
STUDIES ON 

SOME ASPECTS OF THE ECOLOGY AND BIOLOGY OF 

n,n.a^ac.Ac*<» ( H A M I L T O N ) ^ ^o/^txrvrn* ct^i.t*»1.^t^t^ (PLAYFAIR) 

SUKHBEER KAUR 
Department of Zoology 

School of Life Sciences 

Thesis submitted in fulfilment of the requirements of the Degree of 

DOCTOR OF PHILOSOPHY 

to 

THE NORTH-EASTERN HILL UNIVERSITY 

SHILLONG (MEGHALAYA) INDIA 

JULY 1981 



^ « . ^ 

0)^ 

,*̂ :̂ l̂t̂ '̂ f̂  

t^<^" 

^ ^<^ i^ •^^ 

^' 



North - Eastern Hill University 
Lower Lachaumiere, Shillong - 793001 (Meghalaya) 

Phone ; 
Qravn : UEHV 

DR. S, A. K. NASAR Depar tmen t ,̂of Zoology , 

L e c t u r e r Schoo l o f L i f e - S c i e n c e s , 

S h i l l o n g - 7 9 3 0 1 /f, I n d i a , 

I c e r t i f y t h a t t h e t h e s i s e n t i t l e d " STUDIES 

ON SOME ASPECTS OF THE ECOLOGY AND BIOLOGY OF CHANNA 

GACHUA (HAMILTON) AND CHANNA STEWARTII (PLAYFAIR)" 

s u b m i t t e d by Miss SUKHBEER KAUR f o r t h e Degree o f 

DOCTOR OF PHILOSOPHY of t h e NORTH - EASTERN HILL 

UNIVERSITY, S h i l l o n g ( I n d i a ) embodies t h e r e c o r d of 

ora^ginal i n v e s t i g a t i o n s c a r r i e d o u t u n d e r my s u p e r ­

v i s i o n , She h a s been d u l y r e g i s t e r e d and t h e t h e s i s 

p r e s e n t e d i s wor thy of b e i n g c o n s i d e r e d f o r t h e 

swsLTd of^Ca Ph<, D. Degr'Gc. (JPhJs work h a s n o t boon 

s u b m i t t e d f o r any d e g r e e of any o t h e r U n i v e r s i t y . 

-6M^ 
DATED : S h i l l o n g ( S, A / K. NASAR) 

T h e / 5 ' ^ J u l y , 1 9 8 l DR. S. A? K. NASAR. 
Department of Zoology 

North - Easiern Hill University 
SHILLONG-793014, (INDIA.) 



PREFACE 



P R E F A C E 

The unity of organisms and their environment is the basic 

principle of modern ecology. Any population, species, or organ­

isms (including fish) live at the expense of their environment; 

in the absence of this interaction it ceases to exist. The succ­

essful existence and development of any fish, like other organ­

isms, depends on its adaptive interaction ujith its environment 

and it is based on the interrelationships ujith their abiotic and 

the biotlc environmentc Any alteration in the nature of any fun­

damental abiotic and or biotic component. Inevitably evokes a 

reconstruction not for the better but normally for the uiorse of 

the entire system of' relationships beta/ean the organisms them­

selves and their immediate habitat. The characters of the inter­

dependence of organisms to its natural environment, is knoain to 

be specific not only for the various species, but also for dif­

ferent individuals of the same species. 

Fishes have great significance in the life of mankind, 

being an important natural source of protein and providing cer­

tain other Useful products as well as in the economy of many 

nations, particularly in a developing country like ours. Fresh-

mater fishes too, form a vital part of the diets of people 

throughout the tropicsv The fact that the luorld. catch of fish, 

Luhich Luas increasing until recently, has notu started declining 

at an alarming rate, mainly due to o^er^exploitation and other 

factorsc However, today almost all the inland u/ater bodies are 

undergoing eutrophication, in other vjords, a step prior to pol­

lution, particularly' due to our bergsoning population, groiuing 

advancement in the cultural activities etc. This lays emphasis 

on the urgent need to develop these resources fully and to 

achieve this, oie need to understand the factors governing fish 

production. 

The application of fisheries sciences and limnology to 

Aquaculture has been late in arriving, because these sciences 

themselves had to develop specific technical and conceptual 

tools in population biology, fi'sh physiology and analysis .of 

abiotic and biotic component along luith nutrient dynamics in \ 
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Luatar. It is this, the groiubh of scientific approach of aquacul-

tura, which may eventually develop into an applied scientific 

discipline. 

The North-Eastern Hilly Regions of India are mostly inha­

bited by tribal•people and most of them are meat eaters having 

inadequate sources to fulfill the great protein deficiencies. 

Moreover, it is well knovun that the tribals of the hilly areas 

in Meghalaya (Khasis, Gaintias and Garos) have less land for 

agriculture, but 85/S of the population subsists on agriculture. 

Apart from ani'iial husbandry and mining of sillimanite, coal etc. 

there are no industries in Meghalaya. There is, hoLuever, plenty 

of rain and sufficient ujatsr bodies to grooi fish in this part of 

the country. Hence, introduction of fish farming in these high" 

lands 'ojould certainly help to groiu a neuj occupation uuhich will 

raise the economic status of small farmers. There is however, 

hardly any practical information available on the structure and 

function of freshwater ecosystems and on the biology of fish 

that naturally grows in this rsgion. 

There is a paucity of information on the biology and BCD'" 

logy of the fishes indigenous to the highlands of the North-

Eastern part of India and knowledge of these is of utmost impor­

tance, not only from the academic point of view, but its utili­

ty in increasing the technological efficiences of the fishery 

entrepreneurs for evolving judicious management measures in cul­

ture operations of these fishes. Hence, on a virtual absence of 

scientific knowledge on these aspects, prompted to undertake the 

present investigations. It is therefore, earnestly hoped that 

the information embodied in this dissertation, apart from aca­

demic importance, it would have application and relevance to the 

socio-economic development of these areas of the country. 

The study pertains to the specimens of Channids (= Qphi-

cephalids) commonly known as "Murrels" or "Snake-Heads", colle­

cted during the period from September 1978 to August 1979 from 

a pond and a torrential hill-stream situated in Shillong (Megh-

alaya), India. The results obtained during the present study 

are presented here under the title "Studies on some aspects of 

the ecology and biology of Channa qachua (Hamilton) and Channa 
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steuiartii (Playfair)", and the investigations were carried out 

at the Fish Ecology Laboratory, Depar.tment of Zoology at the 

North-Eastern Hill Univ/ersity, Shillong, under the supervision 

and guidance of DR. S.A.K, NASAR, Ph.D.,F,A.Z,,F.Z.S. (Lend,). 
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CHAPTER I 

GENERAL INTRODUCTION 



G E M E R A L I N T R O D U C T I O E I 

Ecology may be dsfined broadly as the science of the int­

errelationship betujqen living organisms and their abiotic and 

biotic environment and emphasizing interspecific as LUBII as in-

traspecific relations* This science has undergone profound 

changes as far as range and scope are concerned, since the pub­

lication of certain pioneering studies on synthesis of the eco­

logical facts and ideas of their day (Shelford, 1913; Elton, 

1927). HoLUBVer, according to Regier (1974) limnologists--and eco-

logists, at least those interested particularly .in fish, can turn 

to the oiriting of their scientific leaders of 50 years ago and 

not find them obviously outdated, 

One of the origins of animal ecology was Shelford's (1913) 

early account ujhich attempted to explain the distribution mainly 

on the result of different tolerances and responses of 



organisms to the physico-chamical conditions of the enuironment, 

Much ujork by 30 called autoecologists, is derived from this con­

ception and it has produced many valiiable discoveries. A major 

aim of modern ecologists-is to obtain better understanding of 

entire functioning of the organisms living in the natural ujorld. 

It can therefore, be said that ecology has a central, rather 

than a peripheral role to play in the development of biology 

(Weathsrley, 1972). 

According to IMikolskii (1963) the ecology of fishes Is 

the section of Ichthyology in which the mode of life of fishes 

is investigated namely^ the dynamics of fish populations, intra-

specific and interspecific variations, distribution, migrations, 

diurnal and seasonal rhythms in life processes, character of 

feeding inter-relationships, reproduction and so on. Naturally, 

the mode of life of any organisms (including fishes) is insepa-' 

rably connected ujith its structure and function of l̂ ŝ organs. 

• It is an established fact that the organisms cannot exist 

Luithout the environment. Any populatio.n, species or organism 

live at the expense of its environment, without this interaction 

it ceases, to exist. The successful existence and development of 

any organism depends on its adaptive .interaction ujith its envi­

ronment, The system of adaptive interactions of fish with its 

environment is composed of interrelationships with the abiotic 

and the biotic environment. Any alteration in the nature of any 

fundamental biotic and or abiotic component in the environment 

of the fish, inevitably evokes a reconstruction not for the 

batter, but normally for the worse of the entire system of re­

lationships between the fishes themselves and their immediate 

habitat. The"" character of the interdependence of the fishes to 

its natural environment, is known to be specific not only for 
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the various speclaa, but also for different individuals of the 

same species. The interaction of the fishes and the environment 

bears an adaptive character and every adaptation is specific. 

Adaptation is a property directed toujards securing the preserva­

tion and flourishing of the species under u/hich it lives and to 

which it adapted itself in the process of itsî ê tctl'Aibî arij;. Hence, 

it is obvious that the adaptation to the corresponding biotic 

and abiotic conditions should be related to morpho-physiological 

changes, A species is characterized by a relative morpho-physio-

logo-ecological stability, ujhich is the result of adaptation to 

a particular environment under the conditions of luhich the 

species luas formed and luith aihich the species is in unity, 

C/Jhs, fe.at.ures of the species reflect its adaptation to-

particular condition.of existence. It must be emphasized that 

the character of_the interaction of the fish with any particular 
•",• • '•>•'• y -•• - ' I ' 

element of its environment depends to a significant extant upon 

the condition of the fish itself| its state of nourishmentj fat 

contentj the state of maturity of its gonadsj and so on. All 

these factors are generally taken Into account uuhile studying 

the interactions of the fish uiith any particular element of its 

abiotic and biotic environment, 

The individuals of any species do not reflect all of its 

properties. The species is a continually changing plurality, 

and the very character of this change i,e, the type of its pop­

ulation dynamics (time of spaiuning, life span and so on), are 

specific features. The variability is greater in species adapted 

to the more variable conditions. Populations of species u;hich 

live under less stable conditions possess a greater amplitude 

of Variation in those features oihich are adaptations to the 

Varying factor of the environment, uuhereas populations of spe­

cies which live under more stable conditions possess less 



variability. The amplitude of .uarlr.bility is also an adaptive 

property ujhich ensures more favourable, conditions of life for 

the population. The amplitude of variation of the features and 

properties of species with a restricted distribution is usually 

less than that of species uuith a luide distribution. Within the 

limits of distribution of the species, the amplitude of varia­

tion, like other species properties, ensures the unity of the 

species aiith ths environment, 

The species has a definite area of distribution, aiithin 

the limits of aihich the conditions correspond to its morpho-

physiologo=ecologinal specificity. The morphological, physiolo­

gical and ecological properties of the species are relatively 

stable in time. Changes uuithin the species, apart from those 

connected luith age and sex, bear a local character i.e., they 

are adapted to s particular habitat or to a definite geographi­

cal part of the range of distribution. This variability of group 

is a species adaptation, ujhich ensures either that a greater 

Variety of habitats are occupied or else a ujidar geographical 

distribution. 

Population ecology is one of the most difficult aspects 

of fish biology to study, mostly because of ths problems invol­

ved in sampling fish populations adequately. Nevertheless, pop­

ulation ecology is so important that fisheries research progra­

mme have tended to concentrate in this subject area. Much of 

this effort has been directed at determining sizes and fluctua­

tions of exploited fisn populations, and at examining age-stru­

cture and groiiith rates to arrive at some idea as to ujhether the 

population is decli.ning, stable or increasing and the impact 

fishing is having upon that population* In particular, much 

effort has gone into examining the relationships betujeen racru-



itment of fish into a fishery :and cize of the parent stock. The 

first general (nodel of this reiationshiip ujas dev/eloped by Bevar-

ton and Holt (1957)« Although this model oias applied succass-

fully to some fishesies, its application to many others vuas 

disastrous, uvhile the study of relationships betujaen stock and 

recruitment obviously is enormously ij?;p'b"E|'feaTVit, it is also obuious 

that the reasons for such observed relationships need to be 

understood as ujell» This is particularly true since these rela­

tionships are seldom straight forujard, primarily because many, 

if not most, factors- affecting survival of larval fish' are inde­

pendent of the abundance of the larvae. The biological factors 

are ultimately regulated by environmental factors, including 

currents, uptuelllng and ujater temperatures. As the importance of 

these relationships become apparent more research is being devo­

ted to mechanisms regulating groiuth and survival of fishes^ but 

only a small number of species have been examined and still feujer 

are UJBII understood. Even u/ith more advanced life-history stages, 

much basic information is lacking on factors affecting popula­

tion regulation for all but a handfull of species (Moyle e_t_ al., 

1979), 

Uieujs on various^ aspects of fish population dynamics are 

found to be in many countries, but the problem was of no general 

concern until the mid-nineteenth century, HoLuever, Ber (1854) 

mas the founder of the modern progressive theory of productivity 

and of fish population dynamics. The theory of population dyna­

mics is a division of the general theory of the development of 

life, luhich deals ujith the lams of reproduction, growth and the 

causes of death of living organisms (Nikolskii, 1969), The main 

lams of fish population dynamics as for other organisms are as 

folloujs. They are concerned mith the continuous process of the 

replacement of generations in time, the birth of a generation, 



its grooith and death. The details of the process are governed by 

specific adaptations and by the relationships of the years c'ujith 

the enuironment, 

According to Regier (1974), ujith very notable exceptions, 

fish biologists have tended to apecialize at one particular la/el 

of organization, most at the organism, some at the population 

and feuier at the community level. The population dynamics of co­

mmercially valuable organisms is now primarily applied to the 

problem of providing their maximum yield. This entails a study 

of the productivity of, the biosphere as a a/hole, u/hich in turn 

involves the solution of various biological problems. The dia­

lectical materialistic theory of development should be the basis 

of a progressive theoritical population dynamics for fish and 

other organisms, especially ideas such as the unity of an organ-

ism„ ujith its environment, the reality of a species, the adap­

tive significance of all species features, discontinuous conti­

nuity (stages) and so on. 

It is o/ell knoujn that the unity of any organism and 

environment represents a system of adaptive relations betujeen 

the organism and the biotic and abiotic parts of its environ­

ment. The dominant relations are not fixed but are dependent 

on all'the other links in the system. They change during onto­

genesis and may differ betujsen populations of the same species. 

All the relations ujith the environment affect the prog­

ress of development and are adaptive in nature. Adaptation is a 

feature that ensures the survival of the species under the con­

ditions to ujhich it is exposed (Nikolskii, 19 69). .According to 

Regier (1974.,) a field scologist intending to study fish is 

faced at the outset ujith the task of locating these creatures 

in an alien and largely opaque environment,, Recently Kerr (1980) 



axprsseed that the niche concept provides a useful frameoiork 

for analysis at the interface betujeen organism and enwironment, 

By definition, all ecologists haue a co.mmcn interest in analy­

sis at the lev/el of biological organization* Fisheries ecology 

is no BXC8ptlon» Demonstrably, fisheries ecology has long poss­

essed a theoritically sound, extremely developed and eminently 

practical niche concept uihioh in all but name, anticipated and 

considerably antedates the contemporary uieujs of theoritical 

ecology. Accordingly, it is convenient to distinguish an "acadamic" 

and a ''fisheries" (applied) approach to niche analysiss 

These same reasons had relatively little appeal for fish­

eries ecologists. In the first place, fisheries scientists are 

not often concerned ujith ultimate causes or equilibrium systems. 

The immediacy and directness of the pressing problems in fisher­

ies require proximate solutions, scaled in physiological or de­

mographic time, rather than in evolutionary time. Secondly and 

perhaps more importantly, fisheries ecology already possessed a 

ujell developed approach to analysis at the interface between the 

organism and environment:. There was no record to adopt the rela­

tively abstract and less practical approach of the theoritical 

ecologists, 

The basic fisheries approach luas set out in detail by Fry 

(1947) and later expanded and refined by,, him and others (Fry, 

1957, 1971,' 1976? Alderdice, 1972; Brett, 1979).' Fry's approach 

has long since been the standard for analysis of environmental 

factors in fisheries and has found a oiide. range of applications, 

so much 30 that its origins are sometimes forgotten. Its essen-

tial characteristic is that it derives from autocologyo It is 

primarily concerned ujith categorizing environmental factors 

according to their effects on the activities of organisms, as 

measured by standard, physiological techniques, 



The Fry's method provides several useful advantages. It 

enables precise description of the lethal limits of a givan 

factor to a specific organi.sm. In Fry's terms, the zone within 

the "incipient lethal IBUBIS" of a givi-n factor defines the 

•'zone of tolerancB'' of the organism* Except that he did not 

explicitly . extrapolate the zone of tolerance 'n=space' and 

call it a "niche". Additionally, Fry's methodology alloiued prB = 

cisB definition of a "zone of resistance" surrounding the zone 

of tolerance, reflecting the time dependent capacities of organ­

isms to survive levels of a factor which would be lethal, if 

prolonged indefinitely. This provision and the ability to maasurs 

it precisely, is essential to many analysis of non-equilibrium 

situations, as for example trout briefly penetrating the thermo-

cline to feed beyond their incipient lethal temperature. 

Most significantly. Fry's approach enables useful analy­

sis beyond mere surviual. His approach recognizes the metabolic 

basis for the activities of organisms, providing the conceptual 

foundation for categorizatj.on and measurement of the effects of 

external factors on the capacities cf organisms to function sps" 

cifically. Fry (1957) defined the metabolic "scope for activi­

ties", which is the net metabolic latitude that an organism is 

able to expend, at a given conjunction of environmental varia° 

bles, beyond the bases prerequisites for its mere survival. That 

is, he- provided a common measure, in units of energy expenditure 

of the capacities of organisms to mount useful activities at any 

point within their zones of toleranne. In effect, Fry provided 

a universal method for contensing the niche hyperspace. 

Given these tools, it is understandable that fisheries 

ecologists failed to embrace.the more recent and less utilita­

rian alternatives offerred by the academic theoriticians. In 



fact, the acadBfnic and f.lst'.eries approaches outlined aboue era 

not in opposition. Apart from failure to equate ''zone of toler­

ance" ujith "nichB'% the tiuo schools differ chiefly in that the 

fisheries approach is mere usefully quantifiable in standard 

units of energy expenditure, as opposed to the various measures 

that have been applied .̂by the academics. Houjeuer, it seems 

reasonable to conclude that fisheries and academic ecologista 

have independently developed parallel and compatible methods of 

analysis at the organism env/ironment interface. 

In the first place, ecology differs from many scientific 

disciplines in that it simply dees not possess a coherent and 

comprehensixJe theoretical base, recent progress notiuithstanding* 

Thus, there is less disciplinary pressure to link the applied 

LL/ith the theoritical, alloo/idc, the various sub-disciplines of 

ecology to develop uuith greater independence than in' many other 

scientific disciplines =• i^oreaver, much existing ecological theory 

has formed under the evolutionary paradigm that nouj tends to 

dominate academic thought;.. As discussed previously, their appr­

oach often appears remote and unrealistic to the fisheries anal­

yst, ujho typically is concerned tuith perturbed systems, often 

far from equilibrium, uuhich require proximate scales of analy-

siso For these and many associated reasons, fisheries and aca­

demic ecology have tended to develop independently. Unfortunately 

so, because many instances could be cited of intellectual tuheels 

having been unneccessarily reinvented by one or the other sub-

discipline, I'̂ore aericusly, one can only guess at the missed 

theoretical and analytical opportunities that might have been 

realized from a close coupling of academic uuith fisheries eco­

logy, Principles of fisheries managoment must obviously rest 

ultimately on sound ecological theory. On the surface, then it 



10 

ujould seem thiat Pisheries and academic scologists should be 

interested in similar problems. 

Bardach (1978). argued that the application of fisheries 

science and limnology-to aquaoultura has been late in arriving, 

because these "sciences themselves had bo develop specific tech­

nical and conceptual tools in population biology, fish physio­

logy and analysis of nutrient dynamics in ujater and the like. It 

is this grouith, the growth of the scientific approach of aqua-

ciulture, ujhich may eventually develop into an applied scientific 

disciplines• 

Since fishes are both poikilotherm.ic and live permanently 

immersed in water, they are very directly affected by changes in 

their ambient medium. It is well known that since fish affect 

the trophic status of other organisms in. their environment and 

alter the condition of water in various ways especially when 

their population density is higli, th^ relation between organisms 

and environment are far from unidirectional. A study of biology 

in fieh, offers an ecologist many cpportunities to enquire into 

the dynamic balance and the states of change in aquatic ecosys­

tems. Weatherley (1972) stressed that most studies of fish pop­

ulation dynamics and growth have been restricted to- determining 

responses of a population to changes in certain features of the 

anvironmento A limited number of investigations have, however, 

taken the view that every fish population is a part of an eco­

system, affected by chemical and physical factors while func­

tioning within the system through biutic especially trophic 

intar'=relationships. 

It is becoming increasingly clear that wise management 

of fishery requires a consideration of the total aquatic ecosys-
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tsm in a giuen region, since -the ccniponents of the system 

interact and the fishery for one species may affect abundance 

and distribution of other species. Hence, there is a need to 

determine the basic riistribution, abundance and the habitat 

requirements of the fishes in a particular system. Since air-

breathing fishes are in great demand for their nutritive and 

therapeutic qualities,- in recent years, culture of air-breathing 

fishes is gaining a fillip in the country particularly because 

of the need to put vast areas of swampy and falloiu ujaters:to 

immediate use for the benefit of mankind luithout ge^'tlng invol-

ved into costly processes of their reclamationo 

As mentioned earlier any programme of fisheries dev/slop-

ment presupposes an understanding of the s'alient features .of 

the biology of the species concerned along ujith their immediate 

environment arid its impact on the biological aspects of the 

species. While most of the species of air-breathing fishes have 

extensively been investigated to -a variable extent, no systema"-

tic studies have so far been conducted on the species belonging 

to the family Channidae (= Ophicephalidae ). 

A basic information on the length-iueight relationship, 

morpholcgical variations, condition factor, maturity, spaiuning, 

food and feeding habits etc., in relation to their abiotic and 

biotic environment is indispensable, as no organism can live as 

isolated units and the activities which comprise their lives 

are dependent upon and closely controlled by chemical conditions 

in ujhich they live and the populations of other organisms ujith 

which they interact. Hence, on a virtual absence of information 

and lacuna in cur present-day knowledge on the ecology and bio­

logy of Channids, it has been aimed in the present investigatiun 

to have a basic information on the general biology of Channids 
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from the highlands of the '̂orth-c.a item Region of the country, 

in relation to their enuironment, a.s Qit is essential to be auai" 

labia before realistic models of fisheries can ba developed. 

The highlands of the North-Eastern India is rich in its 

freshujater resources ranging from very small ephemeral pools to 

big perennial ponds, lakes, streams,' thermal springs and rivers, 

spread all over the region, in a uji.de range of climatic condi­

tions o An extensive survey on the Icnthyo-fauna of this region 

reveal that both the lotic and lentic ecosystems in Shillong, 

have a good number of representative of Channids commonly knouin 

as '"'Snake-he'ad" or "i^urrel3"» This is one of- the most valued 

group of air-breathing fishes of the Indian sub-continent, hence 

attracted the attention and prompted to undertake the present 

.study. The family Channidae is represented in this part of the 

country by Channa qachua (Hamc), C_- _3te_̂ aj_tiJL_ (Playfair) and 

£.* punctatus^ (Bloch), among ninich the former is the most common 

species and have adapted themselves in both the lotic and lentic 

systeni-r:. 

