talaosts in ~his 

context. At the species level, it has been observed that certain 

species exhibit all the f'ive LOH isoenzymes of A and 8 subunits, 

while in some other only a f'aw of' them are reflected indicating 
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perhaps the lo•s of cap~city of the A and a aubunita to recognize 

each other~. Evan the pattern and distribution o' LDH isoenxymes 

in different tissues of the same species show variation which may_ 

be due to tiseua specificity~ 

It has ba~n obs.arved in the present investigation that all 

tha tissues of Channa striatus and c~ ba.rca possess the usual iso• ·. -
enzyme pattern as found in other fishes (Markert and faulhaber 

19Q5). Moat of the tissues contain two or three LDH isoenzymes • 

HowavE!r., muscle tissue in both the species contain only one iaoen ... 

zyme 0 LDH 1 or A4 • Other tissues contain LDH 1 (A4) and LOH $ (B 4 ) _ 

and sometimes an intermediate LDH 3 (A2a2)wnich is hateropolymer 

. of the other twoo Heart tissue of c. striatus contains four LOH --
activity zonas or: wtlich two zones may represent two allelic i'orms 

'of LDH 1 (A4 ) o _c_~- t'Unctata on the other hand 0 shows LOH isoenzyme 
I J 1 f' 

pattern (of A and a subunits) similar to that of mammals. ()(capt 

muscle, all o.the.f tissues c;ontain five or more-LOH activity zones. 

In brain and live~, in addition to the probable five zonas$ tum 

and one minor zonas are also date.cted respectively.- r"luscla has only 

two zones of activity" probably LDH 1 (A4 ) and LOH 5 (84 ) o Presence 

of five LO!i isC)enzymes are also reported in Whitting (1"1arkart and 

raulhaber 1965)~ The LDH isoenzyme pattern in c. stewartii and 
' . -

£• o.rientalia are quite distinct from other species of ChaQn§!.o 

because these twa species show all the bimodal distribution of LDH 

isoenzymes having two to five or mora zones of activity. In both 

the species, muscle. tissue possesses only two isoenzymaa. while 

brain anrj kidney have four zones of LOH activity., However., the 

heart LDH of C. oriental!$ raflocts only two LOH isoan%ymea, while -· 
in c .. at.ewartii the same tissue shows four bands" The liver tissue -
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of C. stewartii pOS$essas five zones of activ.ity, while -
c .• oriantalis only three. Though it is reported that liver con--
tains only LOH a4 in fish (Markert and faulhaber 1965), exception 

to this finding is also· observed in C)ther fishes (Whitt et. i!.• 

1973). 

Since the advent· of electrophoretic survey of protein 

variation, a large body of data has accumulated• clearly indica• 

ting that most natural populations of animals and plants maintain 

considerable level of protein·, polyrno.rphism (Leslie and Vrijenhoek 

-1977)~ The levai of polymorphism increases with the increase in 
.I 

population size• In the present study, not a large number of poly• 

morphic protein loci could be detected in any of the species. -

fdJoreove.r 1 protein heterogeneity is determined by differences in 

the: species ecology (Kirpichnikov and Muska 1980) which was elimi• 

nated in the present investigetiono The relationships between 

pr.otein loci and en\i ironment are very complicated. Organisms 

respond differently to alterations of various environmental factors 

(Kirpichnikov and Muska 1980). But ad·aptive divergence., may bear 

little electrophoret.ic divergence (Avise 2.t al. 1975t ·larson and 

Highton 1978) •· Probably, that is why• though two chromosomal races 

O·f' £• punctat~ UJara detected (sea Chapter II)., they could not be 

identified mC)rphologically as wall as electrophoretically:. Again0 

the protein polymorphiams are mostly tha results of geographical 

variation accomplis"ed with genetic variation (Lindsay et A!.• 1970, 

F'ranzin and Clayto~ 1977, Tabachnick 1977, Kimura 1978a,b• Brody 

9.1 !1• 1979, Oiebig et J!!.• 1979, Winans 1980). In the present . 