Keeping in vieuj, the basic necessity to have a knoujledge 

on the structure of lotic and lentic ecosystems from the same 

geographical region and on the biology of the air-breathing 

fishes adapted in such systems, a study has been undertaken on 

some aspects of the biology of the above mentioned species with 

particular reference to Cha,nna qachua (Ham,). 

The study pertains to the specimens of fish collected 

from a pond and a stream situated in Shillong (India) during the 

period from September, 1978 to August, 1979 uuith emphasis on 

the folloujing ;-

http://uji.de
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(a) The structure of a pond and a stream with limnologi-

cal standpoint and impact o^ the abiotic and biotic 

factors on the biology of channidsj and 

(b) An inter- and intraspeci^ic comparisons within 

channids on some aspects of the important biological 

parameters• 



CHAPTER 11 

ENVIRONMENT OF THE FISH 



I N T R O D U C T I O N 

The traditional way cf considering an scosystem is to 

regard it as a self contained complex system to ujhich energy is 

supplied in the form of radiation.-Tnio energy passes through a 

series of trophic levels-primary producers, primary consumers, 

secondary consumers and so on and it returns basic materials to 

their original form. Similar trend, hou/ever, does not apply to 

the ecosystem in running uiater, vuhere everything released into 

solution by metabolisms tends to go dounstream and has little 

opportunity of being recycled at the spot. The unidirectional 

flow of streams sets their luatsrs off from lentic habitats. This 

current is a salient feature of stream and therefore, there Is 

little or no opportunity for retention of ions and compounds in 

stream except by addition due to runoff from shores (Reid,! 9 61 ). 
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Kwinberg (1963) implied that the most important goal of 

limnology is to study the circulation of meteri-'ala especially 

organic substances in a body of water* Biotic and abiotic phe­

nomena are of course interrelated and the concept of balance is 

a major part of this interrelationshipj?^ Thus, the aim of limno­

logy is to comprehend and calculate the whole of productive and 

destructural processes that are involved in the energy flouj. In 

brief, it is the scien:;e of inland ujaters concerned with all 

the factors that influence living populations within those wat­

ers. It includes the study of running water (lotic habitat) as 

well as of standing water (lentic"habitats).?Thus, the study of 

abiotic environment is of utmost importance as the seasonal and 

diurnal variations in the physico-chemical properties f&Tir̂m the 

substructure upon which the whole framework of biological prod­

uctivity rests. 

Inland waters are ecologically diverse and only few are 

intensively studied. Streams out number the units of the stan­

ding water series and inve £;tigation3 of the running waters par­

ticularly from limnological stand point has lagged behind that 

of lakes and ponds. In only feu- instances extensive researches 

have been carried out extensively in relation to pollution as 

has been reported by Gaufin and Tarzwell, 1956; Garmsr and 

Lovtitt, 1936| Causton, 1948^ Patrick and Ruth, 1950,° Mohr, 195 

Klein, 1956j Butcher, 1964| Hannon and Young, 1974 and Hannan£v?/' 

and Broz, 1976, - 1^1 

Ecological studies of ponds have proliferated rapidly i 

the past decade but most of the interest however, has concentra­

ted on artificial fish ponds. Information on ponds, is rather 

fragmentary and for the most part widely scattered in literature. 

Studies on the ecology of ponds have been mainly descriptive 

l«r3^o 
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uuith smphasia an seasonaJ. sL'oceasiun of the biological compo­

nents and ssaaonal changes In the pfiysico-chemical parametGrs 

and the ssasonal patterns of change are not necessarily dupli­

cated from year to year. ̂  

Most of the available literature on tropical frsshujatara 

is incomplete as it portrays either (a) a momentary picture of 

the physico-chemical and biological conditions, or (b) are mere 

records of occurrence uiithout adequate descriptions of the rela­

tive abundance of individual organisms of each species, or (c) 

are confined to a single tank, pond or lake of some particular 

geographical region, Houjever, very feuj attempts have been made 

to determine the exact and comparative relationships amongst 

Various components of the ecosystems during different seasons 

of an yearly cycle, 

Moreover, such studies relating to Indian fresho/aters are 

meagre and majority of these investigations have houuever, main­

ly dealt Luith the abiotic factors and feuu biotic factors only 

Luithout paying much attention to fishes, which have great signi­

ficance in the life of mankind, being an important natural source 

of protein and also providing certain other useful products, as 

well as in.the economics of many nations. Correlation of fish 

yields uuith limnological factors in temperate regions has recei­

ved much attention, of course, aiith moderate success whereas 

similar analysis are lacking in the tropics. 

(In India too, limnological studies in general have been 

the object of research during the last few decades but only few 

have been carried out on freshwater ecosystems from higher alti­

tudes, Practically no such work has been, attempted from the 

highlands of the Morth-Eastern Region of the country and hence 
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the prssant study ujas Lmdurlraken du.̂ ing the period from Septem­

ber, 1978 to August, 1979 to elucidate certain important abiotic 

aspects of a stream and a pond ecosystem situated in Shillong 

(rig. 1')» together with the biotic factors with special referen­

ce to the fishes belonging to the family Channidae which is com­

mercially one of the most important air-breathing fishes to 

this region* The aim of this study is to obtain basic informa­

tions on the physico-chemical factors of the freshwater ecosys­

tems of the highlands of Shillong, which will not only be useful 

in knowing the enuironmental conditions where such fishes thrive 

and such information is essential for the proper propagation and 

management of such"fishes in aquaculture and also from the aca­

demic point of view.) 
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REVIEW- OF LITERATURE 

Studisa relating to Indian freshujaters extend back to the 

latter half of last century and were in the nature of presenting 

species lists and descriptionp of taxa new to the then Indian 

sub-continent (Baird, 1859| Anderson, 1889; Bhatia, 1936; Arora, 

1931; Prasad, 1916; Edmondson and Hutchinson, 1934; Brahm, 1936; 

1950; Hausr, 1936; 1937a,b). Some of the significant monographs 

on algae are those of Dgsikachary (1959) on Cyanophyta, Philipose 

(1967) on Chlorucoccales, l/enkataraman (1961 ) on V/aucheriaceae 

and of Ramanathan (1964) on Ulotrichales containing extensive 

bibliographies on the subject. 

After about three decades extensive research was carried 

out by numerous Indian ujorkers, on different freshujatar organ­

isms, particularly the zooplankton. These ujere on Protozoa 

(Naidu, 1962; 1966), on Rotifers (Donner, 1949; George, 1961a; 

Pasha, 1961; Arora, 1962, 1963a,b, 1965, 1966; Nayar, 1965a, 

1968; Nayar and Nair, 1971; Michael, 1966, 1973; Naidu, 1967; 

VJycliffu and Michael, 1968; Wulfert, 1966; l/asisht and Gupta, 

1967; Uasisht and Daujar, 1968; V/asisht and Bhattish, 1969, 1970, 

1971a,b; Rajendran, 1971; Dhanapathi, 1973, 1974, 1975, 1976a,b, 

1978; Das and Akhter, 1976$ Sharma, 1976, 1977, 1978, 1979; 

Nasar, 1973; Laal and Nasar, 1977; Tiujari and Sharma, 1977; 

Patil, 1978); on Cladocerana (Bisiuas, 1964; Nayar, 1971; Michael, 

1973; Nasar, 1977d); on Ostracods (Deb, 1972; Nasar and Deb, 

1975; Nasar, 1977b; Deb and Nasar, 1977) and other Branchiopods 

(Nayar, 1965b; Malhotra and Duda, 1970; Royan, 1972). 

e 'The primary attempts on the seasonality of Indian frash-

luater plankton mere that of Seuell (1935) on the fauna of a tank 

(pond) in the Indian Museum Compound, Calcutta. Earlier Prasad 
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(1916) and Pruthi (1933) deecribed th e seasonal changes of the 

physical and chemical charaviitsristios of the luater in the same 

system, Folloujing this, there ujere a long series of hydrobiolo-

gical studies of freshujater impoundments mostly in ponds and 

reservoirs in different parts of the country. Many of these were 

initiated to obtain baseline information of plankton and oiater 

chemistry to be of use in fishery practices since it luas pointed 

out that such a gap proved to be a serious handicap to Indian 

fishery workers (Hora, 1951? Dob, 1951). 

It was around this time that many general limnological 

surveys and studies of somewhat regionLl nature were published 

from various parts of the country. Of these many were from cen­

tral and Northern regions (Das, 1961, 1970j Das and Srivastava, 

1956, 1959J Das st, al.., 1'?69, 1970; George, 1961b, 1966a; Pahwa 

and Mehrotra, 1966; Krishnamoorthi and Uisweswara, 1965; Khan 

and Qayyum, 1966; l/asisht,' 1966; l/yas and Kumar, 1968; Sahai , 

and Sinha, 1969; Unni, 1971; Grover a^al;.,1978; Uaas and Zutshl, 

1979; Swarup and Singh, 1979; Yousuf-, 1979) some from southern 

India (Ganapati, 1940, 1941, 1943, 1949, 1955, 1960; Chacko and 

Krishnamurthy, 1954; Philipose, 1959; Zafar, 195.9, 1964a, 1966; 

Subbarao and Govind, 1964; Sreenivasan, 1964a, 1968, 1970, 1971; 

Seetharamaiah, 1966; Hussainy, 1967; l̂ lunawar, 1970; Seenayya, 

1971) while the rest are from eastern India (Michael, 1965,1969; 

rioitra and Bhattacharya, 1965;, Moitra and Mukherji, 1972; Saha 

si a^.,1971; Nasar and Plunshi, 1974, 1975; Dana, 1973a; Nasar 

and Kaur, 1981) and western India (Patil, 1978). 

Apart from the above general works, there have been spe­

cific studies on zooplarikton organisms as to their ecology 

(George, 1966a; Bernice, 1970, 1971a, 1972a; Nayar, 1970; 
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floitra and Bhoujmlck, 1968; hicha'ei, 1968j Naaar, 1977a, 1979), 

cyclomorphosis (iMayar, 1965c; Arora, 1?66b; Gsorge, 1966b; 

Sharma, 1976) diurnal variations (Krishnamoorthi and Uisiuesujara, 

1965; nichael, 1966; I'erma, 1967; Sumitra, 1971; Naaar, 1977a), 

and on biochemical aspaota (Bernico and Srininaaagam, 1967; 

Michael and Chandran, 1967; BsrnicG, 1971b, 1972b; Khan and 

SiddiqUB, 1971a,b)o Cartain ujorka on the ecology of aquatic in­

sects has also beun dona (Sen, 1979),' 

General luorks on the ujeed fauna are by Michael (l968) and 

on benthos by Mandal and Mcitra (197"). In recent years, feiu 

studies on aquatic macrophytes and their production were conduc­

ted (Kaul, 1971; Unni, 1971a,b; Nasar and Munshi, 1971, 1976, 

1978), A comparative account of.soil water relationship in 

three tropical ponds oias descrided by Sumitra (1971 ) and on 

Indian bhermal springs by Jana (1970, 1973b) and Dana and Sarkar 

(l971a,b), Thera lacks a total information at the decomposer 

level except a preliminary report by Nasar and Munshi (1980), 

Among the functional aspectsy primary productivity and 

energy flouj studies are the two largely attempted areas of res­

earch and are based on the a/ell knouun light-dark Bottle techni­

que and their theoretical computidns respectively . (Sreenivasan, 

1963, 1964a,b, 1968; Hussainy, 1967; Ganapati and Sreenivasan, 

1970; Kaul, 1971; Khan and Siddiqui, 1971a; Sumitra, 1971; 

Nasar and'Munshi, 1975; Michael and Anselem, 1978;',Nasar and 

Sharma, 1980 and Nasar, 1930a), Recently Nasar (l979b) studied 

the effest of certain organochlor insecticides on primary pro­

duction, 

The foregoing review of literature reveal that a good 

deal of limnological works have been-carried out in India and 
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the available literature is too vast to be rsvieujBcl in details 

due to its diversity and mcreow'er, as most of the earlier ujorks 

have not been carried out from limnological vieai point. It ujould 

not be out of place to mention the outstanding efforts made by 

iMasar (l9a0b) and Michael (1980) to revieuj the limnological 

knoijuledge in Indian It is likely that a feuj other publications 

of Indian ujorks might have been omitted due to usual difficul­

ties in literature collection. 
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STUOY AREA 

The city of Shillong (Fig. 1) is the capital of tihe Stats 

of Meghalaya, situated at an altitude of 4,862 feet above the 

sea level and falls at an intersection of 25°5'N latitude and 

91°9'E longitude. 

The Meghalaya region is a table land ujhich is the east-

ujard extension of the massive block of the Indian Peninsular 

shield from which it has been separated by the Malda gap as a 

result of denudational and tectonic forces. 

The Shillong hills toiuering above Shillong contain the 

highest peneplancd surfaces trending E.S.E. to W.IM.W. of the 

central portion of the plateau proper, ov&r which streams mean­

der before plunging into the deep valleys of the Umian and the 

Umkhen. The preaence of many rapids and oiaterfalls in the neig­

hbourhood of Shillong indicates that this region has a youthful 

topography perhaps due to a recent uplift= 

Climate^ of_ Shillo_n_ĝ  ;- Locational and physiographic factor have 

greatly influenced the climabio characteristics of Shillong. The 

climate of this region differs from that, of the Brahmaputra val-

ley mainly due to its high relief which, in general, makes the 

climate very salubrious. Shillong experiences very cold nights 

in winter when the temperature goes down to about 1,7°C. The 

temperature seldom rises above 26°C in any part of the year. 

During deep winter (December-3anuary) one usually experiences 

frost although snowfall is unknown to this region. The most in­

teresting climatic characteristic of this part is very high 

rainfall with an average annual of 7,196 mm which distinguishes 

this area climatically from other parts of the Meghalaya. How-
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TABLE 1 

nETEOROLOGICAL CONDITIONS OF SHILLONG (NEGHALAYA) 

MONTHS AND 
YEAR 

1978 

SEPTEMBER 

OCTOBER 

NOl/EMBER 

DECEMBER 

1979 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

DUNE 

OULY 

AUGUST 

4 TEMPERATURE ( °C) 

MEAN MAX. MEAN MIN. 

23 .1 

22 .4 

18 .5 

17 .8 

16 .2 

17 .9 

22 .6 

25 .5 

26 .0 

25 .3 

23 .3 

24 .3 

r 

16.6 

15 .2 

10 .3 

7 .4 

G,G 

5.1 

•10.4 

14 .8 

16 .7 

14 .4 

17 .8 

17 .7 

1 RAINFALL \ 
\ (mm) 8 
L L 

264 .4 

50 .6 

20 .4 

-

01 . 2 

25 .7 

11 .7 

136 .5 

56 .1 

354 .5 

572 .0 

127 .0 

HUMIDITY 

88 .5 

80 .0 

69 .5 

6 2 . 0 

65 .5 

59 .5 

47 .0 

61 .5 

67 .5 

81 .5 

' 8 9 . 0 

84 .5 
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ever, there is a great variation of rainfall adthin this region 

from South to North. This is primarily because the higher, part 

i.e. the Central Upland Zone having an E-̂ W alignment renders a 

rain shadouj effect on the areas lying to the north. Consequently, 

the rainfall in Cherrapunji ujhich is located in the structural 

platform on the south is as high as 12,033 mm while Shillong 

being located only 50 km to the north luith a rain shadouj effectr-. 

gets only 2,296 mm. This is due to the fact that south-u/est mon**-. • 

soon laden with great amount of moisture from the Bay bloujs ov/ar 

East Pakistan and is suddenly cut by the cliffs of the table-

land in the south with an average elevation above 1,200 m ujhich 

juts out like a peninsula into the surrounding gorges about 600 

m deep on either sides and as a result the monsoon having reac­

hed the heads of the .gorges ascends vertically upii/ards and cau­

ses heavy"rainfall, whereas Shillong experiences a rain shadow 

effect. The winter months remain almost dry, whereas Ouly is the 

hottest month with an average temperature of 26°C. 

f̂Bjb̂Oj?ojU3.g[ij:̂ l̂_j;;ô ^̂  ..t_hB Study Area ; - Data on certain 

meteorological factors for the year 1970-1979 have been tabula-

ted in Table-1 and graphically presented in Fig, 3, The meteoro­

logical data have been obtained from the Meteorological station, 

Upper Shillong situated about 10 kms from the study site. 

During the period of study, Shillong experienced heavy 

rainfall from Oune to September. Oune and Ouly were the wettest 

months (Figi, 3) and experienced 354(>5 mm and 572.0 mm of rain­

fall respectively.' The relative humidity always remained more 

than 47 pB.rcent (Table&l), The average minimum temperature var­

ied between 5.1°C in February to 17.8°C in 3uly« The average 

maximum temperature varied from 16.2°C in January to 26.0°C in May. 
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Fig. 2 A : POND 

Fig. 2 B : STREAM 
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Description of the sites ;- A pond and a stream (Fig. l) Luere 

selected for the present investigations, situated in Shillong 

(25°5'N Latitude and 91°9*E Longitude), at an altitude of 4,862 

feet above sea level. 

Pond :- It is shallouj in nature, having a maximum depth 

of about 1.5 metres, during t he monsoon season. The main source 

of the pond mater is subsurface seepage and rainfall. The pond 

harbours a rich groiL'th of macrophytic vegetation, which covers 

most of the pond basij>) (Fig. 2 A ) . 

Stream :- This is a hilly torrential stream which is mod­

erately narrouj with a varying depth of 0.5 to 1.0 metre .and has 

a gravelly bottom. For a major part of the year, there is tha 

presence of rooted vegetation on the banks of the stream (Fig, 

2B). 



M A T,E, R ,1 A L, S A. N D M E TiH q D S 

Samples for the physico-chemical analysis of mater and 

plankton tuere collected at fortnightly intervals from the pond 

and stream (Fig, 2A,B) keeping the collection spots same thro­

ughout the period of study. While taking the samples, all the 

precautions oiere taken so that the ujater should be least distur­

bed. 

Samples for the determination of dissolued oxygen content 

uuere collected in ground glass stoppered reagent bottles of 125 

ml capacity. The samples a/ere fixed immediately at the sites 

ujith one ml each of Manganous Sulphate (MnSO.) solution and 

Alkaline iodide as per the methods described in A.P.H.A. (1965). 

Plankton samples uuere collected by filtering 50 litres 

of ujater through a plankton net, made of bolting silk (No. 21 
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ujith 77 meshes/sq.cm.) and .rare preserved in Lugol's Iodine for 

qualitative and quantitativg estimat.lnn, 

The folloiuing abiotic parameters u;ere taken into consi­

deration in the present study. Hydrogen~ion«-concentration (pH), 

Conductiuity, Free Carbon-dioxide> Dissolved Oxygen, Alkalinity, 

Phosphate, Nitrate and Silicate* All the above mentioned para­

meters were analysed by the folloiuing methods, 

TEMPERATURE : Both the air and water temperature oiere measured 

with the help of an ordinary mercury thermometer graduated upto 

110.0°C. 

CONDUCTIl/ITY ; A Conductivity Meter Bridge (Make - Elico, Model 

l\!o.CM-B2) has been used for measuring conductivity. 

DIS3QLUED QXYGEM % The dissolved oxygen content of the water 

has been determined using the modified Winkler's method 

(A.P.H.A. 1965), 

FREE CARBOM-DIOXIDE,: Free carbon-dioxide of water has been 

measured according to A.P.H.A. (1965) b-y titrating a known vol­

ume of sample against a standard alkali (N/44 Sodium Hydroxide) 

using phenolphthalein as an indicator. 

HYDROGEN-IOiM-CQNCENTRATIQN : The pH was recorded in the field 

with the help of BDH pH paper (narrow range) and thereafter con­

firmed in the laboratory with a Toshniwal pH Meter (Make Tosh-

niwal. Model iMo. CL 43). 

ALKALINITY i Carbonate and Bicarbonate alkalinity, were estimated 

by titration with N/50 Sulphuric 'Acid using Phenolphthalein and 

Methyl Orange as indicator according to A.P.H.A, (1965). Further 

differentiations of alkalinities due to hydroxide, normal carbo­

nate and bicarbonate were calculated as per methods described 

by Welch, 1948. 
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PHOSPHATE : Phosphate has baan dotermined folloujing the methods 

described if, A*P»H.A. (1965). 2 ml of the sample has been taken 

in a teat tube and 1 ml of Ammonium Molybdate and 0.4 ml of Sta­

nnous Chloride solution ujere added. Colour developed in about 15 

minutes and this ojas compared with the reagent blank at 650 nm, 

Similarly, standard phosphate solution luas pipetted out in diff­

erent test tubes ranging from 0,1 to 1 ̂ 0 ml. The volume ujas equ­

alized ujith distilled water and 1 ml of Ammonium Molybdate and 

0.4 ml of Stannous Chloride (SnCl^) aiere added. Colour a/as allo-

oied to develop at Eoom temperature and optical density read off 

at 650 nm. By plotting the optical density, a standard graph has 

been plotted (Fig. 5) from uihich the amount of phosphate in the 

solution LUas calculated. 

NITRATE : This has been also estimated according to ths method 

outlined by A<,P.H.A. (1965) as folloas ;-

5£5 ml of the sample.;uja3 evaporated to dryness. To the residue, 

2 ml of Phanol-disulphonic acid ujas added. After 10 minutes, 40 

ml of distilled tuatcr and 2 ml of Magnesium Sulphate solution 

ujere added folloii/ed by 40% Sodium Hydi-oxide, a/hich luas added 

drop by drop until Magnesium Hydroxide precipitated. The Magne­

sium Hydroxide precipitate was removed by filtration through 

Whatman No.42 Filter paper. The hydroxide removed by absorption 

any coloured organic matter which would othsrwise interfere with 

the colour match. The filtrate has been measured in a Colorime­

ter at 410 nm, against a reagent blank. Similarly, the standard 

nitrate solution was treated and a standard graph plotted, tak­

ing the concentrations on the X-axis. The amount of Nitrate in 

the sample was calculated from the standard graph (Fig, 4). 

SILICATE : It has been determined.spectrophotometrically by 
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reduction of si.lico-mclybdaiB (Nackt?reth, 1957). 20 ml of the 

sample luas takan in a 50 ml graduateJ stoppered volumetric 

flask, to ujhich 3 ml of Acid Molybdate reagent ujas added and 

mixed. After 10 minutes, 15 ml uf the reducing agent u/as added 

and the volume equalizsd luith distilled water. It luas alloLued 

to stand for 3 hours and then the extinction read at 812 nm 

against a blank., Silicon cofitent uJas found out from a standard 

graph (Fig, 6) prepared in the same ujay. using knoiun amounts of 

silicon. 

PLANKTON : Uarioua methods have been employed by limnologists 

from time to time for qualitative and quantitative analysis of 

plankton as folloius s-

(a) By counting the individual species (Allen, 1530; Carpenter, 
1941). 

(b) Estimation of the percentage of the volume. 

(c) The points method (Hynes, 1950). 

Houjever, in the present study the former method i.e. by 

countirig individual species has been preferred and adapted, as 

it was found to be the most satisfactory and convenient method, 

After shaking the vial containing the plankton sample, 

a sub-sample of 1 ml ujas drawn with a wide mouthed pipette and 

poured into a plankton counting cell of 1 (one) ml capacity, 

The organisms were enumerated and then represented in absolute 

numbers• 



L T 

The data on tha physico-chemical parameters of the pond 

and (3thB stream have been tabulated in Tables(j2 & 3 and u/erB 

illustrated in Figse 7.., 8 & 9, 

PHYSICAL CONDITIONS 

WATER TEMPERATURE : The temperature of the pond water varied 

from 15.0 in January to 27,0°C in June, For the stream ujater, 

temperature ranged from 11.0 in January to 23.2°C in May (Fig.7). 

CONDUCTIUITY I The conductivity values fluctuated from a minimum 

of 9,45 AJnihos/cm • in August to a maximum of 39,30/jmhos/cm and 

from 31,92 in October to 71,4/jmhos/cm during June in both the 

pond and stream a/ater respectively (Fig, ? ) , 



37 

HYDROGEN=ION CONCEMTRATIOM • The pH ujas found to be on the aci­

dic side tiiroughcut the period of siJdy and varied from 4.1 

(November) to 6.1 (January) in the ppnd mater, luhereas in the 

stream, it ranged from 4,2 to 3,1 being minimum in November and 

maximum in April (Fig, ?)« 

CHEMICAL CONDITIONS 

DISSOLUED OXYGEN i The dissolvad oxygen concentration in the 

pond uiater ranged from 5.0 to 12,4 mg/l during February and June 

respectively, tuhereas in the stream u/ater it ranged from 6,2 to 

9.76 mg/l in May and January resoectively (Fig, 8 ) , 

FREE CARBON-DIOXIOE : The values of free carbon-dioxide uuere 

found to be in the range of 18.0 to 37,6 mg/l in December and 

January respectively in the pund luater and from 2,9 in November 

to 18*2 mg/l during May ir, the stream ujater (Fig, 8 ) , 

ALKALINITY : The alkalinity values in the pond luater ranged from 

6,0 in August to 52,0 mg/l in September, In the case of stream 

water, it varied from 8,0 mg/l in February to 40.0 mg/l in 

March (Fig, 8)c 

PHOSPHATE ; The dissolved phosphate concentrations ranged from 

0.1 mg/l during December, January, February and July to 0,32 

mg/l in April and 0,02 mg/l in March to 0,37 mg/l in June for 

the pond and stream aiater respectively (Fig, 9), 

NITRATE-: Nitrate values ranged from OiOG mg/l iJi June and July 

to 0,51 mg/l during January in the pond ujater and from 0,2 mg/l 

in August and May to 2,3 mg/l during April in the stream water 

(Fig. 9), 

SILICATE : Silicate values were found to fluctuate considerably 

from a minimum of 0,1 mg/l in October to a maximum of 5.05 mg/l 
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ĉJ rA o 
O O O CD 

o 
CM 

a o\ rA rA 

VO -^ 
D- O VO CD CM -si-

ON ON ON VC VQ 

VO 

O 

VO O O O CA CM O 

( J 

• 
-d-

c^ 
• 

CvJ 

CM 

• 
rA 

o 
• 

-^ 

a 
• 

•vt 

CM 

• 
•sT 

VO 
rA 
• 

ON 

Cvl 

• 
CO 

0 

• 
^ 

VO 

• 
rA 

CA >* CM V- CM LA CA 

CM 

O 

O 

VO C^ 

CO 

rA 

CM O 

C^ >- CO 

CD LA LA VO LA 

l A 
lA 
r-

9 

VO 
VO 

U\ 
VO 

• 
•^ 
rA 

a 
00 

• 
CD 

^ 

rs 
• 

VO. 
IT; 

a 
• 

CvJ 
rA 

•vT 

• 
T— 

r-

LA 

ĉ  
• 

VO 
rA 

LA 
0 \ 

• 
0 
-d-

O O O C 3 C M O O O 

CO 0 
T -

»-! 
Cvi 

rA 
CNI 

rA 
Csl 

CvJ 
Csl 

o 
CM 

cn 
X CJ 

bJ 
Q 

ONl 

C l̂ 
ONI 
T-"l 

c:^ 

'X. 

n 

CD 
LJJ 
b_ 

cr 
cc 
"zL 

cr 
Q . 
CC 

>-
cr 
^ 

z 
Z3 

n 

_ j 
3 

n 

CD 



40 

in Decsmbar in the case cf pond watar, whereas it ranged frorri 

0,5 mg/l in September to 5-,.6 iig/l ir; April in the stream ujater 

(Fig. 9). 

PLANKTON 

The plankton ccnposition of the pond and stream oiatsra 

comprised of the ChlorophycGae, Bacillariophyceae and Eugleno-

phyceas among the phytoplanktcn and Rotiferaj. Copapoda and Cla-

docera (recorded only from the stream) among the zooplankton. 

The Varying percentage composition of. phytc and zooplankton 

have been shown in TaDlea-4 to 7 and Figs, 10 & 11. 

PHYTOPLAlMKTON 

Among phytoplankton, Chlorophyceae formed the most domi­

nant group qualitatively as ujoll as quantitatively, as.the mem­

bers of this group mere present all throughout the year in vary-, 

ing percentages both in the pond (Fig, 12) as well as in the 

stream (Fig, .13). The extent in which their relative percentage 

composition ranged are from 1c52 in Aoril to 95.28/S in August 

for pond and 30.68 in September to 100^ (February) in the stream 

(Fig. 13). In the pond water, Chlorophyceae comprised of Ulothrix 

sp,, Spiroqyra^ ap,, Scenedesrnijs_ sp,, and Closterium sp. These did 

not show any definite pattern of seasonal fluctuation. 

In the stream, the members of Chlorophyceae showed a rise 

in thair percentage composition from September onwards to reach 

their maximum during the months of December to April, whereafter 

the population reducsdr but maintaining uniformly a good popula­

tion (Fig, 13). The most dominant species were Ulothrix sp., 

Micrqsp^qra sp«, Spirp̂ qyra_ sp», Zy_qnema sp. and Clq_3te_rium sp. 

Bacillariophycsaa was found to be the next in the order 
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of abundancec Its presence ^as rscorded throughout the year in 

the pond shoujxng ccnsiderabie seasonal 7ariations in its abund­

ance, being minimum of 4,72^ in August and.maximum of 94.74% in 

February* However;, the Bacillariophyceao population decreased 

quantitatively during tfie minter, but on the onset of early 

spring, it showed an increasing trend, reaching peaks in February 

an,d May (Fig, 12).. The group was mainly dominated by Navicula 

,sp», Synedra sp, and Dijt£m_a_ sp., hoiuever, Astsrionella sp, and 

Ni^tzschia sp. luere also reccrded, 

In the stream, Bacillariophyceae was represented by 

Navicula sp,, Synedra sp,, Fraqillaria sp, and Diatoma-sp. It 

Luas found to be present in varying quantities throughout the 

period of the study, excepting February, when members of this 

group were marked by a complete absence. Their percentage comp­

osition ranged from ],13% in Danuary to 69,31% i^ September. 

During September to November, the membersof Bacillariophyceae 

were found to be present in good numbers whereafter the percen­

tage occ'Urronce reduced to .i niinimum of 1«13% in 3anuary. From 

March onwards thair population build up to reach a maximum in May. 

Euglenophyceae was present in a scattered manner during 

the annual cycle showing their presence only in certain months 

and a complete absence in others both in the pond and stream. 

Their percentage composition ranged from 0,30% in September to 

8,33% in November in the pond and ranged from 0,25% in December 

to 3.7% in Novembpr in I.he stream. This group was mainly repra°-

sented by Euqlena sp ̂  and Pjiâ jjs. sp* Phytoplankton formed 94.6% 

and 98,66% of the total plankton population in the pond and the 

stream respectively^ 
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ZOOPLANKTON 

In comparison to phytop] ankton, zooplankton aiere much 

less both in quality as well as in quantity. In the pond, the 

percentage occurrence of zooplankton in the total plankton pop­

ulation, varipd from 0.76% to 33,79;^. Rotifers dominated during 

the winter season and tiiair percentage composition gradually 

declined to a minimum during summer months, alloujlng Copepoda to 

dominate the population during summer (Fig. 14). Brachionus s'p. 

^^'^ Cyclops sp« wore found to be dominant among the Rotifsra 

and Copepoda respectively. The percentage composition of Roti-

fora ranged from 1.16% in October to 100% in Oanuary. The per­

centage composition of Cnpspcda ranged from 20.0% in February 

to 100% in April and August. 

• Rotifera ĴJas found to be the most dominant group in the 

stream ranging from' 75% in January to 100% in October, February 

and Oune. A complete absence has been recorded in the months of 

March, April, Ouly and August. (Fig,13). Qualitatively, Rotifera 

compris.̂ 'd of Srachipnus sp... Kej'̂ aJySji.la, sp., Lecane sp« and 

-PJL3t.yJ--g-§- sp. Next in thb order of abundance was Copepoda. Its 

percentage coniposition was founo to vary from 13^,3% in May to 

100% in August. This group was recorded by a complete absence 

in certain months (Fig, 15), 

Cladocera was represented by the presence of Bosmina sp. 

This group was the least abundant among zooplankton and' its pre­

sence has been recorded in the months of September and November 

represented by 11,76% to 17*02% of th? total zo.oplankton in the 

stream population. For the rest of the months a complete 

absence has been observed. The percentage occurrence of zooplan­

kton in the total plankton population varied from 0.33% to 6.77%. 
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PHYSICAL CQNDITIQNS 

DEPTH ; The water depth of both the a/stems in generals depended 

directly on the rainfall. They lest depth during the summer 

months due to high rate of evaporation of luater. Similar uieui 

has also been expressed by Nasar and Munshi (1974). 

TEMPERATURE i The 'ijater temperature shou/ed a close affinity uuith 

the atmospheric temperature. According to Welch (1952) the sha-

llouj depth: and large expanse of surface as compared with the 

volume of water, in genoral tend to follou; the temperature of 

the atmosphere, which seems to be true in the present study 

also. Similar case has also been observed by many workers from 

lower latitudes (Zafar, 1955j Ganapati, 1960; Munawar, 1970; 

Nasar and Munshi, 1974). 
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COlMDUCTIl/ITY : The condLctivity v/a.luas fluctuated widely ujithout 

shoujing any definite pattern (Fig, ")« It is a luell knoiun fact 

that the conductivity of the water depends upon the substances 

dissolved in it. It has been observed.the conductivity and alka­

linity in the pond luater sho'̂ jed a soineujhat direct relationship 

from September on'jjardc to. April when the seasonal minima and max* 

ima in alkalinity values and conductivity values occurred appro­

ximately at the saiTie time. From hay to August, an inverse rela­

tionship has been obsorved (Fig, ?)• In the stream o/ater, the 

two factors (Conductivity and Alkalinity) showed an inverse re­

lationship during September and Octoberj, whereafter from Novem-

bsr to May, it showed a direct relationship. 

It has, also been observed that low pH values corresponded 

with high conductivity values (Tables 2 & 3). Atkins and Harris 

(1924) suggests that the electrical conductivity may be high 

when the pH is low and vice, versa and attributed that this 

might bo due to the precipitation of the calcium and magnesium 

carbonate owing to the decrease of carbonic acid in solution and 

that the reduction is conductivity, nay be the result, at least 

in part, of the removal of electrolytes by algae necessary for 

their growth. 

HYDROGEN-IOW=.CONCEi\ITRATION : The hydrogen-ion-concentration 

expressed as pH, was found to be on the acidic side in both the 

pond and stream. It is believed that pH is generally influen­

ced to a great extent by carbon-dioxide (Welch, 1952) and at 

low pH most of the carhon=dioxide exists in free form. In the 

present study, an. inverse relationship has been observed between 

free carbon-dioxide and pH in both the systems (Figs. 2 & 3 ) . 

As the pH was on the acidic side, large amounts of free carbon-

dioxide were recorded. 
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It is UJBII known that ph depends upon the amounts of car- ' 

bonates of calcium and magnesi.um and t̂ le carbon-dioxida tension 

in the ujater. The latter, in its turn is influenced by the pho-

tosynthâ tji'D activities of the, aquatic vegetation and the animal 

life present in the system (uanapati, 1940). As during photosyn­

thesis the carbonates of calcium and magnesium are precipitated 

from their respective bicarbonates due to rapid carbon assimila­

tion from the dissolved bicarbonates afid hence the water becomes 

more alkaline. Therefore, high pH values from December to April 

in the stream and the pond indicate a higher photosynthetic act­

ivity than the respiratory process as has also been suggested by 

Hannan and Young (1974). 

Hutchinson (1967) is of the opinion that in almost every 

instance ujhera the mater is neither \/ery acidic nor very alkaline 

it may justly be assumed that pH is regulated by the carbon dio­

xide bicarbonate systom. This seems to be true in the present 

study too, A similar case has also been reported by W'asar (1975) • 

A close and direct relationship betuueen pH and carbonates has 

also been reported by Abkins (1926), Pearsall (1930), Houjland 

(1931), Pringsheim (1946), Rao M955), Zafar (1964) and Nasar 

(1979a). 

CHEMICAL CONDITIONS 

FREE CARBON-DIOXIDE AND ALKALINITY ; The main source of free 

carbon-dioxide in both the systems seems to be due to the decom­

position of organic matter and respiration of plants and animals. 

Allegeier £t_ al.., (193 2) reported that the carbon-dioxide is the -

second largest decomposition product. The concentration of car­

bonate and bicarbonate is generally influenced by carbon-dioxide. 

Three factors viz. Carbon-^dioxide, Bicarbonates and Carbonates . 
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are knovun to be responsible for maintaining the "Buffer System" 

of freshujaber systems, hence, in the pond ana stream luaters too. 

Therefore, the presence of free carbon-dioxida in luaters suggest 

that the u;ater was less alkaline or acidic v Free carbon-dioxide 
i 

and alkalinity showed an inverse relationship (Fig. 8) u;hich 

suggests that the former appears to be an important component of 

the buffer system of the ujater, as has also been reported by 

Hutchinson ('1967)-. Sim-ilar observations have also been reported 

by Atkins (1926), Pearsall (1930), Holland (l93l), Pringsheim 

(1946), Rao (1955)^ Zafar (1964), Munauiar (197Q) and Nasar 

(l977a). The fluctuation in the alkalinity values may be due to 

the photosynthetic activityj as has also been reported by Hussa= 

iny (1967) and according to him, this mainly depends on the 

"buffer system". The general relationship betiueen pH, carbonate 

and bicarbonate alkalinity and free carbon-dioxide may be inter­

preted on the basis of dissociation of these into ionic state. 

As discussed ubovoy free carbon-dioxide in the ujater forms car­

bonic acid ujhich dissociates into H and HCO-̂  ions, luhich brings 

change in the pH of the water (Ruttner, 1953) as hydrogen-ions 

are set freoe HCO, reacts a'ich calcium to form soluble calcium 

bicarbonate. If, at this stage Free CO^ is not available, cal­

cium bicarbonate gets converted into insoluble calcium carbo­

nate. The amount of CQ2 that inhibits the conversion of bicar-

bonates into carbonates has been named as "equilibrium carbon-^ 

dioxide" by Ruttner (1953), Thus, it is evident that the conc­

entration of carbon-dioxide in water controls the pH, bicarbo­

nate and carbonate con.jentration« 

DISSOLUED OXYGEN ? The dissolved oxygen concentrations were 

found to vary inversely with the free carbon-dioxide all throu­

ghout rthe period of the study (Fig, S ) , From September to March 
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and again in 3uly and August luhen :he dissolved oxygen concentr­

ation was found to be high it corresponded ujith louj quantities 

of free carbon-dioxide in the stream. Similar observations have 

also been recorded by Whipple and Parker (l902), Birge and 3uday 

(1911), Pearsall (1930), Ganapati (1943), GonzaU'es and Joshi 

(1946),- Rao (1955) and Saha et al. (1959), 

• Further, dissoiv/ed oxygen content shoujed an inverse rela­

tionship ujith temperature. Periods of high temperature coincided 

ujith^bhsse of low levels of oxygen in the pond, as per the laiu 

of solubility of gases, o/hareas in 3une, the case uias contrasting 

as high temperature corresponded luith high oxygen values, luhich 

did not depend upon the physical factor of solubility of gases, 

Therefore, it appears that the limiting fyctor for dissolved 

oxygen during June mas not the temperature. During the period, 

the sky was bright and clear providing sufficient sunlight to 

the macrophytes present in the pond, ujhich might have liberated 

oxygen by their photosynthetic activity, thus increasing the 

oxygen content of the ujater. This supports' the fact that during 

photosynthesis, carbonic acid gets split up, whereby assimila­

tion of carbon bakes place and also liberation of oxygen to the 

surrounding water (V/elch, 1952). Hence, the greater the abund­

ance of vegetation the greater the assimilation and consequently 

greater the liberation of oxygen as also suggested by Ganapati 

(1940) and IMasar and Munshi (1971 ). 

According to We.lch (1952) water has the capacity to hold 

more oxygen with the decrease in, temperature, Ruttner (1953) has 

also stated that temperature is one of the factor which affects 

the quantity of oxygen. In the present study, low temperature 

was recorded from October to February in the pond and October 
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to March in the strBam and hiigh Isuels oV diasolued oxygen 

(Tables 2 & 3) during the period. 

The atmocphere luas probably another important source of 

oxygen in the pond and stream,. Due to the action of the ujind, . 

small ripples might have been formed and thereby different lay­

ers of ijL/ater ujere exposed to the air and the luater got oxygena­

ted, The reduction in.dissolvec oxygen content might have been 

due to the respiration uuhich is known as a continuous activity 

day and night of the plant and animal life. The other factor 

ujhich seems to be responsible for reduction of dissolved oxygen 

is decomposition. The- oxygen aias corsumed during decomposition 

of the bottom materials and suspended organic matter. Hence the 

dissolved oxygen was louj during summer months (Tables 2 & 3) 

because the decomposition is generally supposed to be quicker in 

warmer than in cold conditionso Hannan e_t̂  al.« (1979) have repor^ 

ted similar results fr-jm Deep-Storage reservoir in' Central Texas, 

Thus, it may be concludsd that the oxygen content of freahwaters 

mainly depends upon several factors such as ;-

i) solubility of oxygen in water dt^pending upon temperatures; 

ii) photosynthetic ecLivities of plant life present; 

iii) respiration of plant omdanimal life; 

iv) intensity of illumination; and 

v) wind action. 

Seasonal variations in the dissolved oxygen content of 

running and standing waters have been reported by Eddy (1934), 

Chakraborty B_t al,. (1959), Swale (1964),- Pahuwa and Mehrotra 

(1966) and Wenkateswarlu and Jayanti (l968). Fritsch (1907), 

Alikunhi (1957), Odum (195?), Nasar and Munshi (1971 ), Nasar 

(1975) and Hannan et al. (1979). According to them dissolved 
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oxygan is generally found to be maximum during uuinter and minimum 

in summer, as has also bean recorded in the present study too. 

The nutrient condition in both the systems uiz. pond and 

stream, ujas found to be poor (Tables 2 & 3). According to Hynes 

(197Q) the nutrient condition varies enormously in running wat­

ers from region to region and is a reflection of the local geo­

graphical and climatic conditions, aihich seems to be true in the 

present study boo,' 

PHOSPHATE : The dissolved phosphate concentration in both the 

pond and stream luas found to be quite poor. Welch (1952) and 

Ruttner (1953) have reported smaller amounts of phosphorus in 

those ujater ujhich are free of contaminating effluents, hence, 

this may be the reason of ICJJBT amounts of phosphate specially 

in the pond as it ujas "̂ ree froni any contaminating effluents. In 

the present study, an inverse relationship has been observed 

betujeen phosphate and oxygen concentration in both the systems. 

Such a situation may be due to the fact that when there is lack 

of oxygen in water bodiRs, particularly in the•sediments, the 

iron is reduced from tlie ferric to the ferrous stats releasing 

phosphate into water, as suggested by Einsele (1936), Therefore, 

during oxygen deficiency, phosphate gets released in water from 

the sediment, thus the inverse relationship occurs. Moreover, 

the seasonal fluctuation in the phosphate concentration might 

be due to the presence of algae in the system, which is known 

to utilize phosphate during their photosynthetic activities. 

According to Welch (l9.','2) various factors like temperature, sal­

inity and bacterial activity play an important role upon the 

rate of phosphorus release. In the stream, an inverse relation-
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ship in phosphate concencrat.ion during April to June coyld ba 

due to run-off from the catchment areas during the rainy season 

(Fig, 9)e 

NITRATE : Nitrate shouiad an inverse relationship with dissolved 

oxygen except in the months of June and July in the stream tuater 

when these two factors did not shouj any definite relationship. 

An inverse relationship has also been observed betuieen pH and 

Nitrate, however a direct correlation has been reported by Gana-

pati (1943) and Zafar (1964),» Nitrate depletion in the stream 

during winter months may be due to-photosynthetic activity of 

the phytoplankton or may be due to oxidation of organic compounds 

as suggested by Blum (1956). According to Hannan and Young (1974) 

this decrease can be attributed to decreased run-off associated 

with rainfall and increased autotrophic assimilation, and this 

run-off has been shown to be an important contributor of nitrate 

nitrogen in rivers. 

Zafar (1964) suggested that when the dead organic matter 

decomposes in water, complex protein molecules are converted 

into "nitrogenous organic matter'' and finally into nitrates by 

the bacterial ac'-ivityc Accordingly when ailuminoid ammonia and 

nitrate go hand in hand and s!now an inverse relationship to the 

dissolved organic matter, it may indicate that the main source 

of nitrogenous organic matter is the dissolved organic matter 

which is undergoing decomposition whereas on the other hand, if 

the ailuminoid ammonia fluctuates inversely with the nitrate, it 

may be assumed that the planktonic organisms are living at the 

expense of nitrates in water and they themselves are the main 

source of nitrogenous organic matter (Munawar, 1970). However, 

in the present investigation, it is difficult to draw any 
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conclusion regarding the msin source of nitrates in these ujater 

bodies on the basis of above statement as alluminold-ammonia and 

dissolved organic matter ujere not estimated. Hoiuever;, in the 

light of above, it can be assumed that the main source of nitra^ 

tes in the pond may he the decomposing organic matter, not the 

plankton as the former ojas present in quite large quantities 

whereas the 'plankton populacion jas poor both in the pond and 

stream. According to Uollenwelder (l968) and Schindler (1971 ) 

the major source of nitrates is by precipitation. 

Nitrate shou-'ed an inverae relationship to the temperature 

which suggests that te^mperature has a profound effect on nitrate 

concentration in vieuj of the fact that the temperature accele­

rates the activity of denitrifying bacteria in the presence of 

organic matter (Nasar, 1978) snO the process of reduction of 

nitrates may stop oiith the nitrite production, luhich is some­

times accompanied by h\-droxylamine or it may proceed to the for­

mation of molecular or perhaps to ^2^ '^^ t° ammonia (Hutchinson, 

1967), luhich seems to be the reason of the nitrate depletion in 

the pond at higher temperature i.e. during May to Duly. 

SILICATE : The silicate content of the uuater uuas found to v/ary 

inversely u/ith free CO^ in the present study in both the systems, 

possibly oujing tc the fact that as Silicic acid is more uieakly 

dissociated than CO^, it is removed from its strongly hydrolyzed 

compounds- the silicates, in the presence of carbon dioxide or 

bicarbonate and is then held in the aiater as free silicic acid 

in dissolved or colloidal form (Ruttner, 1953), thus an inverse 

relationship has been observed bettuean the tujo factors. 

It has also been observed in the pond that the alkalinity 

increased with the increase in silicate concentration as has 
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I 

also been recorded by Atkiris (i92''j)„ He has also reported that 

the silica content in fresho-'aters is influenced by temperature 

and evaporation. In the stream, houjever, an inv/erse relationship 

has been, observed betujeen alkalinity and silicates. It is evi­

dent from the planktonic studies that peaks of diatom population 

corresponded ujith lou; levels of silicate in the liiater (Fig. 16), 

since diatoms take up silicates and the presence of large num­

bers of diatom might have caused the exhaustion of silicate to 

louj levels, in both the pond and stream.-

PLANKTON 

It has bean observed that quantitatively there is likely 

to be less plankton in tropical inland ujabers than in temperate 

waters (Welch, 1952)„ 

In the present study, 11 species of Chlorophyceae| 5 

species of Baciilariophyceae and 2 species of Euglenophyceae in 

the pond (TableQ:4) and 15 species of Chlorophyceae; 7 species of 

Baciilariophyceae and 2 species of Euglenophyceae in the stream 

(TableGiS) have been recordedo Among the zooplankton, Rotifera 

comprised of 4 species both in the pond (TableO^) and streami 

Copepoda uuas represented by 5 species in the pond and 1 species 

in the stream, Cladocera was represented by 2 species and its 

presence luas recorded only in the stream (Table[)7). 