investigation all the species ware collected from almost same 
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geographic locations with little differences in the environmental 

conditions and probably, because of this. 11 no polymorphic populaa 

tiona could be. detected. \vhataver differences have been observed 

among individuals., cannot be c.onsidarad under the phenomenon of 

polymorphism bacaus~ they were not statistically significant as 

the number of populatio~s studied has been very small• Perhaps by 

increa~ing the population number and size, soma detectable bioche• 

mical polymorphism in terms of protein variation could be traced 

which~ hoWQvor, is beyond the scope of the present investigation. 
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f'igure ·1 : Diagrammatic illustration or the solubl~· 
protein phanotypas of Channa striatus.; 
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:f"igure '2 :: :aiagrammatic illustration <of the soluble 
'protein phenotypes .. of Channa barca •.. 
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figure J : Diagrammatic illustration of the ·soltJble 
protein phenot ype.s of 'Channe1_ puncta~a • 
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figure ,4 :~·oiagrammatic illustration or the soluble 
protein pheno-types of Channa stewarrtii. 
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F'lgura. '.9 : Diagrammatic illustration ~of Esteras.e 
phenotypes of Channa stewartii. 
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F"igure 13 .: Diagrammatic illustration of LDH 
ph a not ypes· of Channa .punctata •. 
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Figur-e 14' : Diagrammatic illustration of' LOH 
phenotypes~ of' Channa stawar:tii~, 
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Plate..., \I : Ti.ssue•speciflc soluble· proteins·.b·· 
e$teraae arid LOH {A and B subunits) 
p~tterns in Channa orientaliso. 
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Platec;oV 1 

(a) Sensitivity o.f liver esterasas of Channa striatus 

to various inhibitors o 

(b) Sensitivity of liver esterases of Channa. eunct,a,ta, 
t~ various jnhibitors. 

C = Control 
U = Urea 10M 
Cu= CuS040 10 ... 3M 

£s = £sarin~ sulphate~ 10~3M 
OFP = Diisopropylflurophosphate 10-3M 

(c) LDH isoenzymo pat.terns showing theElocus -in Channa. 

gunctat,a, along with the heat stability aKpariment. 

(d) LDH isoenzyme patterns showing theE.locus in Ch,r,ann.a, 
str.iatus. along with the heat stability experiment. 

E = Control; E' = Heat treatment at 55°~65°C 
f'or 15 minutes 

E" = Heat treatment at 55°o65°C for 20 minutes. 
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The systematics of air-breathing fishes belonging to the 

genus Chagrt~ presents Garlou• difficulties leading to disagree• 

menta among taxonomists on the identity of some of the species. 

The study of fish cytogenetics and genetics is very promising in 

terms of the ~olution of these problems. The objective of this 

research was to prea.ant a comprehensive morphometric and mariatic, 

karyotypic and electrophoretic description ot' the five Cha.nna 

species widely found in North4!?£astern India, and to supplement the 

earlier studies and provide turther insight into the question of 

interrelationship among these species 0· 

As far as the present study is concerned, we have been 

fairly successf'ul in providlng a working key for the field identi• 

ficatio" of the different species f'r.om the point of view of 

morphotaxonomy. The cytogeneltic data dernonstrates that all the 

species are markedly different at tho karyotypic level. In 

addition, the existence of two (chromosomal) races or the species 

£.• eunctata has alt;)O been astablishado We have also been able to 

characterize .alectrophoretically the di f'f'erent Channa species. 

Uso of' either solubl.e muscle protein or este·ras.as results in 

unequivocal asaig11ment to species bacause ·of S.P.~cies ... specif'ic 

banding patteu:nso The overall distribution and ·banding pattern 

of' LOH ia also indicative of the distinctiveness of' the genus. 

As a follow up of the present work we suggest the study · 

of'· banding pet tarn .of the karyotype to provide further insight 

into the karyotypic, evolutions within this group. We would also 
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like to suggest further ~pplication cf biochemical techniques 

involving a lal!'ge number of' enzymes and stati9tically significant 

numbar of' individuals to find cut the genetic distance between 

the members umich wa believe will hav.a the last word in unravel• 

ling tha phylogenetic relationship or this group of P.isheth 