In both the systems, phytoplankton shoujed a numerical 

superiocitj',- over the zooplankton. It is also apparent from the 

present study that certain species of plankton disappeared at 

certain periods only, to reappear later and hence at no time 

during the year, there was a total absence of plankton. The 
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plankton productiuity varied from saason to season in both the 

systems and quaJ-itatiue variation particularly of zooplankton 

ware quite identical. 

The plankton populatj.on peaks in the pond as observed in 

the present study (Tables 4 to 7) luere found to S-ssemble that of 

Kashmir and Kumaon lakes as reported by Das et^ §_!,. (1969) and 

Das and IJpadhyay (1979) respectively, unlike the ujater bodies of 

plains (Das and Srivastava, 1956a,b), This, further reflects that 

changes in the composition of species and their appearance and 

disappearance are characteristics of summer and winter unlike the 

plankton in plains as reported by Nasar (l979a)» Thus, it can be 

said that the olankton peaks of freshujater bodies of high alti­

tudes of India ere quite comparable ujith the spring and autumn 

plankton peaks oP temperate countries. 

It can be revealed that in some groups of plankton, the 

amplitude of rise and fall in quantity may not be large enough 

to produce more than minimal change in the total plankton popu-

l.ation, while in others, the cnange may be so great that a uuave 

of development of a single group jnay oe sufficient to dominate 

the uihole population. Further, the period of quantitative incr-

eass and decrease of the individual may not in many genera co­

incide Luith the seasonal minima and maxima of the total plankton. 

Nasar (l979a) concluded that the rate of development of a pulse 

may vary greatly, some species may increase sloiuly and more or 

lass uniformly to the maximum while others may show a burst of 

development rising from an apparent absence to a numerical dom­

inance of the whole plankton within a very short period, which 

seems to be true in the present study too. 
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PHY70PLANKTON 

Phytoplankton in the stream shoujed two peaks, one in Feb­

ruary and the other in 3uly, tuhich correspond ujith loiu zooplank-

ton number* Thereforp., an inverse relationship betujeen the tiuo 

has been observed. In 'che pond too, an inverse relationship be-

tuueen phytoplankton and zooplankton pulses has been recordedo 

According to Slacdecek (19.58), factors ujhich cause fluctuations 

in phytoplankton abundance are the grazing activity by zooplan^* 

kton. Hence, the same could be true in the present study too. 

Srivastawa (l950) observed an increase of dissolved oxygen ujhlch 

caused an increase of phytoplankton biomass and this could be 

the reason of the numerical suporicrity of phytoplankton over 

zooplankton. Chacko and Krishnamurthy (1954) has suggested that 

the temperature is an important factor in controlling both tho 

quantity of species composition of the plankton flora, but it 

cannot be the only factor involved. In the present study, Chlo-

rophyceae was found to be the most abundant group followed by 

Bacillariophyceae and Euglenophyceae in both the systems. No 

similarity could be seen in the seasonal fluctuations in Chloro-

phyceae and Bacillariophyceae in both the systems. In the pond, 

no definite pattern of fluctuation could be noticed for Chloro-

ph^ceae, whereas in the stream, maximum numbers were found from 

December to April, Bacillariophyceae p'opulation in the pond dec° 

reased during winter and peak has been observed in February c.nd 

Î BVp whereas in the stream maximum number were found in Septcm-

beTj November and May, 

ZOOPLANXTON 

Among the zooplankton, Copepoda was found to be the most 

dominant in pond followed by Rotifera, whereas in the stream^ 
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Rotifera ii'as the most abundant group, follouied by Copepoda and 

Cladocera. A similarity btftu/oen the tujo systems could be estab­

lished due to'- the fact that Ratifsra population dominated during 

the U/'inter and Ccpepoda during the summer. Thus, the seasonal 

periodicity in the zooplankton could be observed and the quan-

titatiue v/ariations mere quite identical in both the systems, 

The numerical superiority of Rotifers cv/er the other 

groups of zooplankton corroborates the uieuj of Nordguist, 1921 

(SE* P-4JL* Fritsch, 1931), that the- abundance of Rotifers compar 

red to other groups is an indication pointing touuards the eutro-

phic nature of the o/ater bodies* Similar v/ieuj has also been 

expressed by George (l966a) and Nasar (l975). 

Pennak (1957) has pointed out that whenever tujo species 

of the same genus are present in any freshwater system, one vuill 

always be more abundant that the other. Since quite similar 

results have been obtained in the present investigation, this 

is in conformity with the \/iew of Pennak (1957), Similar studies 

by Carl (1953) gave evidence that ganus of Copepoda and Clado­

cera are seldom represented by more than one species in a body 

of water. It has been observed by Harvey e^ a_l_. (l935), Wimpemny 

(1936), Steemann Nielsen (1937), Dare (1940) and Hart (1942) 

that lai?ge concentrations of phyto° and zooplankton are rarely 

found at the same time. Two hypothesis have been advanced to 

explain this. The simplest one is that the zooplankton graze 

down the phytoplankton population. Harvey (1934), Hardy and 

Gunther (1935) and Hardy (1936) postulated that the zooplankton 

avoid areas rich in phytoplankton that they are excluded from . 

the area. Steemann and Nielsen (l937) pointed out that the phy­

toplankton crop can develop within a few days under favourable 
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conditions vuhereas a much Ir.ngpr nGriod is required for the de\/° 

elopment of zooplankton. Consequently, the peaks of the two pop-

ulation ujill not fall at the same time. Therefore, in the present 

investigation too.; the phyto^ and zooplankton showed an inv/erse 

relationship (Figs. 10 & n ) * 

FACTORS INFLUEMCIf'JG PLANKTON PERIODICITY 

It is a U-iell kiTcun fact that the nutrients play a vital 

role in the growth and abufidance of plankton in general. APi the 

factors are mutually entangled and interact to determine the 

distribution of crganismso Development and maintenance of a pop­

ulation depend upon harmonious ecological balance between envi­

ronmental conditions and tolerance of the organisms to variations 

in one or more of these conditions (Raid, 1961). 

Temperatuxe is considered to be one of the most important 

factor in any aquatic ecosystems. Edday (1934), Gambryar(l963) 

and Masar (197?a) reported that plankton production is mainly 

influenced by temperature and these changes were observed even 

amidst a fairly constant pH and oxygen content,.which agrees 

well with the present results^, as the plankton maxima and minima 

increased or decreased quite distinctly during warmer and colder 

months. Similar results have also been observed by Moitra and 

Bhowmick (1968), In the stream, phytoplankton exhibited its 

abundance during winter (Fig. 13), but in the pond (Fig. 12), -• 

no definite variation could be observed. Das and Srivastava 

(1959), Sreenivasan (1966) ana Hutchinson (1967) have reported 

that temperature is one of the factor responsible for the groLuth 

of plankton, but it is not the only factor involved. Alikunhi 

Bjt, §_!_, (1955) observed that a variation of water temperature 

from 29.0°C to 37,2°C but he does not indicate any correlation 
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betujesn ujater temparaturs and plankton variations, Chacko and 

Krishnamurthy (l954) also could net establish any correlation 

betofesn the temperature and plankton. The assertion of Worthing-

ton (1943) that tropical uiaters are more productive on account 

of high temperature and lack of cold maters,is untenable about 

plankton in Indian freshu/aters as is evident by the av/ailable 

data. 

In the present study, a high phytoplankton population has 

been observed at louj temperature during ujinter in the stream, 

luhereas for pond, no definite relationship could be observed, 

thereby suggesting that temperature alone is not a limiting fac­

tor for the grouith of plankton. Similar case has also been rapo-

rted by Masar (l979a). Availability o^ food may be the other 

main factor aihich in turn depends on other physico-chemical 

factors including temperature., 

Knowledge on the limiting effects of pH on plankton is 

in a very unsatisfactory state (Welch, 1952), Houjever, every 

species have been described to have its own capacity of tolera= 

nee to acidity and alkalinity. According to Welch (1952), many 

limnologists regarded pH as of secondary importance as no corr'-

'e.lation could be' established betoieen pH and the occurrence of 

the organisms in natural a/aters. Houjever, Das and Srivastava 

(l956a) and Moitra and Bhattacharya (1965) reported that a high 

pH is related to heavy phytoplankton bloom and that a. IOLU pH 

indicates a rise in zooplankton. In the present investigation 

too, such a relationship has been observed vuith the exception 

of the aneorobic bacteria, all organisms living in freshiuater 

require an adequate supply of dissolved oxygen, Pearsall (1923) 

has noted a higher oxygen content after::rains in natural waters, 
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poor in plankton and organic' mattoxo Griffit.hG (1923) inferred 

that ujsll oxygenated water is orerequisite for harbouring large 

number of Chlorococecales. Pennak (1549), Chacko and Krishnamur-

thy (1954), Singh (l955). Das and Srivastava (l956a), Moitra and 

Bhattacharya (1965), f̂ oitra and Bhoujmic; (1968.) and 3ana (1970, 

1973a) observed that increase in dissolved oxygen causes an 

increass in plankton biomass. Almost similar result has been 

obtained during the present study. Nasar (l979a) has also repor­

ted a direct relationship beta,'een dissolved oxygen and zooplankton. 

Carbon-dioxide is knoijjn to be a necessary constituent in 

an aquatic environment, as free Carbon-dioxide has been univer­

sally accepted to be an important abiotic factor for all living 

organisms, Juday (1922) ujhile studying the fermentation of bot"=-

torn deposits in Lake Tiendota (Wisconsin), observed that carbon-

dioxide was the second largest decomposition product constitu­

ting !>% to 30^ of the total gases evolved. According to Welch 

(1952) in natural ujater3, the amount may be very small in the 

upper circulating uiaters, bub thie healthy growth of green plants 

is a standing evidence cf the adequacy of these small quantities. 

Large quantities of Carbon-dioxide usually have detrimen­

tal effect on plankton, becoming rapidly fatal, if amounts are 

sufficiently high. Welch (1952) stated that high carbon-dioxide 

content appears to be more toxic in the presence of low oxygen 

.tjjontent, î oitra and Bhowmick (1968) observed that free carbon-

dioxide was at it?! minimum when zooplankton dominated the plan­

kton volume. In the present study, it has been observed that 

whenever free carbon~dioxide was at its minimum, percentage 

composition of zooplankton were found to be in higher range, in 

other words, zooplankton fluctuated almost inversely with free 
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carbon-'^dioxida contente Therefore^ It can be, ascertained that 

presence of fiigh quantities of free nerbon-dioxide have detri­

mental affect on zpoplankton and are toxic, ujhich supports the 

Mieni of Welch (l952) that free oarbon=dioxide is an important 

abiotic factor for all biotic factorsc. Houjever, IMasar and Munshi 

(1974) reported that free carbon-dioxide was not a limiting 

factor for the growth of zooplankton. 

An in'./erse relationship betujeen Phosphate levels and phy-

toplankton numbers has been shooin by Michael (1969) vuhich seems 

to be true in. the present study too. Taylor and Welch (1970) and 

Hannan and Young (l97ci) observed an inverse plant nitrate rela­

tionship, ujhich is evident in the present study too, 

Silica is sn essential nutrient for diatoms, which build 

their frustuJ.es of thi.=! glossy material. Diatoms and silicates 

/ showed an inverse relationshio with each other in the present 

study (Fig» 1?). Since diatoms constitute a very prominent and 

strategic group in the plankton and require silicon for the manu­

facture of their shells, the available supply of silicon in the 

water is regarded as a matter o-̂  real consequence (Welch, 1952). 

Hence, it can be said that large numbei" of diatoms draw heavily 

upon the silicon producing variation in it. In fact, it is 

claimed that the production of diatoms is directly determined by 

"~ the silicon supply (Welch, 1952). Pearsall (1923), Riley (1943), 

Hasler (1947),and Ruttner (l953) reported that the disappearance 

of dissolved silica from water is commonly associated with the 

growth of diatoms and observed that diatom maxima commonly coin­

cided with the lower levels:of dissolved silicate. Hence, the 

present finding is in conformity with them. 
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Pearsail (1932) is ot the K/ieiu that grca'th of plankton 

diatoms is frequently limited by the evailability of one or the 

other major nutrients» According to him, diatoms appear when the 

water are richest in Nitratep Phosphate and Silicate and gaue 

importance to phosphate as an important factor controlling dia-* 

tom periodicity than nitrates, but according to Whipple and 

Parker (l902) nil-rate la the main factor. In the present study, 

phosphate seems to be en important factor controlling diatom 

periodicityo Seasonal variations in phytoplankton populations as 

a result of changing en\./irufimental conditions has been well do­

cumented (Riley, 1946j Ryther, 1954j Conouer, 1956| Hulburt, 

1964| Patrick, 1967| Pilay, 19675 Carpenter, 1971 and Mulford, 

1972),. According to Riley (1946) and Samuels Bt_ al. (1979), the 

dynamics of phytoplankton growth and community structure over a 

seasonal cycle in temperate latitudes is controlled b.y a highly 

complex relationship of environmental factor in which one factor 

after other, gains momentarily greater significance. In the 

present study too," it has been observed that variation in phy­

toplankton population t-ve as a result of the change in environ­

mental conditions, 

In the present study, no distinct periodicity in the 

total plankton could be observed, which could be explained as 

in freshwater bodies, the physico-chemical complexes undergo 

frequent changes partially due to the changes in the meteorolo­

gical factors which in turn influences the plankton periodicity 

accordingly. Therefore: definite and periodic changes as repar= 

ted from big lakes and oceans may not be observed in similar 

small ponds, 

A general depletion of soluble nutrients was recorded 
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when the plankton densiby iojaa, high 'uhich may he attributed, to 

the biological activity of the plankton and vice versa. It may 

be concluded that the plankton population is directly or indir­

ectly influenced by thB seasonal variations in the complexes of 

other limnolugical factors. The annual quantitative abundance 

of planktonip population depends on the succession of appeara­

nce and disappearance of its component species as is clear from 

the present results ujh.'oh further supports the view of Nasar 

(1979a). 

It is said that (Cole,. 1979) streams are rather poor in 

plankton, except in large streams far from their sources or in 

relatively quite side pools viihere conditions are much like len-

tic environments. The outlet from lakes and ponds introduces 

plankton organisms into streafr.s, but they are destined to dis­

appear rather rapidly, reason being the diurnal rate varies for 

different I.akg plankters. 

According to Hynes (i97G)j in stream the bulk of the 

phytoplankton is composed of diatoms and zooplankton is marked 

by more Rotifers, relative to mzcrc^crustaceas that are typical 

of lake plankton communities. Hou/ever, in the present study, 

the dominance of Rotifera among the zooplankton could be obser­

ved, but among phytoplankton, Chlorophyceae ujas found to rbe 

more abundant than Bacillariophyceao. 



CHAPTER I I I 

BIOLOGY OF THE FISH 



I N T R O D U C T I O N 

The brilliant colour^, bizarre shape's and curious habits 

of tropical fishes are UJBII knovun, and throughout the tropics 

fresha'ater fishes are o^ im.mens^ importance in providing protein 

food for human beings. The dpmand fcr such protein is rising 

exponentially luith the rapidly increasing human population and 

attempts to raise living standards, 

Although the study of ecological processes is of f£bnda-

mental importance ^or man's continued existence and uiell being, 

such studies from the tropics are still .in their infancy and 

theories about tropical communities are based on few hard data, 

many of tham c-ulled from the behaviours of bird and insect 

populations, Houjsver, fishes have been investigated more than 
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any other group of. v/ertebrBtes in ^'^\e tropics, but unfortunately 

the results hiave generally been published in special reports, 

not readily au.ailable to the general ecologists. Tropical eco = 

systems are nouj being changed rriomentously oy man, and it is of 

paramount importance to study thjo complex oieb of interrelation­

ships in order to avoid irrepairable damage to the environment 

and to its faunas* 

Tropical fish cofiimuniti.es are no";;ed for its high diversi­

ty. The history and geography of the area dictate the basic 

stocks of fish Lufiich gain access to it (LoLue^McConnell, 1975). 

The fishes manage to oersist in 3 particular geographical region 

which depends on the suitabi.lity of ecological conditions for . 

all stages of life history, since fishes are very mobile creat­

ures, searching out different habitats to suit the particular 

requirements of 'ihe eggs, the young fish, juveniles or adults. 

Their social requirements change too, many fishes living in 

shoals- uihen young, but in pairs or solitarily ujhen adult. Thus, 

the cGxposition of the fish communities, the group of interac­

ting population luithin a particular habitat, may be changing 

continuaJ.ly (Loiue-FlcConnell, 1975), 

The results of interplay betiueen fish and environment is 

that in certain places, communities are very stable throughout 

the year and from year to year and probably long periods of 

time, ujhile in other places community membership is changing 

radically all the time, often udth seasonal regularity. Some 

fish species are eurytopic, that is to say that they can aiith-

stand a.great range of environmental conditions' such as changing 

temperatures or salinity, or they can eat diverse type of food 

while other species are stenotopic, tolerating only a very nar-

rouj range of conditions. 
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According to Ho.lt {^967)f as3es-3m9nt of world production 

is needed i,n the next three decgdes and that inland ujaters luhere 

control can be exercised over the factors governing production 

will have to bear the brunt of this increasing demand. There, is 

thus an urgent need to understand the factors inv/olv/ed in fish 

production. 

The extensive researches on freshujater fishes in India 

generally centres around the biology on-ly cf those impedes luhich 

are being used to stock dams and lakes rather on natural fish 

communities J. In India, the major Indian carps, such as Catla 

SJ-ki^ Lab BO rohita and Cirrhina rriri ga_la. and the exotic carps 

^i^., Cyprinus carpio^ Ctenop.harynqdon idej.l_û  and Hypothalmic^-

hthys molitrix^ are the main culturable fishes (iMasar and Kaur, 

1979). Apart from these there exists a wide variety of other 

taleostean fishes which can breathe air. Such fishes have evol­

ved specializeo organs or accessory respiratory organs, in some 

the suiimbladder, in others altogether new organs, in a few the 

gills and in still others the skin has taken up the respiratory 

function. These teleosts belong to different families but due to 

their special adaptations to aerial respiration they are gener­

ally grouped together as "Air-Breathing Fishes'', Channiformes 

is one such order in which fishes have a definite pouch or air-

chamber which can store the inhaled air for atleast a short per­

iod, It has evolved in the pharyngeal region probably as a res­

ponse to more vigorous and pronounced aerial respiratory exer­

cises, In Channidae, the air'-chamber lies above the gills and 

is enclosed within the skull (DattaMunshi,1962| Hughes and 

DattaMunshi, 1973)., 

These air-breathing fishes are different from the others 
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by the virtue of their pertain physiological adaptations such as 

development of accessory respiratory organs.for aerial respira­

tion, modification of their.blood physiology, thyroid hormone 

specializations, occurrence of diving reflexes and adaptation 

of certain snecial behaviouristic patterns. Hoiuever, much remain 

still to be understood about the life processes of these fishes 

uLfith particular reference to their environment* The paucity of 

information on thf' general biology of these specialized teleosts 

has many reasons. One of them, probably is that in favour of 

culturing major carps, the highly predaceous air-breathing fis­

hes oiere looked doujn upon as a hindrance in the endeavour and 

were methodically eliminated as a recommended practice for ideal 

pisci-culture B The attention of a feoi luorkers, houjever, drau/n 

towards them luas purely of academic nature, 

Morphological variations in fish as a result of adapta­

tion to its new environment have been cited by various authors 

(Schmidt, 19215 Uladykcv, 1934; Taning; 1944? Lindsay, 1954', 

Page, 1958; Barlow, 1961 )u According to Grant and Spain (-1977), 

the concepts of size ar.d shape are fundamental to the analysis 

of variation in living organisms. According to Le Cren (1951 ) 

knowledge of the length-weight relationship of a fish is essen­

tial since various important biological aspects viz., general 

•well being, appaaxance on first matuvity, onset of spavuning, 

•fecundity in relation to length and weight of fish etc. can also 

be assessed with the help of condition factor of this relation­

ship. An important derivations of growth is what fish population 

analysts have termed '.Condition factor' or 'Ponderal index' or 

more popularly known as the "K Factor''. Apart from estimating 

the length-weight relationship of fish which makes it possible 
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to convert length into ujeight and vjj2^ )iMLS3j> another approach 

has been to'determine the coeffficient of condition (K-factor) 

ujith the objective of expressing the condition of the fish in 

numerical terms'i.e., degree of ujell-being, relative robustness, 

plumpness or fatness. 

For proper fishery management, a thorough knoiuledge of 

maturation cycle and depletion of gonads is of utmost importance 

as it is essential to understand and predict the annual changes 

that the population undergoes. From these studies a variety of 

inference could be drawn^ such as the rate of regeneration of 

stocks and determination of ecological factors luhich led to syn­

chronization of breeding activity. Similarly, information on 

such related aspects as fecundity, size at first maturity etc., 

are also pertinent and all these aspects should be considered 

for successful aquaculture. The knoujledge of the number of eggs 

produced 'by fishes is of great value in pisci-culture, as it 

Lupuld determine the amount of rearing facilities required and 

the extent to ujhich various kinds of equipment uuill be needed. 

According tp Corbin (1948 and 1952), the number of eggs produced 

by the fish must be knoujn, if survival is to be estimated. The 

data pertaining to fecundity are also useful in determining the 

density dependent factor affecting population size (Simpson, 

1951 ) and for separat ing different fish stocks from the same 

population (Farran, 1938). For several centuries the attention 

of laymen, naturalists and fishery scientists has been draujn to 

the number of eggs in the roes of f̂ emale fish. Fish fecundity 

has been studied not only as one aspect of natural history, but 

also in association ujith studies of papulation dynamics, racial 

characteristics, production' and stock recruitment problems 

(Bagenal, 197.8). 
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The constant demand for adGquate nourishment is a selee-

tive agent that may greatly, influence an organism's existence. 

This influence can be so persuasive that many ecologists feel 

it as a primary factor declining an organism's niche (Schoener, 

1974). Investigations of the feeding ecology of a species can 

produce insight into hoiii the organism has evolved ecologically 

to meet this pressure (Grossman e^al,«» 1980), Most s.tudiea of 

the food and feeding habits of fishes from varying habitat have 

shown that those of any one species differ in time and space .-• 

and at different stages of growth (Hardy, 1924; DeSilva, 1973), 

thereby emphasizing the -need to the study in more details, the 

food habits of a species. It is also considered important for ''. 

the propagation of the species to gain more accurate knoo/ledge ::• 

on its feeding b8ha\/iour, since it can be cultivated for exploi­

ting natural food, 

Air breathing fishes, as the nomenclature itself suggests, 

can breathe atmospheric air besides breathing through gills. By 

virtue of their aerial respiratory habits, they are well adapted 

to standing waters, deficient in oxygen such as those of swampy 

water bodies. Air-breathing fishes are in great demand for their 

nutritive and therapeutic qualities. In recent years, culture of 

air breathing fishes is gaining a fillip in the country parti­

cularly because of the need to put vast areas of swampy and 

fallow waters to immediate use for the benefit of mankind with­

out getting involved into costly processes of their reclamation. 

Among different families of air-^-breathing fishes, Chan-

nidae (=Ophicephalidae) enjoys quite a wide range of geographi­

cal distribution. Fishes of this family can be recognised by 

the shape of the head which resembles that of a snake, hence, 
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knoujn as 'Snake-Heads'. They are^ characterised by the possession 

of an accessory respiratory organ uuhich enablss them to live out 

of water for hours- at a stretch or indefinitely in oxygen poor 

waters and even in moist mud. The family is represented by a 

single genus Channa Scopoli 1777. This genus is represented in 

Shillong (Meghalaya) by three species Channa qachua (Ham,), 

Channa staujartii (Playfair) and Channa punctatus (Bloch). The 

genus Channa Scopoli is an important and a very popular fish in 

the Indian sub-continent, owing to its ability to live out of 

Water enabling live marketing and delicious flesh is highly es­

teemed as a food fish and is indeed connoisseurs delight in 

several States of India. It is well known for its nutritive, 

invigorating and therapeutic qualities and is recommended by 

physicians as dietary ingredients for the sick and convalescent, 

In a virtual absence of scientific knowledge on the bio­

logy and environment of the Channids indegenous to the highlands 

of the North^Eastern Hill region, it has been felt desirable to 

conduct studies on the biology of these fishes. Such studies is 

of utmost importance not only to fill up the gap of our present 

day academic knowledge but also in the utility of the knowledge 

in increasing the technological efficiences of the fishery 

entrepreneurs for evolving judicious pisci-culture management. 

The study pertains to the specimens of Channids with 

particular reference to Channa qachua (Ham.), collected during 

the period from September 1978 to August 1979 from a pond and a 

torrential hill stream situated in Stiillong (Meghalaya). The 

results obtained on the biology of Channa qachua from the lotic 

and lentic systems have been compared to gather knowledge on 
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intra-specific variations. Furthsr, tbe results obtained during 

the present Investigations of Channa qaohua (Ham.) have been. 

compared ujith the results obtained for Channa s_tB_iuar_tii_ (Play- . 

fair) available only in the stream and Channa punctatus (Bloch) 

available only in the pond, for inter-'spacific comparisons in 

the morphometric characters, length-uueight relationships and 

food and feeding habits* All the biological parameters taken 

f'°̂  t̂ hanna, oachua in the present study, could not be compared 

inter-specifically oiuing to the occassional availability of 

C_. st9_ujartii_ and £. punctatus in the systems. It has also bean 

tried in the present in\/estigations to find out the impacts of 

the abiotic and biotic factors of their immediate environment • 

on the biology and the adaptive interactions. 
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REVIEW OE LITERATURE 

Knowledge of the occurrence of fish in India dates back 

to three millennium B,C^ (Horaj, 1956), According to Math (1966), 

fish remains with cot marks, indicativye of their use as food, 

have been obtained from excavation at Mohenjodaro and Harappa of 

the Indus Ualley civilization (2500 - 1500 B.C.).,While Aristotle 

(384-»327 B.C.) is said to be the founder of Ichthyology, King 

Somesvara, the son of King V/ikramaditya l/'Ij tuh'o composed the 

book "Hanasoltara" in 1127 A.O,, was the first record of the 

common sport fish of IndiaQ grouping them into marine and fresh­

water riverine forms (Hora, 1951a). The first modern writer on 

Indian fishes, according to Day (1878) was Bloch whose splendid 

work Aus_landiche Fische was published in 1765. Later, Laceped 

wrote Historie des Poissons (l798°1803). Russel (1803) described 

200 species from Wizakhapatnam, There appeared Hamilton's (1B22) 

pioneer work "Fishes of Ganges" which contains a description of 

269 species of fish from the Ganges and its tributaries. Cuvier 

and l/alencienne' s "Historie .Na,t;jjr_el.l_e, des Poissons", published 

in 182B-1B49, provided more impetus to the study of Ichthyology 

than any other work till then. Other notable works on the taxo­

nomy of fishes are those of McClelland (1839), Sleeker (lB53), 

Blyth (1860), Gunther (1859-1870). 

There is, however, no work of greater importance on Indiafii 

fishes than the epoch making contributions of Day's "Fisheries 

of India" (1878) and "Fauna of British India, Burma and Ceylon" 

(1BB9), In the present century, valuable contributions on fish. 

systematics have been made by Mora (l944, 1951b, 1955), which 

are being continued by many zealous workers notably Shaw and 

Shebbaare (1937), Misra (1959) and Menon (1951] 
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Aspscta on the syateniatics :sjch as morphometry and meria-

tic characters, colouration, key to the identification, sire 

attainments and habits and habitats of Channids with particular 

reference to Channa qachua<, C_. £te_u)ajc;tiî  and C^, punctatus have 

been dealt by Hamilton (1822)5 Sykes (1839, 1841 ); Gunther (1861 ); 

Day (1878, 1889); De (l910)| Willey (1910); Raj (1916)| Das 

(1927)? Daraniyagala (1929)$ Myers and Shapolov (l93l)| Spence 

and Prater (l9J3)j Shauy and Shebbeare (l937)? Anon (I962)j De-

Witt (l960)j Greenujood e_t_ aĵ * (1966), A good deal of uiork on the 

bionomics, breeding habitsj life history and development of 

these fishes have been reported by Raj (1916); Khan (1924,1925); 

Das (1927); Rahimullah (1946);' Mookerjee (1945, 1946); Bhattac-

harya (1946); MooK.erjee et_ al,. (1946, 1948, 1950); Alikunhi 

(1955) and Paramesujaran and Piurugesan (l976). Qayyum and Qasim 

(l962) observed the behaviour of an Indian murrel, C_- punctatus 

during brood care« 

Taxonomic values of Channa punctatus^ and C_. marulius have 

been dealt by Tandon and Keur (l979), 

With regard to the, fnorphalogii-:;al anatomical, histologi­

cal studies atco., Dutta and Reddy (1974) described the head 

scales of Channids. Rana §X Sil.^ (1976) studied the morphometries 

of the olfactory rosette in C_. punctatus, Tandon (1964) repor­

ted the absence of the right pelvic fin in C_. punctatus. The 

anatomy of the synapses in the central nervous system of 

£.• Q,achua mas described by Mishra (197B). Shanbhag and IMadkarni 

(1979) studied the histological and histochemical of the testi­

cular cycle of Ĉe gachuat ujhereas 3oshi and Sathyanesan (1979) 

studied the adrenal histochemistry and histoenzymology of 

C_» punctatus. 
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In recent years, physiological and biochemical aspects 

ha\/e been dealt by many ujorkera.. Garg and Sastry (1976) studied 

the intestinal transport of fructose and glycine in C_. punctatus. 

Biochemical compartmentation of t.issue ujith reference to brain 

energy reserves and its metabolic products has been ^studied by 

Shaffi (1978), 'jjhere.as Garg (l978) observed the site and rate of 

sugar and amino acid transport in intestine and pyloric cacea of 

some Channids. Sriuastava and Gupta (1979) reported the total 

distribution of free amino acids in the brain of C_. punctatus« 

Saxena and Mani (1979) studied the ovarian recrudescence in C_. 

punctatus during thiourea treatment. Bhattacharya e_t_ aj^, (1979) 

conducted experiments on the role cf synthetic mammalian thyrot-^ 

ropin releasing hormone on thyroid peroxidase activity, 3o3hi 

and Sathyanessan (1980) observed cycsj-ical changes in the mono­

amine oxiaase (MAO) activity in the testis of.C_, punctatus* Muscle 

fluid compartments and slectrolyte distribution in relation to 

gonadal cycle in C_o p_unctatus have been studied by Sinha and 

Datta Munshi (l979), Mustafa and 3afri (1977) conducted studies 

on RNA and protein contants in C_, punctatus during groiiith, luher-

eas in tne same fish, hustafa (1979; .-studied the RNA'and protein 

synthesis in relation to biological condition. Mahajan and Agar-

oial (l979) reported regarding l/itamin C deficiency in C.puncta-

tj-Ls_. Sujarup and Srivastava (l975) reported the occurrence bf 

collagen capsules in the testis. 

A good deal of research luork has been done on the struc­

ture of accessory respiratory organs, respiratory physiology 

and connected aspects in Channids. The most notable contributions 

from those past luorkers are of Day (l889)5 Das (1927)^ Dubale 

(1955, 1959); Datta. Munshi (1962); Hughes and Datta Munshi 
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(1973, 1979)| Ramasujamy and Reddy (1978) and Hakim et_.al.. (l978). 

Recently, an excellent revieiu on the oross and fine structure 

Luith the functional aspects of the respiratory organs of these 

fishes has been presented by Datta Munshi (1976, 1980). 

Significant contributions have been made on the-haemato-

logical aspects of Channids. Mahajan and Dheer (l979a) reported 

the seasonal variations in the blood constituents of C«punctatus» 

Hahajan and Dheer (l979b) alsc studied tne cell-types in the 

peripheral blood of the same fish, Chitra and Rao (l979) inues= 

tigated on some aspects of haematological factors in C«punctatu3« 

Autoradiography and differential haemoglobin staining as aids to 

the study of fish haematology has been emphasized by Mahajan and 

Dheer (l979c), fl good deal of luork on blood physiology Luith ref­

erence to glucose and lactic a.;id levels have been conducted by 

Khanna and Singh (1971 )j Suryavanshi and Chakraborty (l972). 

Saxena and Sharma (1978) studied the flame photometry and photo-

colorimetry of electrolytes of plasma ^̂ of C_. qachua t 

Results of investigations on nutritional properties viz., 

chemical compositio,n of a feuj species of Channids have been 

reported by Anon (l962). 

In recent years, this group became the target of various 

significant toxicological studies. The most notable contribution 

0" £.• qachua are by l/erma e^ aj.̂ . (l978)5 Dalela e_t al.. (l978); 

Hunumante and Kulkarni (1979) and Mishra and- Singh (1979), Houj-

Bver, Luith regard to C^, punctatus, contributions have been made 

by I'lahajan et_.a^, (1979); Sharma e_t al_. (l979)j Srivastava and 

Singh (l980) and Goel and Garg (1980). Gill and Khanna (l976); 

Ray and Madda (1976); Sharma (197&); Sastry and Sharma (l97B, 

1979, 1980); Uerma et al. (1979) and Mathur (l979), 
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With regard to pathological investigations, Anees (l978) 

studied the hepatic pathology in £. puriotatus exposed to sub­

lethal and chronic levels of some orqanophosphorus insecticides. 

Boss and Sinha (1979) studied the histopathology of the stomach 

UJall of C_, qachua« attributable to the digenetic trematode G'en'ar'-

chopais qop'pp (Ozaki). Mahajan e_t̂  .al', (1978) studied the parasi-

tiSjjation of Isopararchis hypselobagri in D. punctatus. Kumaraiah 

a_t_ al.. (1978) recorded a bacterium causing eye disease and morta­

lity in 0-. mar^ulius* Recently, the life history of All'ocreadium 

hs^ndiai has been studied in C_. punctata by Madhavi (19B0). 

The necessity and importance of cultivation of such fishes 

in India have been stressed and emphasized by Dhingran (1976) and 

Dehadrai and Tripathi (1976)^ The possibilities of their culture 

under Indian conditions have been shown by Chacko and Kuriyan 

(1948) and Mitra (1956). The techniques of cultivation of Channids 

have bean discussed by dhingran (1976) & Dehadrai and Tripathi (1976). 

With regards tc the studies on the biology of Channids, 

the follouiing aiorthmentioning ujorks are available. The bionomics 

breeding and grouith of C_. striatus have been dealt by Willey 

(1910), Raj (1916), Rardmullah (l946), Bhattacharya (l946), Moc­

ker jee £t aX» (1948), Alikunhi (1953) and Murugesan (l 978), luhe-

reas the growth potential and fishery have been dealt by Para-

mesujaran and Murugesan (1976), Srivastava (l977) and Muruge-

san .(1978). A good deal of ujorks on the different aspects of 

general biology in C_, punctatus have been conducted by Mooker-

Jee et, al (l946)j Das and Mitra (1958); Dehadrai £t al, (l973) 

and Paramesujaran (1975). £. steiuartii and C_, qachua have recei­

ved very little attention mith regard to their biological stud­

ies. Houjever, Ganguly ^ £̂ » (1963) studied the breeding habits 

developments length-iueight relationship and food and feeding 
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habits of C_. st̂ eujajctî  from FaridpLiT.- (Ea?5t Pakistan). The most 

poorly studied species among Channids, is £« qachua as the only 

ujorthmentioning literature available is by Mookerjee £t_ al« 

(1950) on the life history of the fish and a casual mention 

about the general biology of the species collected from West 

Bengal (India). 

The foregoing review of literature reveals, though a. 

fairly good account of the biology in Channids, there are still 

several points with regards to the general biology of this 

group, particularly £, £a£hjJa. and C_̂  steuj'artii which require 

elucidation. Hoaiever, available information on such aspects in 

other species of Channids is of very general and preliminary 

nature. Moreoverj, there is practically no information available 

on the general biology and ecolcgy of Channids from higher al-=" 

titudes-. Therefore, it has been felt desirable to conduct an 

investigation on the biology of Channids '(viz. C^, qachua. C_, 

stewartii and C, punctatus) indioenous to the highlands of 

Shillong (Meghalaya) in relation to their abiotic aî d biotic 

environmental components. 
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Phylum 

Sub-Phylum 

Super Class 

Series 

Class 

Sub-Class 

Super Order 

Order 

Family 

Genus 

Species 

l/ertebrata 

Craniata 

Gnathostomata 

Pisces 

Osteichthys (Teleostomi) 

Actinopterygii 

AcanthoptRrygii 

Channiformes (=Ophiocephaliformes) 

Channidaa (=Ophiocephalidae) 

Ch_a.nna. Scopoli 1777 

P," SSSJiyj. (Hami l ton) 
£.• s t e a i a r t i i ( P l a y f a i r ) 
C- puncts tus (Bloch) 



91 

DIAGNOSTIC CHARACTERS OF THE GENUS CHANNA Scopoli, 1777 

Smith (1945) nibde a plea for' retention of the familiar 

name 0£hi£e£hjjAis, Bloc;h 1793 for this genus, but the rules of 

nomenDlaturB are adamant in this case and that Channa Scopoli 

should be used, r^oreouer, Horre and Myers (1957) expressed their 

opinion in favour of Channa and subsequently taxbnomist are 

using this name.. Hence, the name Channa has been used in the 

present case, 

Day (1(8^8) outlined the diagnostic characters of the 

genus ĥan.na.̂  as follouus i-

1 •* Branchiostegal fins* 

2o Pseudobranchiae ab.sent. 

3» Gills four. Gill openings 'ojide, the membranes of tujo 

sides being connected beneath the isthmus* 

ft» A cavity exists above and a£j:;essory to the true cavity, 

but although some thin bony lamillae are present, no 

suprabranchial organ is developed, 

5o Body elongated, sub=cylindrical anteriorly. 

6. Head depressed, having superiorly someoihat plate, like 

scales• 

7. Eyes lateral. 

8, Teeth in the jauus, vomer and palate some of luhich may 

be conical. 

9, A single long, spineless dorsal fin, and a similarly 

constructed through shorter anal. 

10. l/ent.rals thoracic (Ophiocephalus) or absent (Channa) 

ujhan present consisting of six rays, the outer of ujhich 

is unbranched and sibmetimes articulated, at its extremity, 
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11 « Scele-B of large, moderar.e or small size, 

-12. Lateral line abrupt!y CJrved .cr almost interrupted, 

1 3 . Air \-'essel.;lpT.;esRnt^;,,' ; 

14. Pyloric- appendages, when present, feiii, 

The family is rspresented by a single genus Channa Sco-= 

.poll-1777, Earlier, the oriental,species were described under 

't'ujd 'genera - (i) 'Charu^B. ^° include' tujo pelwic fin less''genera, 

Drlantalia f.row Ceylon and asiatica .frcm China and (ii) Ophio° 

cephalus Bldch 1793, to include all other species luith pelvic 

fins. Earlier forms with v/entral fins were designated as Channa 

q̂ ac_hua v'̂ am, Buch 1B22) and forms aiithout ventral fins as Channa 

orient alls (Bl. Schn, 18Cl), However, DeWitt (l950) has shou/n 

the Channa oachua is a synonym of 2." orientalis, considering 

the absence of ventral fins ac an aramalous character. This is 

the onJ.y speciec in 'i/hich tiie rnaette of head scales is situated 

behind the. orbits :so that it i;ouches the ,frontal head scales in 

front and tlie basal head scales behind. The cephalic sensory 

pores are in the form of single pores. 

KEY TO THE lOEWTI FI'C.ATIOf'J 

Channa ^jghua. ; 

D, 32-57? P..155 y. 6i A, "21-23; 

C, 125 lateral line scales, 40-45; 

L, tr. 3-4/6-7; Pre-dorsal scales. 12, 

Cĥ anna s_tBu;ajtiî  i 

D. 35-40; P. 17; \l. 6; A, 23-28; 

C. 14; Lateral line scales, 45'=-50; 

L. tr, 4i - 5^-/9-7 o 

Ch;'arma_ punctatus '. ' 

D. 29-32; P. 17; V, 6; A, 21-23; 

C. 12; Lateral .line scales. 37-40; 

L, tr. 4-5/9; Pre-dorsal scales, 12, • 
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CH_A;NNA GACHUA 

Channa 0IL4anj;.,3lig. 'Blof̂ hs Syst, Ichth,', P» '^^6? pl- 90, fig, 2, 
1801, type-locelity; India, 

Gunther, Cat. Pish. Brit, f̂ lus., 3, p. 483, 1881. 

Day, Fish. India., p. 368, pi. 78, fig. 2, 1876. 

Day, Faun, Brii. Ind. Fish., 2, p. 365, fig. 119, 18'89. 

De Witt, Stanford Ichth. Bull., 7(4), p. 81, I960. 

Ophiocephalus cia_c_hua_ Hamilton, Fish^ Ganges, p. 68, 367, pi.21, 
fig. 21, 1822; typa-locality, Bengal. 

Bleaker, Uerh. Bat. Gsm., 25, p. 42, 1853. 

Gunther, Cat, Fish, Brit. Mus., 3, p.471, 1881. 

Day.v Fish., India, p. 367, 1876. 

Day, Faun, Brit^ Ind, Fish., 2, p. 364, 1889. 

Shauj and Shebbeare, 3, Asiat., Soc. Bengal, 3, p. 121, 
1937? type-locality i North Bengal. 

Menon, 3. Bombay nat. Hist. Soc, 48(3), p. 540, 1949, 
type-locality : Kumaon,-

Menon, Rec. Indj.an r-luŝv 47, p. 229, type-^locality : 
HosiarouTo 

Ophiocephalus aurantiacus Hamilton, Fish. Ganges, p. 69, 368, 
1̂ 1. 23, fig, 22, 1922? type-locality ; Goalpara, Assam. 

Dphio_CBphalus limb̂ â tû s Cuv/î r (in C & \1), Hist, Nat, Poiss., 
7, p. 201, 1831. 

0p̂ hipcej3h_al_u_s. coj:_mpt_a^ Cuuier (in C & V), Hist. Nat. Poiss., 7, 
p. 414 TFroTtTR'usel, pi. 11, p. 49), 1831? type-locality : 
Wizaqapatam, 

0phipce^pha 1 us_ .f.us_c.a. Cuv/ier (in C & U), Hist. Nat. Poiss., 7, 
p. 414, 1831 . ' ' 

0phi0cejijia,]-u_s jPjLr̂ î QaitjJs, Cuvier (in C & U), Hist, Nat, Poiss,, 
7, p, 411, 1831, type-locality i Pondicherry. 



94 

Ophiocephalus montanus McClt̂ Ilanclp Calcutta, 3. Nata Hist,, 2, 
p. 583o 18425 type-J ocality i Baisoot, 3i:llalabad, 
Himalaya and Sadoo, 

Bleeker, Uerh. Bat. Gen,, 25, p. 42, 1853. 

Philyp no idles s uj_a|<_ax̂ 6̂-Q>U--,-̂.. Bleeksr, l/erh. Bat. Gsn., 22, p. 
;*19, -1849, 

Op.h i ope p h a -I u ŝ  k a 1 a a_r t i i Gunther, Cat, Fish,, Brit. Mus., 3, 
p. 472, 18615 typa-lncality ° Ceylon, 

Ophipcephalus oachua :Ti£.laGCGnsis Peters, Tlanatsber. Akad, Wiss. 
Berlin, °p, 2a''2, 1868. 

Ophiocephalus harcourt butteri Annandale, Rec. Indian Mus., 14, 
p. 54,' pl= 2, fig. 7, pi. 4, Tigs. 16, 17, 1918. 

Hora, Rec. Indian. Mus., 22, p. 208, 19215 type-locality: 
Manipur. 

Channa bijrni_an_ipa Chaudhuri, Rec. Indian Mus., 16, p. 284,' pi, 
22> fig,4, 1919^ type-locality I W.Burma, R, Irraujady. 

Cjhajina, £â jhjja. Menon, RGC. Indian Mus,, 52, p. 22, 1954j type-
locality t i^anipur. 

Channa ^c'njaa^ I'lenoOj, A. check-=list of luorks of the Himalayan and 
Indo-Gangetic Plains, Spl, Publ» 1, Inland Fish, Soc, 
India. 1974, 

Distribution : India, Ceylon, Nepal, Pakistan, Bangladesh, 

Burma, Thailand. Indo-China, Yunan, Malaya, Malay Archipelago, 

Hiainan and Taiwan. 

CHANNA STEWARTII 

Ophiocephalus^ ste^martii Playfair, Proc. Zool, Soc, Lond,, p.14, 
pi. 3, pi. 77, fig. 3, 1876. 

Day, FaUPc Britc Ind^ Fxah., 2, p. 363, 1889, 

Sha'̂  and Shebbeare, 3. Asiat. 'Soc, Bang,, 3, p, 123, pi. 
4, fig. 3, 19375 type-locality : N.Bengal. 

Menon, Rec, Indian. Plus., 47, p. 235, 1949; type-
locality ; Rlvsrkosi, E.Nepal. 

Distribution ; Eastern Himalaya. 
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Channa .3tB_uj_artii Menon, A cheak liuh of fishes of the Himalayan 
and Indo-Gangstic Plains. Spl, Publ» 1«, Inland Fish. 
Soc. India. 1974. 

Distridutiori : Eastern Himalaya. 

CHANNA PUMCTATUS 

Ophi;ocephalus £i.in£iâ iĵ , Bloch, Naturges. ausland, Fische, 7, 

p.1395 pl» 350, 1793; typa-locality : Coramandel Coast. 

Bleaker, Uerh, 8at, Gen., 25, p. 42, 1853. 

Gunther, Cat. Fish. Brit. Hus., 3, p. 469, 1861. 

Day, Fish. India, p. 367, pi. 78, fig. 1, 1876. 

Day, FaiUn. Brit, Ind, Fisn«, 2, p. 364, 1889. 
Shauj and Shabbeare, 3, Asiatt Soc. Bangal, 3, p. 123, 
pi. 4, fig, 1, 1937; type-locality : N.Bengal. 

Hora, Rec. Indian, Mus c,- 39, p.44, 1937j typa-locality : 
Nepal. 

Menon, Rec. Indian Mus., 47, p.235, 1949j type^locality : 
River Kcsi, East Nepal. 

Regan, Res. Indian Mus., 1, p»158, 1907; typa-locality : 
Nepal. 

OphiocBp_ha,lus karruoiey Leceped (Bufform), Hist. Nat. Poiss., 
3, p. 552, 1802| type-locality : Trangueban. 

Ophioce_phalus latâ  Hamiltoin, Fish > Ganges, pp. 63, 367, plw 34, 
fig. 18, 1822J type-locality : Riuer Ganges. 

Op_h_iojgepha 1 u3 indicus McClelland, Calcutta, 3. Nat. Hist, 2, 
p. 583, 1802; type-locality ; Loodianah and Jallalabad. 

Bleeker, \/erh. Bat. Gen., 25, p. 42, 1853. 

Ophiocephalus affinis Gunther, Cat, Fish. Brit. Mus., 3, p^470, 
1861; type-locality : Mauritus, 

Channa, punctata De Witt, Stanford. Ichth. Bull., 7(4), p. 82, 
1960; typa=locality : Nepal. 

Channa punctatus, Manon, Rec. Indian, Mus., 52, p. 22, 1954; 
type-'locality 2.Manipur. 
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Channa punctatus Menon, A checks-list of fishes of the Himalayan 
and Indo-Gangetic Plains, Spl. Publ, 1, Inland Fish. 
Soc. India. 1974. 

Disti'ibubion ° Ceylon, Indiay Pakistan, Nepal, Bangla­

desh and Burma. 
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VERNACULAR MAf̂ ES OP CHAMNA (= OPHIOCEPHALUS) GACHUA 

Hindi 

Bengali 

Tilegu 

Tamil 

Kananda 

Malayalam 

Oriya 

Panjabi 

Wepcjli 

AssaniasG 

K h a s i 

Dheridhoki Chenga 

Cheng 

Yarra-mattp.; Kora-motta 

Para-Korauaik; Manian-Koravai 

Hotta; Mahkorava 

Karayn; Bral 

Chenga; Chayung 

Doarrah 

Hili 

Chonga 

Dohthli 



M A T E R I. A L A N D M E T H O D S 

COLLECTION SPOTS '. 

The material for the present study pertains to the sam­

ples of Channq gachuaj Ĉ . steiuartii ano £, purictatua collected 

at fortnightly intervals from the same pond and stream from 

uihere samples for physico'*chemical and plankton studies aiefe 

taken.. The collection of the fishes ujere made on the same day 

and time and from the same spots (Fig. 2) from luhers the samp­

les for abiotic and others biotic factors uuere collected. 

COLLECTION PROCEDURES ; 

Specimens of the above mentioned species for biological 

studies Luere capturca with the help of hand nets, drag nets and 

a specially designed fish trap described belouj, 
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It Luas observed that no sffici-ent geat, so far evolv/ed, 

could ujork peifectly in the shallouj luater body for capturing of 

Channa sp., due to the shallo'i/nsss of the ujater basin, profuse 

macrovegetation and the hiding habita of these fishes. To ouor-

come this problem, a neuj modified^ simple and economical fishing 

trap is devised 0 Catching prino-iple is based one one ujay entryv' 

of the fish into the trap attracted by bait or by any other means 

from uuhich the fish can not escape« The trap consists easentially 

of tujo parts. The first part cr outer portion is a net of ujirs-

meshing or bamboo mat and the second part or the inner portion 

is also of the same material but smaller in size. The shape of 

the trap may be somaiuhet similar to a big envelope, or conical 

or pitcher like in shape. The inner part should be fitted in 

the outer part but the length of the inner part should not exceed 

25'C of the total length of the trap^ The inner portion should be 

conical in shape and both the ends should be opened and the inner 

ond ujhich is narrooi, should not be smooth ujhich could be done by 

taking out fauj strings from the end, 

Insida the trap in the looier portion any type of bait has 

to be kept to attract the fishes. Fishes luill not find any diff­

iculty in getting through the trap due to its wide and smooth 

opening and once it enters it cannot come out due to the narrouj 

and rough opening of the inner part and gets trapped. The trap 

can be kept anyujhers in the uuater bodies by tagging it a/ith some 

object or Luith the help of a string by luhich it can easily be 

taken out uihen desired,. A single person can operate several traps 

at a time. The size of the trap can be prepared according to need, 

The total length and ujeight of the fishes to the nearest 

millimeter and gramme were recorded respectively in the field 
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prior to fixing the sainples in th'i! formalin for further biologi­

cal studies. 

BIOLOGICAL PARAMETERS ; 

The follO'i-'ing biological parameters Luere studied in 

C_. qachua (Ham,) collected from both the lotic (stream) and 

lentic (pond) systems.-. 

( a ) Morphomet r io meas'Jrements» 

(b ) r - l e r i s t i c c h a r a c t e r s » 

(c) Length"UJeight relationship, 

(d) Condition factor, 

(e) Maturity and ova diameter study. 

( f ) Fecundityr 
(g) Food and feeding habits. 

However, a l l t hese pa rame te rs c o u l d not be s t u d i e d i n C,steujar t i i 

vuhich ujas a v a i l a b l e o n l y i n the st/raam and C_, p u n c t a t u s o n l y i n 

t h e pond , due t o t h e i r o c c a s s i o n a l a v a i l a b i l i t y i n t h e s y s t e m s , 

The study is based on the examination of 510 specimens 

of Channa qachua in tht, size range of 16,0 mm to 120,00 mm from 

both the systems viz,, pond and stream, 

An interspecific compaiison in Morphometfic characters, 

Food and Feeding habits and Length-Weight relationship vuith all, 

the three species viz,, _C_. qachua, ̂ , steujartii and C,punctatus 

irrespective of their natural habitat have also been studied, 

C_, stevuartii ujere found only in the stream, vuheraas C,punctatus 

aiere available only in the pond and their size range varied 

from 36.0 to 95,0 mm and 28,0 to 56,0 mm respectively, 

The folloujing methods vuere adapted for studying the bio­

logical parameters taken in the present investigation, 
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MORPHOMETRIC MEASUREMENTS ; 

Dividers and measuring board, hRUing,graduations in mill-

imster ujere used for taking the various measuremsnts, 

Total Weight ;-» Total weights luere measured to the nearest 0.1 

gm in a double-pan physical balance and for smaller specimens, 

a chemical balance has been used. The folloaiing morphometric 

measurements ha\'e been undertaken according to methods described 

by LoLue-McCannell (l97l). 

Total^ Length : "• Total length has been measured from the tip of 

the snout to the tip of the tail to the nearest millimeter. 

51â ndarj_J-B.nqth :- It is the distance from the tip vof the snout 

to the caudal base, 

Head Length °- Distance from the tip of the snout to the end of 

the opercular bene,, 

Prê °'Por_sa 1 Lenqth^ i- Distance from the tip of the snout to the 

first dorsal fin ray. 

Ŝnp_ut_ Le_n_qth ." - From the tip of the sncut to the front margin 

of the orbit. 

Eye Diameter I- Distance from the anterior to the posterior 

margin of the eye in a straight line. 

Pp̂ st̂ -̂ Orbital̂  Ljŝ n̂̂ th, : - Distance from the posterior margin of the 

orbit to the end of the opercular bone, 

Ijrter-Orbital VJidth :- From the upper margin of the right orbit 

to the upper margin of the left orbit as measured from the dor­

sal surface. 

Length of̂ ^ ypp.s_r,._3,aip, o- From the anterior most point of the pre-

maxillary to posterior point of the maxillary. 

|ol3Co 
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Head Depth s- Perpendic-lar distanca from the end of the nape 

to the uentral side of che nean. 

Body Depth :- I'ertical distance betujaen.the dorsal and ventral 

surface of the body at ibs greatest depth. 

Least Height of 8̂ d_y_ i - Shortest height of the caudal peduncle' 

between the end of the anal fin and the origin of the caudal fin. 

Length of Caudal Peduncle °- Distance from the end of the anal 

fin to the base of the median caudal rays. 

Length of Dorsal fin '." Dist;ahC8(;LbefcuE)een the anterior and post­

erior and of dorsal fin taken along "che base of the fin, 

Height of Dorsal fin :- Height of the longest fin ray of the 

dorsal fino 

Height of Pectoral fin ;- Height • of the longest fin ray of the 

pectoral fin^ 

Height of '̂e.n_tral,_f_i.n :- Heî ght of bhe longest fin ray of the 

ventral fin. 

He_iqht of Anal. fi.n :- Distance betu;ean the anterior and poster­

ior of the anal fin taken along the base. 

Girth :- Circumference of the body at its deepest point. 

Biometric Index i" The number of times each character luent into 

the total length of the fish was taken as the Biometric Index 

(Tobor, 1974). The characters taken were standard length (SL), 

Head ( H ) , Body Depth (3D), Dorsal fin Length (D F ) , Eye Diameter 

(ED) and Intar-Orbital Width (lOW), F"or each characters, a mean 

index for each 20 mm length group has been calculated to see 

whether it is constant or varying ujit-h the increase in the total 

length. Biometric Index was calculated for all the three species 

^iz., C_, gachju_â  C_. steoiartii and C_. punctatus» 
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MERISTIC CHARACTERS 

The fclloujing meristic counts ijjsre made according to 

methods outlined by Lowe McConnell (1971 ) ;-

(a) Number of rays in the dorsal fin, 

(b) Number of.rays in the osctoral fin, 

(c) Number of rays in the ventral fin. 

(d) Number of rays in the caudal fin, 
(B) LateraiLine scales count represent the number offypored 

scales on the latbral line. The counting of the lat­
eral line s-̂ ales has been done in tujo parts in the 
present stuoy, Fir-st the counts o/ere made to the end 
of the upper lateral line, then by sliding doujnujard 
and foruiard (ujithouc counting) to the scale in front 
of the lower line and continuing the count along the 
loujer lateral line. 

(f) Lateral line transverse scales - scales above late" 
ral line have been counted from the origin of the 
dorsal fin and counted doujnujard and backoiard to (but 
not including) the lateral line scale. Scales belouj 
the lateral line have been counted upuiard and for­
ward from the origin of the anal fin. 

All the above mentioned morphometric measurements and 

meristic counts totalizing 26 parameters luere made only on the 

left side of the fish. The specimens of C_» qachua^ from each 

population '/iz,, lotic and lontic systems vuere grouped in 20 mm 

length groups. To stud;-' the morphometric characteristics, the 

regression method has been employed djitn Lhe formula S-

^ Y = a + bx 

where? Y is the variable character, such as total length, head 

length etc, 'a* is' a constant value to be determined; 'b' is the 

regression and coefficient and V is the standard length. The 

Value of 'a' and 'b' were determined by the following formula : 

b - ^XV - n X V . = Y - b' 
^X^- n 7^ ' ^ 

where; n = total number of length groups; x = mean of X and Y 

= mean of Y. • 
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All linear measuremerts Luerr, made, to the nearest 0,1 mm, 

then conv/srced to a percentage, of the standard length. Means, 

ranges and ''b'' values ujere tabulated and compared,. The morphome" 

tric character of Ĉ« ĵ smartijL_ and C, punctatus uiere also stud--

led. Their mean Values and ranges ôjsre also tabulated & compared, 

LENGTH-WEIGHT RELATIONSHIP • 

In fishes the length-weight relationship can usually or 

always be adequately represented by the equation (Le Cr8n,195l), 

W = CL" 

uuhere; W = ujeight of the fishj L = Total length of the fish; and 

"C" and "n" are constant, Jhe equation o/as transformed into a 

logarithmic form and has been expressed as ;-

Log W = log C i- n log L 

The values of "c" and "n" mere determined empirically. 

The length-Lueight relationship during the present inves" 

tigation mas studied taking into consideration the intact weight 

of the fish i.e. including the gut and gonads. The observed 

average weight of C_o qachua from both the systems luere plotted 

.against the average observed length to examine the nature of 

parabola. On converting the values to logarithms, the exponen­

tial- relationship has been expressed as the linear equation 

described above. The regression of log-'VJeight on log^Length has 

been calculated by the method of ''least squares" by grouping 

the sample data into fourteen length groups (5 mm interval) for 

the specimens collecteo from the pond and sixteen for those from 

the stream. The relationship mas calculated for the different 

seasons also, to see the seasonal impact. Tmo seasons viz. summ­

er (April to Septemtjer) and winter (October to March) could only 
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be taken into consideration as the other seasons are not distin­

ctly marked and merge into each othBr in this part of the country. 

The- relationship has also been studied separately for 

different life stages i.e. juveniles and adults. The length-

vueight relationship of juveniles is based on the specimens ran­

ging from 18.25 mm to 48,36 mm in total length for pond indiui-^ 

duals and 14.0 mm to 34,5 mm in total length for the stream in­

dividuals, The individuals ranging from 52^1 mm to 81,5 mm in 

TL and 58,0 mm to 120<,0 mm in TL from the pond and stream resp­

ectively Luere considered as adults. 

For interspecific comparisons /C7i-n J.ength-ujeight relation-

ship of C_, steijjartii from the stream and C_, punctatus from the 

pond have also been studied., 

As no apparent, difference could be noticed betiueen mature 

and immature individuals, no consideration to these excepting. 

juveniles and adults, has been made during the present study, 

CONDITION FACTOR 

Individual variations frnm general length-iueight relati­

onships have been studied under the general name ^'Condition" 

(LB Cren, 1951). Such changes in condition have usually been 

analysed by means of a condition factor or Ponderal Index luhich 

has been calculated by using different formulae by various ujor-

kers. Houjever, in the present study, same has been determined 

by using the folloujing formula (Hile, 1936). 

,5 
K = W ^ 10" 

L-

l uhers ; K = c o n d i t i o n f a c t o r and W = lue ight o f t he f i s h . The 
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number 10 is a ^actor to biinq the- Ponderal Index (K ) to near 

unity (Cariander, 1970)» Fluctuations in condition factor oiere 

examined for each 5 mtn size' group of the fishes as tuell as for 

different months to elucidate the seasonal fluctuations for 

£• Pacihua frum both the systems. 

MATURITY, SPAWNING AND 0\/A DIAI^ETER STUDY 

MATURITY ;- The study is based on the examination of 510 speci­

mens of C_. qach_ua» After recording all necessary details, speci" 

mens luere dissected and gonads ujere carefully taken out .from the 

body cavity. Their maturity stages vuere determined folloujing the 

key as outlined by Nikolsky (1963) based on the appearance and 

size of gonads 2-

I. Immature : Young indivjiduals ujhich have not yet engaged 

in reproduction^ gonads of very small size. 

II. Resting stage : Sexual products have not yet begun to 

develops gonads of very small size; eggs not distingui­

shable to the naked aye* 

III. Maturation : Eggs distinguishable, to the naked eye, a 

very rapid increase in ujeight of the gonad is in progress, 

testes charige from transparent to, a pale rose colour. 

lU. Maturity i Sexual products ripe, gonads have achieved 

their maximum lueight but the sexual products are still 

not extruded oihen light pressure is applied. 

W, Reproduction = Sexual products are extruded in response 

to very light pressure on the belly, ujoight of the gonads 

decrease rapidly from the start of spaujning to its com­

pletion, 

V/I. Spent Condition ; The sexual products have been dischar­

ged, genital aperture inflamed, gonads have the appear-

ance of deflated sacs, the ovaries usually containing a 

feui left over eggs and the testis some residual sperm. 
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SPAVJIMING :- The spaaining activ/i;ty na"? been studied according to 

the classification described- by| Hickliny and Rotenberg (l936), 

Walford (l932) and Qasim and Qayyum (l96l). According to their 

spaaining activity in fishes, / • can be classified into the foll-

Qujin'g four types s-

I. . Spawning takes place only once a year during a short 

period of definite duration. In fishes, belonging to this 

category., the niabure ovary contains mature ova distinctly 

separated from the immature stock. 

II. SpaLuning taking place once a season, but aiith a longer 

duration. In species shoujing this type of spawning, the 

range in size C'f mature ova, irrespective of the number 

of modes representing them, has been found to be nearly 

half of the total range in size of the entire intra-

ovarian eggs, 

III. Spaii'ning tujice a year, in the ovaries of fishes exhibiting 

this type of spawning, in addition to the batch in ripe 

condition, anothar batch of eggs which has undergone more 

or less the process of maturatiori, becomes apparent. 

lU. Spawning extending over a long period, but intermittently, 

In this category, the different batches of eggs in the 

ovary are not sharply differentiated from one another, 

thereby indicating that the passing of one batcfi of eggs 

into the next stage is a continuous process, 

GONADO-SOMATIC INDEX S" The gonads were weighed to the nearest 

0.1 gramme prior to fixing the same in formalin for further stu° 

dies. Weights of the gonads were taken on a chemical balance. In 

order to study the condition of gonads, Nikolsky (1963) advocated 

the use of ''Coefficient of Maturity" also known as Maturity Index 

or gonado-somatic index (Gn.S.I.) which expresses the weight of 

gonad as a percentage of total weight and has been calculated 

according to the following formula (Hodgkiss and Mann, 197B). 
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Goaado-Somatic Index (Gn.S'.I.) = ,E2il?̂ ..f̂ Ŝ'̂ ^ ̂  ]°^ • 
I Total Sody Weight (gms; 

Gonado-somatic indices lueie determined foe various length group 

and monthujise for the species G_, qachua. 

0\yA-DIAMETER STUDY S- For oua-diameter study, measurements of 

oua ujere taken from formalin preserved material. Preliminary 

examination of the ovaries revealed that ujithin (anterior, mid­

dle and posterior part of individual ovary) and among individ­

uals of the paired ovary, there ujas no significant difference 

either in relative number or" in trie mean ova diameter, conse­

quently random sub-samples ujsre taken and subjected to ova-

diameter measurement with the help of an ocular micrometer. The. 

diameters of ova along whatever axes they lay parallel to the 

graduation of the micrometer^ û ere measured to ensure random 

nature of the readings and unbiased values as suggested by Clark 

(1934), 

ABSOLUTE FECUMDITY :- Ovaries from mature (ripe) specimens col­

lected just before breeding ujere only used for fecundity stud­

ies. Both the ovaries uere removed frDm 89 preserved gravid 

females of C_. qachua of known length and ujeight. Sub-sampling 

by weight method (McGregor, 1922) has been employed and fecun­

dity has bean calculated from the counts of mature ova in two 

random sub-samples of the ovary of known weight, after drying 

off the excess moisture with the help of a blotting paper, by 

using the following formula :-

F = 
W X' (N^ + IM2) 

where: > = Fecundity; Vj = Total weight of the ovaryj W^ and W_ 
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and !\l- and N^ are the uueighto and cva counts respectively for 

each sub-sample. 

RELATIVE FECUNDITY :- Apart from absolute fecundity, relative 

fecundity has also been calculated according to the folloiuing 

formula (Hardisty, 1964). 

Relative Fecundity = 
Egg numbe r 

Body weight 

The trends of relationship betujean (a) fecundity and total 

length? (b) betiueen fecundity and body ueight; (c) betiueen fecun" 

dity and ovary tueight? and (d) betujeen total length and ovary 

uieight ujere examined and a log to log transformation in the form 

given beloo; (Bagenal, 1978) has been folloued :-

Log Y = log a + b log X 

FOOD AND FEEDING HABITS' 

Food and feeding habits of Ĉ , qachua vuere studied by 

examining a total of ^5''0 digestive tracts collected from the 

specimens ranging from 16.0 mm to 120,0 mm from both the sys­

tems, viz,5 Pond and Stream* 

The guts mere removed from the specimens after measuring 

and Lueighing each specimen to the nearest millimeter and gramme 

respectively and preserved in 5% formalin for subsequent analy­

sis, Contents of the preserved guts ujere teaŜ ed apart in order 

to render.their microscopic examination easy. The various food 

items mere identified as far as possible upto generic level, 

Several methods ror the enumeration of gut contents have 

been employed by different oiorkers, Houjever, in the present study 

the folloujing methods were employed as described by Ricker (1971). 
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NUMERICAL METHOD - The number of indiuiduals of each food types 

in each gut has been cduhtei!}'.:'-These lijere summed to enumerate the 

totals for each kind of iPbbid item in the luhole sample,, and then 

a grand total of all the i.tems uas made. The quotient of these 

gave the percentage rspresentation by number of each type of 

food item, 

FREQUENCY OF OCCURRENCE - Stcmach contents luere examined and the 

individual fooa iteos uerc sorted out and identified. The numbeir 

of guts in which each item occurred ujas recorded and expressed 

as a percentage of t'ne number of the gut examined. The percent­

age of occurrence of a particular food item has also been calcu­

lated 'jjith refBrenr:e to the sum of occurrence of all the items, 

The gut contents luere analysed for elucidating seasonal variat­

ions in the diet components.. The data ujas also analysed for var­

ious size groups in order to see, if there is any basic change 

in dietary habits of the species at various stages of its grovuth-

GASTRO-SOMATIC INDEX - The feeding intensity has been calculated 

by the folloujing • formula (Shatnagar and Karamchandani, 1970) i-

G.S.I. = Ĝ -t content •iieight x 100 
Body weight 

The feeding intensity or G,S,I, tuas correlated with the condi­

tion factor, 

RELATH/E LENGTH OF GUT - The ratio between the gut length and 

total length (R.L.G.) has also been estimated by dividing the 

gut length by total body length (Ai-Mussainy, 1949), 

The total length and gut lengths were measured to find 

out the relationship bettueen the two variables and also between 
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ujsight of the gut to t o t a l l e n g t h . In both the cases regress ion 

equat ions ujere determined to descr ibe the r e l a t i o n betujeen them. 

The gut contents of C_« s t e u j a r t i i and C^» punctatus C^er'e 

a lso .studied f o r i n t e r s p e c i f i c compar ison, 



MORPHOMETRY AND MERISTIC COUNTS 

The maasurements of morphomatric characters of C, qachua 

in percentage of standard length haue^been presented in Table 8 

and summarised, belouj. 

Pre-Dorsal Length ; 

The mean values for predorsal length ii/as found to be 

1.58 and 2,09 for pond and. stream populations respectively. • 

Average percentage of standard length vuas recorded to be 38,63 

and 36.6 for pond and stream individuals respectively, 

Head Length : 

Mean values for head length were 1.25 and 1.67 for pond 

and stream and percentage of standard length was 30,56 and 

29.29 for pond and stream population respectively. 
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Snout Lsnqth : ^ . 

Mean values were found to be 0.30 and 0.41 and percentage 

of standard length 7.33 and 7.19 for pond and stre'am population 

respectiv/ely • 

Eye Diameter i 

Mean ualues ujere obtained to be 0,24 and 0.27 and perce­

ntage of standard length being 5.86 and 4,73 for the specimens 

from the pond and stream respectively. 

Post-Orbital Length '. 

This, in percentage of standard length was found to be 

24.02 and 18.42 for pond and stream specimens respectively. 

Î ean. values ujere 0.99 (Pond) and 1.05 (Stream). 

Inter-Orbital,Length : 

Mean values tuere recorded to be 0.62 (pond individuals) 

and 0,79 (stream individuals). The percentage of standard 

length ujas 15.15 and 13.85 for the individuals from pond and 

stream respectively. 

Le_n̂ qth of u,p,p.6.iL.̂3̂â  5 

This in percentage cf standard length was 10.51 and 9,12 

for pond and stream specimens respectively, Mean values mere 

0.43 (pond) and 0.52 (stream)^ 

Head Depth : 

Mean values for head depth u/ere 0.64 and 0.88 whereas, 

in percentage of standard length, these were 15.64 and 15.43 

for pond and stream individuals respectively. 

Body Depth i 

Mean values .were found to be 0.77 and 1.1 and percentage 

of standard length 18.82 and 19.29 for pond and stream indivi­

duals, • . 
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Least height of body : 

Mean values were G,40 (pond) and 0,61 (stream). The 

values of percentage of standard length were 9,77 and 10,70 

for pond and stream fishes.. 

Length of caudal_ p̂ edy/ij;JL_s, : - , 

Meanualues mere 0«57 and-0,79 for pond and stream indi­

viduals respectively, l/alue in percentage of standard length 

did not differ in both cases, being 13,93 for pond individuals 

and 13,85 for stream individuals. 

Length of dorsal,,.fiji i 

Mean values were found to be 2,22 and 3,13 and in percen­

tage of standard length these were 54.27 and 54,19 respectively 

for pond and stream individuals, 

Hedqht of pectoral fin : 

Percentage ^standard length va lues u/ere 20,04 and 19,64 

and the mean va lues luera 0,82 and 1,12 for pond and stream 

individuals respectively, 

Height of ventral fin : 

Mean values uuere recorded to be 0,33 and 0,48 and in 

percentage of standard length 8,06 and 8,42 for pond and stream 

individuals respectively, 

Height oĴ ..,anal ,fin : 

Mean va lues ware found to be 0,43 and 0,68 and in percen­

tage of s tandard l eng th va lues luere 10,51 and 10,52 for pond 

and stream specimens. 

Base of ana l , . f i n : 

l/alue for percentage of standard length ujas higher in 

stream population i.e, 34.56 than the'pond population 33,98. 

Mean values aiere 1 »39. and 1,97 for pond and stream individuals 

respectively. 
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TABLE Q9 

A COMPARISON OP THE MERISTIC CHARACTERS OP TWO POPULATION OF 
CHANNA GACHUA.ONE FROM THE POND AND OTHER FfiOM THE STREAM. 

PARAMETERS 
P O N D 

iv/erage 

0 S T R E A M 
Range 1 Awgrage Range 

Dorsal fin rays 

Pectoral fin raya 

Anal fin rays 

Caudal fin raya 

Lateral line scales 

Lateral line tran-
svsrsa scales. 

32.1 

13.3 

17.6 

13.0 

38.5 

3i/5i 

31 - 34 

11 - 14 

17G- 19 

Constant 

37 - 40 

Constant 

31.5 

13.2 

19.0 

13.0 

38.5 

3i/5i 

31 - 34 

13-14 

16 - 22 

Constant 

36 - 40 

Constant 
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Girth : 

Girth values viiere recorded to be 65.52 in the pond indiui-

duala and 63.85 in individual from the stream luhen represented 

as a percentage ' of standard length. 

MERISTIC COUNTS : 

Tha results of the various meristic counts obtained for 

C.» Qachua ftom. both, the systems are presented in Table-9, The 

dorsal fin rays were found to range from 31-34 in the individuals 

from both the ecosystems. Average fin rays luere recorded to be 

32.1 and 31.5 for individuals from pond and stream. 

The pectoral fin rays ranged from 11-14 and average fin 

ray count u/as 13..>3 for the specimens from the pond. In the case 

of individuals from stream, the fin rays ranged from 13-14 and 

the averega count was 13.2. 

Anal fin rays ranged from 17 to 19 and 16-22 for the in­

dividuals from pond and stream respectively. Average counts tuere 

17,6 (for pond specimens) and 19,0 (for stream individuals), 

The caudal fin rays mere 13 in both the cases and con­

stant in number- The lateral line scales ranged from 37-40 and 

36-40 in both the populations. Average counts mere 38.5 in both 

the cases. The' lateral line transverse scales vuere found to be 

constant. The count being 3^/5^ for individuals both from pond 

and stream, 

INTRASPECIFIC DIFFERENCE : 

The various regression equations of the studied parame­

ters have been presented in Table 10. The regression of total 

length on standard length shoui a difference in the equations as 

folloujs :-
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Y = 1»2799 +1,1849 X (Pond Dopulation) 

Y = n.4414 -t 1.1894 X (Stream, population) 

Similarly, differences have been observed in regression 

equations of standard length Us predorcal length; head length; 

snout length! eye diameteri post-orbital length; inter-orbital 

length; body depth; head depth; length of dorsal fin; length of 

caudal peduncle; height of pectoral fin; base.of anal fin and 

girth. Only standard lyngth l/s height of dorsal fin gave a 

someujhat similar result in both the populations. The equations 

are : . • 

Y. = - 0.3789 + 0.1234 X (Pond population) 

Y = - 0.2978 + 0.1169 X (Stream population) 

The value of the height of dorsal fin expressed in percentage of 

standard length luere also found to be ^similar in the individuals 

from both the pond asfid stream (Table- 10), The observed values of 

all the morphometric measurements when plotted as scatter diagram 

aggregate in straight line. 

INTERSPECIFIC DIFFEREMCE i 

The measurements of morphometric characters in percentage 

of standard length for - Chajvia^ steujartii and C_, punctatus have-

been summarized in Tablesol3 ^ 14. 

The regression equations of the studied parameters have 

been found out and presented in Table 15, The regression equa­

tions of the various factors on the standard length aiere found 

to be different in all the species studied. 

The Values of pre-dorsal length; head length; eye diame­

ter, post-orbital length, inter-orbital length, length of upper 

jauj, head depth, body depth, length of caudal peduncle and girth 



TABLE 11 

MEAN BIOMETRIC INDICES IN VARIOUS SIZE GROUPS 
OF CHANNA GACHUA .FROM THE POND 

Length groups 

Ratios 

TL/SL 

TL/H 

TL/BD 

TL/DF 

TL/IOW 

TL/ED 

H/ED 

IOW/ED 

H/PF 

10-29mm 

1.24 

3.83 

6.43 

2.28 

7.93 

17.0 

1.44 

.2.14 

1.49 

30-49mm 

1.22 

3.93 

6.45 

2.24 

8.42 

19.6 

1.55 

2.33 

1.52 

50-69mm 

1.21 

4.10 

6.80 

2.21 

8.45 

22.32 

1.61 

2.63 

1.46 

t 

1 
t 
t 
t 

7Q-89mm 

1.20 

3.91 

6.25 

2.23 

7.59 

21.13 

1.66 

2.78 

1.57 

TABLE 12 

MEAN BIOMETRIC INDICES IN VARIOUS SIZE GROUPS OF CHANNA GACHUA' 
• FROM THE STREAM 

Length groups' 
- -Ritioi" ~ "l"-29mm! 30-49mm 1 

t t 

I It 
50-69mm f 70-8 9mm 190=1 09mrni 11 0-1 29mm 
_ . t I 

T 
TL/SL 

TL/H 

TL/BD 

TL/DF 

TL/IOW 

TL/ED 

H/ED 

IOW/ED 

H/PF 

1.21 

3.88 

5.7 

2.33 

6.46 

13.3 

1.07 

1*^6 

1.28 

1.18 

4.12 

6.75 

2.13 

8.90 

22.4 

1.56 

2.51 

1.5 

1.20 

4.14 

6.36-

2.16 

8.76 

24c2 

1.70 

2.76 

1.43 

1.19 

4.02 

6.28 

2.10 

8.89 

24.75 

1.82 

2.78 

1.50 

1.20 

4.06 

6.1 

2.17 

8.71 

26.91 

1.96 

3.08 

1 .-53 

1.18 

4.13 

6.0 

2.22 

8.57 

28.57 

1.98 

3.33 

1.52 



TABLE 13 

T'lORPHOnETRIC ANALYSIS OF CHANNA STEWARTII 

Parameteris Mean Average fo 
of Standard 

Length 

Range % of 
Standard 
Length 

Predoraal 

Head 

Snout 

Eye 

Post orbital 

Inter orbital 

Length of Upper 3au; 

Head depth 

Body depth 

Least height of body 

Length of caudal 
peduncle 

Length of D.F. 

Height of D.F, 

Height of Pectoral 

Height of \ientral 

Height of Anal 

Base of Anal 

G i r t h 

17.58 
14.53 

3.80 

2.84 

8.98 

7.191 

4.71 

7,63 

9.63 

5.46 

33.38 

27.59 

7.21 

5.39 

17.05 

13.65 

8.944 

14.48 

18.28 

10.36 

6.36 

32.15 
6.475 

11.25 

4.71 

5.87" 

22*0 

31,75 

1 2 . 0 7 

61 .05 

12.29 

21 .36 

8,94 

11.14 

41 .77 

60.292 

10.5 -

8,0 -

2.0 -

2.0 -

5.2 -

4.5 -

2.5 -

4.5' -

5.2 -

3,0 -

26.0 

21,0 

5.8 

3.6 

13.0 

10.0 

7.0 

11.0 

13.5 

8.5 

4.6 - 9.0 

1 8 . 0 -
4,0 -

6.0 -

2.0 -

3.0 -

12.0 -

19.0 -

46.0 
10.0 

16.0 

7 .0 

.8.8 

32.0 
44,0 

file:///ientral


TABLE 14 

MDRPHOMETRIC' ANALYSIS OF CHANNA PUNCTATUS 

ParameterB Mean 
Average % of Range % of 
Standard Standard 
length length 

Predorsal 

Head 

Snout 

Eye 

Post'orbital 

Interorbital 

Length of upper jauj 

Head depth 

Body depth 

Least height of body 

Length of caudal 

peduncle 

Length of dorsal fin 

Height of dorsal fin 

Height of pectoral fin 

Height of ventral fin 

Height of anal fin 

Base of anal fin 

Girth 

U . 6 1 

11 .96 

2 .855 

2 .30 

6.95 

5.43 

3,88 

6 .20 

7 .20 

3 .78 

38 .64 

31 .63 

7.55 

6.08 

18 .38 

1 4 . 3 6 

10 .26 

16.39 

19 .04 

9 .99 

8 .2 

8 . 0 

1.8 

1.6 

4 . 1 

3 .1 

2 .8 

4 . 0 

4 .8 

2 . 0 

-

- . 

-
«• 

-
« t 

«• 

mm 

«• 

<n 

1 0 . 0 

1 6 . 0 

4 . 0 

3 . 0 

10 .0 

8 .0 

5 .0 

8 .5 

10 .5 

5 .1 

5.08 

20.93 

4.41 

8.26 

3.05 

3.81 

13.34 

24.81 

13.43 

55.35 

11 .66 

.21.84 

8 .06 

10 .08 

35 .28 

65 .61 

2 .8 - 7 .0 

12, 

1 . 

5. 

1 , 

1 

7, 

14, 

.0 

.6 

.0 

.0 

.0 

.0 

.0 

-

-

«» 

O i 

-

= 

-

28. 

7. 

12. 

4. 

6. 

18. 

34. 

.0 

.0 

.0 

.8 

.0 

.0 

.0 
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when expressed in percentage of standard length mere found to be 

higher in C_, punctabus in coiTiparison to C_, stemartii (Tables* 13 

& 14). Only feuj characters v/iz. least height of body, length of 

dorsal fin, height nf dorsal fin, height and base of anal expre­

ssed in percentage of standard length ujere found to be higher 

in C_, stemartii. 

BIOMETRIC INDEX IN ^v GACHUA s 

For each character, a mean biometric index for each 20 mm 

length groups has been calculated. It is quite clear in the pre­

sent study from the Tables 11. & 12, that the grou/th of head, dor­

sal.fin and standard lengtii in relation to the total length in 

£.• ga.cnua. for the size range studied are isometric. The growth 

of body depth and inter-orbital width in relation to total length 

illustrates positive allometry whereas, that of eye-diameter 

(ED) in relation to total length (TL) shows a negative allometry 

•(Figs. 18 & 19), This has been observed for the individuals both 

from the pond and stream. 

The ratios between head and eye diameter ( H / E D ) | Head and 

pectoral fin length (H/PF) and hetweer inter-orbital width and 

eye diameter (IOU/ED) were examined to see whether or not, they 

Vary with increase in size of the fish. The results are tabulated 

in Tables 11 & 12. 

BIOMETRIC INDEX IN C_. STEWARTII AND C_. PUNCTATUS : 

For a'ach character, a mean biometric index for each 10 mm 

length groups was calculated to see whether it is constant or 

varying ujith increase in size of.̂ the total length (Tables 16&17). 

In the present study it has been observed that the growth of the 

head, dorsal fin and standard length in relation to the total 



X X X 

o 
X X X X X X X X ^ 

CD 
Z5 
1— 
cc 
1— 
CJ 
2 
Z3 
Q-

d 
2 
2 
d 
3 ; 
CJ 

Q 
2 
a : 

I—t 
1—1 
t— 

UJl 

l-l 
cnj 

ccj 
2 l 
z ( 
ccj 
XJ 
l - l l 

2 
—̂1 

CO 
Q : 
UJ 

l A 1— 
r - CJ 

cc 
L d CC 
_ l <=n 
CD X 

1 
CJ 
h-H 
cc 
1— 
UJ 
§ : 

o 
X 
CL 
CC 

a 
s: 
LU 
X 

h-
Li_ 
O 

CO 
2 
O 
1—1 

1— 
d 
ZD 

a 
U) 

2 
O 

HH 
H-( 
f -
QT 
CC 

3 
UJ 
1— 
en 

• 
u 

en 
r ) 
(— 
1— 
f -J 
2 ! 
Z3 
Q-

• CJ! 

• Q 
UJ 

en 
>-_ j 
a -
2 
d 

en 
DC 
UJ 
f -
Ul 
§ : 
cc 

t-t cr 
en 
en 
UJ 

cc 
ca 
UJ 

cr , 

OC 
Q . 

1 ̂  <d̂  
1 !>• 

r^ 
1 (^ 

CT\ 
1 V -

f •^~ 

1 + 
1 LTl 

^ 
1 Os 

o 
J • 

o 

II 

•̂ _ 

X 

O N 

1. CVJ 
, t>-
1 ON 

O 
! CVJ 

» '̂— 

1 + 
1 rA 

\— 
1 CM 

1 ^ 

1 r-
T— 

-st-

1 II 

1 >-

1 -C 
. +3 
J Ql 

C 
! CD 

r H 

, T3 
\ l-l 

ca 
> u 

c 
1 ra 
j -p 

en 
! CO 

::3 

x: 
1 -»-> 

en 
i c CD 
1 rH 

1 >H 
CD 

1 -t-" 
, o 
J 1 -

T— 

O N 

r^ 
t A 

_̂ 
—̂ 
—̂ 
t^ 

o 

+ 
\n 
f A 
MJ 
i > 
O N 

r -

—̂ 

II 

>-

X 

CM 
CD 
>d-

—̂ 
ON 
t ^ 

o 

+ 
fA 
r— 

^ 
O 
O N 

T— 

o 

II 
>-

sz 
4-> 
O l 

c 
cu 

i H 

r-i 

ca 
CO 
h 
o 

-cr ffi 
f-i 

Q . 

CO 

> 
JC 
4 J 

cn 
c 
CD 

r-i 

X I 
t-1 
CO 

T ) 

c 
to 

- p 

cn 

C Ĵ 
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TABLE 16 

MEAN BIOMETRIC INDICES IN DIFFERENT LENGTH GROUPS OF CHÂ NNA' 
STEWARTII 

Lenqth qrouDS 
Ratios 

TL/SL 

TL/H 

TL/BD 

TL/DF 

TL/IOW 

TL/ED 

H/ED 

lOW/ED 

H/PF 

36-45mm 

1.24 

4.50 

6.92 
2.00 

8.00 

18,00 

4,00 

2,25 

1.33 

46-55mm 

1.23 

4.36 

6.40 

2.08 

8.80 

19.59 

4.48 

2.22 

1.29 

56-65mm 

1.21 

4.41 

7.12 

1.97 

8.76 

25.90 

5.86 

2.95 

1.29 

66-75mm 

1.22 

4.25 

6nOD 

2.00 

8.80 

22.00 

5.16 

2.50 

1.29 

76-85mm 

1.18 

4.41 

6.58 

1.88 

9.02 

21.84 

4.94 

2.42 

1.25 

B6-95mm 

1.23 

4.52 

7.03 

2.06 

9.50 

2̂,6*38 

5.83 

2.77 

1.31 

TABLE 17 

MEAN BIOMETRIC INDICES IN DIFFERENT' LENGTH GROUPS OF CHANNA 

Length groups 
Ratios 

, TL/SL 

TL/H 

TL/BD 

TL/DF 

TL/IOW 

TL/ED 

H/ED 

IOW/ED 

H/PF 

. 28-37 mm 

1.33 

3.50 

5.83 

2,33 

9.03 

17t>50 

5.00 

1.93 

1.60 

PUNCTATUS 

38-47 mm 

1.22 

4.05 

7.04 

2.33 

8.86 

21.50 

5.30 

2.42 

1.53 

48-57 mm 

1.19 

4,00 

6.70 

2.16 

9.13 

20.38 

5.09 

2.23 

1.44 

58-67 mm 

1.21 

3.87 

6,20 

2.21 

7.75 

20.66 . 

5.33 

2.66 

1.33 
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length in C_, s,b_̂ êujartii_ and £, punctatus are isometric or in other 

luords it exhibits a constant index (Figs. 20 & 21 ). The growth 

of the body depth in both C_» steaiartii and C. punctatus and in­

ter-orbital midth in C_. £JJiic_ta_t'..uj, in relation to total length, . 

illustrates positiv/e allometry ujhereas, eye diameter in relation 

to total length both for C_, st.eiuartiî  and C_. punctatus shoujs a 

negative allomatrye Intar^orbital luidth in relation to total 

length for C^, s,t_ejju_art̂lî  unlike others also shoujs negative allo° 

metry. The ratios ujere examined betiueen head and eye diameter, 

head and pectoral fin and inter-orbital ujidth and eye diameter 

to see ujhether they vary • .. with increase in size of the species 

studied. or not ? 

LENGTH - WtlGHT RELATIONSHIP 

LENGTH=^WEIGHT RELATIONSHIP IN G_. GACHUA i 

The entire length weight data of 'Cj-i_a_rmâ  qachua was pooled 

into a single equation which was calculated to be : 

Log Y = -5,2609 -i- 3,1821 log TL (limnophilic specimens) 
r = 0,9963 

Log Y = -5.7104 + 3.3942 log TL (Rheophilic specimens) 
r = 0.9692 

where? Y = Total weight and X = Total length. A. high correlation 

between length and weight has been indicated by the correlation 

coefficient. This high value is an index of the reliabilities of 

the observations. The derived parabolic equation for limnophi­

lic specimens is as follows :-

W = 0.000005483 L̂ «''S21 

and for rheophilic individuals 

W = 0 ,000001945 l̂  3.3942 
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Since the "b" values are 3.1821.and 3.3942 in the specimens from 

the pond and stream respectively, indicates that it follouis clo­

sely the cubic lauj for isometric groiuth. 

On' plotting the ooserved average ujeight of the species 

(£.• Qachua) collected from both the systems, against the average 

observed length, a parabolic curve has been obtained (figs. 22 & 

23). A logarithmic grcaith prepared with the above data shou/ed a 

straight lino relationship (rigs. 22 & 23). 

LENGTH-WEIGHT RELATIOMSHIP IN e_. GACHU-A DURING DIFFERENT SEASONS: 

The length'-Lueight relationship was calculated during the 

different seasons to see the seasonal impact on the relationship. 

Summer and uiinter are the seasons taken into consideration as the 

other season are not distinctly marked and merge into these in 

this part of the country. The various.regression equations have 

been tabulated in Table-18. It is evident from the results that 

the values of regression coefficient tend to be high during the 

summer season in the species from both the systems i.e. pond and 

stream. 

LENGTH-U'EIGHT RELATIONSHIP IN JIJUENILES QF C_. GACHUA : 

The length-iueight relationship in juveniles is based on 

fishes ranging from 18,25 mm to 48,36 mm (Pond individuals) and 

14.0 mm to 54,5 mm (stream individuals) in total length. The re­

gression equation for juveniles were estimated to be ; 

Log W = -4.8503 + 2.8743 log TL (Pond individuals) 
r = 0,9982 

Log W = -5,6768 + 3.3667 log TL (stream individuals) 
r = 0,9028 

The parabolic equation were determined to be : 



ro 
c 
o 

• H 
- P 
to 
3 
cr 

IJ. ' 

Sr 
"~?' 

C i 
•iH 
t - l 
O 

X ) 
to 
P 
CO 

a. 

:: 
u 
^ 

£ 
X ) 
£ 

.CD 
|vO 
.C\J 

1"=̂  
lo 

• 
Jr<̂  

J 

. a 
1 -d-

o 
1 T— 

. o 
1 a , o 
1 CD 

• 
1 o 
1 Ji 
1 3 

} >^ 
o 

5 ch 
• 1 a 

1 c: 

1 ?^ 
, -sT 

1 o 

03 
CM 
O 
! N 
i n 
•«d-

CD 

• 
<N 

_ J 

•s^ 
00 
o 
CM 

o 
a 
o 
o 
% o 
11 

2 

l A 
CN 
CK 

• O 

c^ 
l A 

^ 
CD 

K% 
T— 

C^ 
l A . 

• 
CM 

_ J 

X— 

CM 
CD 
l A 
O 

a 
o 
• 
• 

o 
II 

3 

CD 
ON 
CD 

• 

a 

rA 
T— 

t> 
l A 

vo 
•<t 

vo 
CM 

• CM 
- J 

«— 
^ tA 
CM 
O 
O 
O 

• 
o 
II 

3 

o 
' r -
co 

• 
o 

vo 
si-
MD 
CM 

fA 
O 
r— 
rA 
• ^ 

[ ^ 

CO 

• 
CM 

_ l 

CJ\ 
o 
•vT 

*— 
a 
o 
o 
C3 

• 
a 
II 

3 

S t 
CM 
CD 
o\ 
C3N 

• 
O 

rA 
•<d-
r-
CD 

r-
VO 
vo 
^A 

• rA 
_ l 

-cr 
o 
r— 
CM 
O 
O 
O 
O 
O 

• 
o 
II 

3 

CJv 
CM 
CO 
CM 

s 
d 
r-
VO 
vo 
rA 

vo 
l A 
<d-
vo 
• 

rA 

tA 

r-
•̂  
CM 
rA 
• 

_ J fA 

rA 
—̂ 
<r 
c^ 
a 
o 
o 
o 
o 
o 

• 
o 
II 

3 

LA 
•«t 
(J\ 
ON 

• 
a 

vo 
l A 

^ 
VO 

_ J 

rA 
c^ 
vo 
<N 

o 
a 
o 
o 
o 
• 

o 
II 

3 

00 
c^ 
CN 
CJ\ 

• 
a 

c-
s t 
CM 
rA 

I 
CO 
>« • 
to E 
Q (D 
O +3 

0} 
c 
o 
1 0 
CD 

Ul 

r A C M C M C M C M C M r A r A 

c 
o 

• H 
to 
to 
tD 
(-1 
(31 
03 

CE 

II —1 
t— 

CJ1 

1 O 
<-{ 

. 00 
F vo 

CM 

1 -^ 
O 

1 « 
rA 

+ 
l A 

1 St 
CO 

I I> 
CM 

F 00 
CN 

F • 
^ 

1 I 

1 -

O l 

o 
r H 

CO 
CM 

a 
c^ 
l A 
<t 
CO 

• CM 

+ 
T -

o 
vo 
l A 
O 
CD 
vo 
« sr 
t 

1 -

CJI 
Q 

r H 

CM 
rA 
T— 

C ^ 
l A 

• CM 

+ 
vo 
S t 
rA 
CM 

• S t 
1 

_J 
f— 

en 
o 

1 - ) 

CO 
vo 
•vt 

vo 
CM 

• 
c^ 

+. 
VO 
CO 
S t 

c^ 
l A 

• r<^. 
I 

_ J 

cn 
a 

f - i 

tA 
O 
T— 

rA 
S t 
c^ 
CO 

• CM 

+ 
r-
i > 
CO 
rA 
a 
l A 
CO 

• 
S t 

1 

_ 1 
1— 

CJl 

o 
r H 

C^ 
CD 
O 
rv 
vo 
vo 
rA 
• rA 

+ 
"i— 
<t 
c^ 
CD 
VO 
f -
vo 
• l A 
l 

en 
o 

. H 

CA 

!>-
sT 
VO 
l A 
St-
VO 

• 
rA 

+ 
r— 
VO 
l A 
S t 
r-
Ov 
CM 
T ^ 

• 
VO 

9 

_ J 
( -

cn 
o 

i H 

l A 
* » • 
Li> 
[ > 
S t 
CM 
rA 
• rA 

+ 
l> 
l A 
CM 
rA 
CM 
[ > • 
LA 

• LA 
11 

11 II II II II II II II 

c n c r c n c j i c n c n c n t j i 
o o o o o o o o 

- J _ ! _ 1 _ ) _ J _ 1 _ ) _ J 

c 
o 

ex 

to 
<D 

-U 
- P 

xn 

X) 
c 
o 

O-

e 
to 
CD 
u 

- p 
t o 

c 
Q 
a. 

E 
CO 
03 

- p 
C O 

T3 
C 
o 

ex 

E 
to 
03 
P 

-P 
03 

•H H 
P 03 
CLXl 
=t E 

•^^ 03 
- P 

p a. 
03 © 
E en 
E 
3 O 
cn +> 

I - - ^ 
o x: 
-p o 
o p 
o to 

p o 
03 -P 

-p 
c m 

•H 03 

3 X 1 

CO 

w 
rH 
••-1 

C 
03 
> 

n 

to 
- p 
rH 
r3 
x> 
a: 

CIS c j : ;' 

go 
1—1 
cn 
cn 

at 

X 
C3 

I . 

CJ 

U l 

Q 

<" c • 1 
o 

•H 1 
- P 

to 1 
D 

cr 1 
03 

o = . 
• H 2 F 
. H = . 
O 1 

XI 
CO 1 
f^ 
to 1 

CL 

S 1 
P 

£ 1 

l A 
V -
CM 
00 
T— 

• rA 
_ J 

rA 
00 
sr 
LA 

o 
CD 
O 
O 

a 
• 

en 
II 

3 

rA 
vo 
Ov 

c^ 
• 

o 

CM 
S t 
Ov 
rA 
• rA 
_J 

l A 

sr 
ON 
t— 

a 
a 
o 
o 
o 
• CD 

II 
3 

tA 
CO 

as 
CM 
ON 
VO 
Ov 

l A 
C^ 

\— 
o 
c^ 
OS 

• CsJ 
_ J 

CM 
t> 
<r-
—̂ 

O 
O 
o 
o 
• 

o 
II 

3 

l A 
C -
Os 
OS 

• 
o 

Ov 
C^ 
l > 
t— 
tA 
S t 

• CM 
_ I 

rA 
rA 
a 
—̂ 
o 
a 
CD 

• 
o 
II 

3 

OS 
CM 
VO 
OS 

• O 

c 
o 

•rH 
to 
to 
03 

. P 
O l 
m 
cc 

i 
03 
>^ W 
CO E 
O 0) 
O -P 

u 

to 
03 

•H 
O 
03 
Q. 

to 

^ CN 
CM sT 
00 OS 

O 

rA OS 
lA 
St 

rA rA CM CM 

I - h-

cn 
a 

r H 

rA 
CO 
l A 

«— CM 
CO 
T— 

cn 
o 

r H 

CM 
CO 
t A 
CM 
S t 
Os 
rA 

cn 
o 

r H 

t A 
OS 

—̂ O 
C^ 
OS 

cn 
o 

r H 

OS 

c>-
r-
T— 
LA 
S t 

rA rA CM CM 

T - vo 
rA OS 
LA OS 
OS St 
o o 
vo «-
CM I>-

• • 
lA tA 
I I 

VO 
vo 
CO 
o 

OS 
CM 
tA 

sr 
LA rA CD 

OS Os 

sr 
I 

rA 
I 

II II II II 

cn CJl cn CJl 
o o o o 

T3 
c 
o 

E 
CO 
03 
P 

- P 
Q. t o 

TD 
C 
o 

D-

E 
to 
03 
P 

-P 

cn 

toj 
i : 
x: 
o 
CO 
o 

(01 

a | 
x: i 
o] 
tol 
a 

to 
zs 
-p 
(0 

• p 
C3 
C 
3 
Q 

• H 
• H 
-P 
P 
to 
3 
03 

-P 
to 

Uj CJj t j | OJ 



129 

VJ = 0.00001409 \. '•̂ '3?-4̂  for lirrinophilic specimens and 

VI = 0.000002104 L ^•*^^^'^' for rheophilic ones. 

The exponential index (b) for the specimens collected from pond 

ujas less than "three" (2oB743) which reveals that the u/eight of 

the species during the juvenile stage is lighter in relation to 

its length unlike the specimens from the stream. 

LEIMGTH-ICIGHT RELATIOWSHIPS IN ADULTS OF C_. GACHUA ..; 

The length-ujeicht relationships in adults is based on the 

specimens ranging from 52.1 .mm to 81.5 mm and 58,0 mm to 120.0 

mm from the pond and stream respectively. The regression and the 

parabolic aquations are : 

• Log W = -6.1297 + 3.6456 log TL (Pond population) 

r = 0,9945 
3.6456 

and 

uj = 0.0000007413 L̂  

LogW = -5.5723 + 3.3247 log TL (Stream population) 

r = 0.9978 

LU = . 0,000002673 L 3.3247 

A high correlation beciueen total length and body a/eight is indi­

cated by the correlaticn coefficient. The "b" values were found • 

to be slightly higher than three (Table 18) aihich shows that the 

individuals are heavier in relation to its length, 

LENGTH-WEIGHT RELATIONSHIP IN C_. STEW ART 11. AND 0. PUNCTATUS ; 

For interspecific comparisons in the length-ujeight rela­

tionship in Channids, C_. punctatus collected from the^ pond and 

S.* steujartii from the stream have been taken into consideration. 

The regression yquatians, correlation coefficient and 

exponential indices have been tabulated in Table 19, The,results 

obtained during the present study indicates that the exponential 

Values (b) in C_, pjjncj:_atu_3 and C_, steiiiartii are less than "3". 

which indicates that their growth i'a?s allometric unlike C. qachua. 
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LENGTH FREQUENCY DISTRIBUTIQM OF C., GACHUA 

To find out the length frequency distribution, a graph 

(Fig.17) has been prepared by converting the frequencies into 

percentages and plotting the same against the respectiue length 

groups. The frequency polygon for the entire period of study as 

shoujn in Fig,17. uuhich indicates the presence of tujo distinct 

modes, the first at 21-25 ram length group in both the population 

and the second at 46-50 mm in the pond population and 91-95 mm 

length group in the stream population. 

^ CONDITION FACTOR 

MONTHLY FLUCTUATIONS OF CONDITION FACTOR IN C_. GACHUA : 

Monthujise averages of ponderal index of entire one year 

has been calculated to elucidat3 the seasonal fluctuations and 

is tabulated in Table 20. The "K" values shoujed a steady rise 

from the month of October to attain a peak during July in the 

limnophilic specimens (Fig. 2AB). In the case of specimens from 

the stream there uuas a rise from December oniuards attaining a 

peak in April (Fig, 24&), From August, the values dropped douun 

to a minimum In both the pond and stream (Table020). It has 

also been observed that the species (C_. qachua) from b,oth the 

systems attain a small peak during the year i.e. from April to 

Ouly, ujhereafter the "K" values crop abruptly, 

SEASONAL FLUCTUATIONS OF CONDITION FACTOR IN DIFFERENT LENGTH 
GROUPS : 

In the present study, the condition values at different 

lengths showed that condition of the smallest size group is 

mdch higher (Fig, 2 4 A ) , which indicates that juveniles have 

better condition factor. 



TABLE 2D 

MONTHLY FLUCTUATIONS IN THE CONDITION FACTOR OF 
CHANNA GACHUA 

. MONTHS POND STREAM 

SEPTEMBER 
OCTOBER 
NOUEMBER 

DECEMBER 
OANUARY 
FEBRUARY 
MARCH 
APRIL 
MAY 
3UNE 
OULY 
AUGUST 

TABLE 21 

FLUCTUATIONS IN THE CONDITION FACTOR IN DIFFERENT 
LENGTH GROUPS OF CHANNA GACHUA 

0,977 
0 .710 
0 .925 
0 .989 
0 .980 
0 .972 
0.941 
1.015 
1.009 
1.015 
1.161 
0 .862 

1.016 
0 .950 
0 .918 
0 .900 
0 .937 
0 .987 
1.000 
1.206 
1.060 
1.019 
1.182 
0 .904 

LENGTH-GROUPS mm 
— — — 
16 .0 

2 1 . 0 

26 .0 

3 1 . 0 

3 6 , 0 

4 1 . 0 

4 6 . 0 

51 .0 

56 .0 

61 .0 

66 .0 

7 1 . 0 

7 6 . 0 

8 1 . 0 

8 6 . 0 

91 .0 

126.0 

— ——.-=-=• — — 
- • 20 .0 

- 25 .0 

- 30,0 

- .35.0 

- 40 .0 

" 45 .0 

- $0 .0 

- 55.0 

" 60 .0 

- 65 .0 

- 70 .0 

- 75 .0 

- 80 .0 

- 85 ,0 

- ?0 .0 

- 95.0 

- 110.0 

POND 
— - » _ „ „ - _ 

1.041 

0 .992 

0 .824 

0.894 

0.886 

0.938 

0.917 

0.988 

0.955 

1.030 

1.102 

1 .259 

1.321 

1.164. 

-

-

»m 

STREAM 
— _ - « « _ - » _ . 

0 .771 

0.893 

0,819 

1 .019 • 

0 .941 

1.014 

0.876 

1.010 

1 .060 

1.029 

1.002 

1.051 

0.993 

1.212 

1.200 

1.100 

1.273 

- . -» 



133 

With the increase in length, the condition of the species 

falls steadily upto a length of 26-30 mm both in the case of 

stream and pond population. In the next size group (i.e. 31-35 

mm) there is a sudden rise in the condition factor, reaching a 

peak at 76-80 mm length group in the case of individuals from 

pond and 81-85 mm length group for stream specimens (Fig, 24.A). 

The "K" v/alues after reaching its peak in 31-35 mm length 

groups (Table- 21 ), the groaith seems to be someujhat cyclic in 

nature. Each peak is folloujed by a decline in the condition fac­

tor and gradual recovery. 

MATURITY AND SPAWNING IN _C. GACHUA 

MATURITY STAGES : • '' 

The various maturity stages observed are summarized in 

Table-22, folloujing the classification of Nikolsky (1963). 

CYCLE OP MATURATION :; 

Ovary condition progressed from immature Stage I from 

February to maturity- (Stage 1\J) in Oune and reproduction (Stage 

\1) in July-August. The Stags \Jl (spent) ujere recorded in the 

individuals which appeared during August-September and luere found 

to be present till October-November. This indicates that spau;-

ning occurs in Ouly and August. The ovaries in the specimens 

collected from August onujards urare shrunken, small and degenera­

ted vuith dark coloured ova, reflecting the post-spaujning season. 

OUA-DIAMETER- STUDY : 

The various stages in the ovarian development of mature 

C_, qachua are given 19) TableG22. The ova-diameter study revealed 

six stages of maturity. These stages mere in agreement ujith 
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those delineated nnacrosccpically fc.l.loiuing the classification of 

Nikolsky (1963). Th e ov/aries of the species frombpth the popu" 

lation u/ere found to contain only one batch of maturing ova clea-

rly demarcated from the immature stock. The size of the mature 

ova in Stage l\J fanged from 0.64 to 0.74 mm. No ova of interme­

diate size betujeen small, and big Co''-̂' mature ova could be 

observed. The spent ovary contained degenerating ova in different 

stages of maturity, 

GGNADO-SDMATIC INDEX : 

The condition of gonads is inJicative of the breeding 

season of fish (Sinha, 1975). Seasonal changes in the coefficient 

of maturity of female has been presented in Fig, 25. The same 

could not be calculated in the case of males because of their 

irregular availability during che luhole year. 

Gonado-somatic index increased progressively from February 

onujards (Fig, 25) reaching its maximum (l,54) in 3uly for the 

specimens from the stream. In the pond population, Gn.S. I.shoujed 

appreciably high value during September, whereafter the values 

shoujed a decreasing trend in October, November and December (Fig, 

25), In August, the Gn.S,I, values dropped doiun to 0.27 and 0.18 

in stream and pond population respectively. High values of Gn'.SJ. 

have been recorded during Nay to Oune Luhich indicates that the 

spawning season ranges from Nay to July (TablBjA22). 

Plotting the Gn.S.I, values against different length 

groups (Fig, 26) indicates that there is a definite tendency for 

the Gn.S,I, to increase with the increase in total length from 

41°45 mm (Pond) and 51-55 mm (Stream) onwards till it reaches 

the maximum in 71-75 mm and 91-95 mm length groups in the 



TABLE 22 

STAGES IN THE OVARIAN DEVELOPMENT, RANGE OF OVA-DIAMETER AND 
MEAN GONADO-SQMATIC INDEX ( G n . S . I . ) IN CHANNA GACHIJA. 

DEGREE OF MONTHS OF RANGE OF MEAN • 
DiHbt.5 MATURATION HHHLHttHULL AVAILABI - O V A D I A - G n . S . I . 

LITY METER (mm) OF POND 
& STREAM 

I Immaturg Ova t ranaparsn t February 0,184 to 0,80 
and yolkless to March 0.272 

II Resting Translucent, March to 0.280 to 1,50 
April 0.520 

III Maturation Translucent and May 0.560 to 1,45 
yolkless. 0.629 

IV Maturity. Oua large and June 0.640 to 1,61 
fully yolked 0*720 

V Reproduc- Oua large and July to 0.744 to 1.54 
tion free from each August 0772 

0{ther, 

VI Spent Shrunkens,small September 0.200 to 1.30 
and degenerated to Octo- 0,280 
dark coloured ber 
ova, together 
ujith transparent 
ovary, 
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specimens collected from pond and stream respectiuely and then 

drops to lower levels. 

SPAWNING SEASON : 

As mentioned earlier, spamning activity in fishes can be 

classified into four types. Observations based on the data on 

maturity studies of £, qachua indicate that the fish belong to 

the Type-I of the categories stated (as indicated in Materials 

and MBthcds)r 

The cycle of maturation already described earlier pro­

vides a good indication of the extent of the development of 

ovaries aiith respect to the time of the year..Ovary condition 

progressed from immature stage I from February to maturity 

(stage lU) in Dune and reproduction (Stage \l) in Ouly-August, 

indicating that spaiuning occurs during Dune to August, 

SIZE AT FIRST MATURITY : 

No immature specimens of C. qachua a/ere encountered dur­

ing the breeding season. It has been observed that all the spe­

cimens beloLU 36,0 and 41 ,0 mm from ths pond and the stream res­

pectively, ujere found to be immature. It is clear from Fig. 27 

that 50% of the specimens, mature at length group of 51,0-55,0 

mm in both the pond and stream population and practically all 

were mature at 61.0-65.0 mm and 66,0-70,0 mm size group onu/ards 

in the pond and stream population respectively, 

FECUNDITY 

In G_, qachua individual fecundities varied considerably 

from individual^to individual and ranged from 243 eggs in the 

specimens measuring 77,0 mm in total length and weighing 4,395 
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gms in total weight to 1523 eggs in those measuring 87o0 mm in 

total length and 8.624 gms in total weight for individuals from 

the stream (TableD23). In the individuals from the pond, the 

fecundity varied from,160 eggs in the specimen measuring 60,0 

mm in length and lueighing 2e184 gms to 1170 in the specimens 

measuring 96,0 mm in length and 10,15 gms in ujeight (Table 24). 

The relationshiip betiueen fecundity and total length, 

fecundity and total weight, fecundity and ovary weight and total 

length and ovary weight have been calculated and presented in 

Fig, 28A to F. 

(I) Fecundity versus total length : On pJotting the fecundity 

values against the total length (Fig, 28E i F ) , a curvilinear 

relationship has be-en observecj-which indicates that the number 
Co' 

of eggs increased with the increase in length. When expressed 

logarithmically, it g&ve a straight line relationship which in­

dicates that the number of eggs in the ovaries increase in por-

portion to the length of the fish. The equations derived are : 

Log F = -2,0600 + 2,5490 log TL (r = 0,8657) for pond 
population; and 

Log F = -5.2465 + 4.1751 log TL (r = 0.7427) for stream 
population, 

The correlation coefficient were found to be quite high in both 

the cases thereby indicating a high degree of positive correla­

tion (P < 0,01 ) between the two parameters. The relationship r̂.Z":̂  

between fecundity and length from both the pond and stream pop­

ulation has been illustrated in Fig, 28E & F, 

(II) Fecundity versus Body weight : The relationship between 

fecundity and body weight was found to be curvilinear for both 

the populations (Fig. 28A & B ) , On plotting the log values for 
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body lueight and fecundity, ^ straight line relationship has been 

observed and the derived regression equations are J-

Log F = 2.1628 + 0.8706 log W (r = 0.880) for the Pond 
population^ and 

Log F = 1.7740 + 1.2320 log W (r = 0.781) for the Stream 
population. 

The correlation coefficient values oiere found to be significan­

tly high (P < 0,01 ), thereby indicating a high correlation. 

(ill) Fecundity versus Ovary uieight : Regression analysis indi­

cated significant relationship between fecundity and ovary 

weight. The equations describing the relationship are :-

Log F = 3.2718 + 0.5084 log OW (r = 0.9361) for the Pond 
population; and 

Log F =3,4211 + 0.6924 log OW (r = 0.8628) for the Stream 
population 

High 'r' values in both the cases indicate high correlation 

(P < 0,01), Fecundity, plotted against ovary weight revealed a 

linear trend (Fig. 28C & D)," 

(11/) Total length versus Ovary weight : The mean values of total 

length and thair respective gonad weight were arranged to estab­

lish the relationship between these parameters. Like other para-

meterSj, logarithmic representation gave a straight • line (Fig. 

29A & B ) and showed an-increasing trend in gonad weight with the 

increase in the body length. The regression equations are i-

Log Y .= -6.0186 + 2.7389 log X (r =0.9218) for the Pond 
population; and 

Log Y = -8.8250 + 3.9540 log X (r = 0.7760) for the Stream 
population. 

High correlation of coefficient in both the cases has been com­

puted which shows a high correlation (P < 0,01 ) between these 

parameters, 



TABLEC) 23 
FECUNDITY IH THE STREAH POPULATION OF CHANNA GACHUA-

TOTAL LENGTH 
(mm) 

67 ,0 

7 0 . 0 

7 7 . 0 

7 8 . 0 

8 2 . 0 

8 4 . 0 

8 7 . 0 

9 2 . 0 

96 .0 

BODY 
WEIGHT 

(gm) 

3 .10 

3 .45 

4 .39 

4 .94 

6 .54 

7 .12 

8 .62 

9 .61 

9.11 

OUARY 
WEIGHT 
(gm) 

0 .050 

0.043 

0.025 

0 .075 

0,108 

0 .150 

0.247 

0.250 

0.207 

FECUNDITY 

318 

251 

243 . 

547 

333 

862 

1523 

583 

1125 

RELATIVE 
FECUNDITY 

102 ,5 

7 2 . 7 

55 .2 

110 .7 

50 .8 

120 .9 

176.6 

60 .6 

123 .4 

TABLE 24 

FECUNDITY IN THE POND POPULATION OF CHANNA GACHUA 

TOTAL LENGTH 
(mm) 

4 8 . 0 

53 .0 

5 4 . 0 

58 .0 

6 0 . 0 

6 1 . 0 

62". 0 

72 .0 

8 2 . 0 

96 .0 

BODY 
WEIGHT 

(gm) 

1.13 

1.38 

1.78 

1.86 

2.18 

2.65 

2 .45 

4 .70 

6.42 

10 .15 

Ol/ARY 
WEIGHT 
(gm) 

0 .010 

0.013 

0.017 

0.015 

0 .012 

0 .040 

0.028 

0.150 

0.200 

0.300 

FECUNDITY 

275 

229 

252 

175 

160 

276 

343 

513 

1040 

1170 

RELATIl/E 
FECUNDITY 

243.3 

165 .7 

141 .0 

93 .9 

7 3 . 2 

104 .1 

140 .0 

109 .1 

221 .2 

115 .2 
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RELATiUE FECUNDITY : 

Data on ralative fecundity has been presented in Tables 

23 & 24» Relative fecundity ujas found to be higher in the pond 

population (140,67) whereas, in the streafp population, it showed 

relatiuely less value (97.044). 

FOOD AND FEEDING HABITS 

COMPOSITIONOF GUT CUNTtNTS : 

Different percentage composition of each food items in in­

dividuals both from the pond and stream have been summarized in 

Table-25. Food elements found in the digestive tracts of all 

the specimens examined have been, arranged in four broad groups, 

i.e. (l) Detritus (ll) Vegetable matter (lH) Phytoplankton and 

(lU) Zooplankton (Fig. 30A &• B ) . 

(I) Detritus : It is seen that this group formed 61,8 and 57.3 

percent of the diet in the gut for pond and stream individuals 

respectively and these ranked as the most preferred food item 

(Fig. 30A & B ) . 

(II) Vegetable matter ; This group figures next in order of pre­

ference, forming a total of 2.S.,3% in the gut of the pond indi­

viduals and 25.8/S in the stream ones. 

(III) Phytoplankton : It was represented by Chlorophyceae and 

Bacillariophyceae members. 

(a) Chlorophyceae : This group of algae was represented by 

Scenedesmusi Spirogyra; Zyonema; Mouqoetia; Phacus; Gymnogyga? 
• • • • • • • \ 

Pediastrum; l̂ icrospors; Ulcthrix; Botryococcus-; Hyalotheca; 

Netrlum; Pinnullaria; Closterium; Cosmerium; Euastrum; Pleuro-

taenium; Penium and Desmidium. Of these, Spiroqyra was found to 

be the most abundant, next being Ulothrix in the fishes from 
the streams, f? ) 

\5 
4^:'~r\ whereas in the pond population, 
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it ujas MouQoetia* Chlorophyoeae made up to 2.94^ and 8,95/S for 

pond and stream individuals ^GSPtacti\/ely^ 

(b) Bacillariophyceae : The diatom present in the guts u/ere 

represented by the folloujing genera :- Synedra; Mavicula« 

Diatomat Nitzschia: Fraqillaria; Amphorae Cyclotella; Caloneis 

and Tabellaria in varying percentages and formed only 3.22^ and 

6.44^ in the individuals from the pond and stream respectively. 

IMavicula uuas found to be the most abundant in both the cases. 

(IV) Zooplankton : In the gut of the species, zooplankton comp­

rised of Cladocera, Copepoda and Rorifera. Their percentage com­

position in the gut contents were found to be 5,55^ (pond indi­

viduals) and 1 ,4?S (stream individuals). Copepoda being the most 

abundant, follouied by Rotifera anci Cladocerg, 

Copepoda comprised of Cyclops and their nauplii Rotifera oras 

was represented by Brachiounus afd Chromogaster. Among Cladocera 

Chydorus. Bosmina, Daphnia. Eurycercus and Alonella u/ere found 

in l̂ he guts* 

.Apart from these. Crustacean eggs oiere also present in the 

gut contents. The rest of the gut contents ujhich comprised of 

0.27 in the. pond specimens and 0.031% ir the stream specimens 

could notobo identified as they luere partially digested, hence, 

kept in a separate group "unidentified materials". 

RELATIl/E IMPORTANCE OF FOOD ITEMS : 

The relative importance of the major food items for the 

whole year has been shown in Fig. 30, It is evident that the 

largest component of the diet was detritus which accounted for 

61.8 and .57.3% (for pond and stream individuals respectively). 

Next in order of. preference was vegetable matter making up 26.3 

and 25.8% for pond and stream individuals respectively. Monthly 



TABLE 25 

GUT PERCENTAGE OCCURRENCE 
OF CHANNA GACHUA FROM 

D e t r i t u s 
• V e g e t a b l e m a t t e r 

CHLOROPHYCEAE 

Scenedesmus 
S p i t o g y r a 
M o u g o e t i a 
Zygnema 
Phacus 
Gymnogyga 
P e d i a s t r u m 
M i c r o s p o r a 
U l o t h s i x 
B o l y o c o c c u s 
H y a l o t h e c a 
N e t r i u m 
P i n u l l a r i a 
BICILLARIOPHYCEAE 
D o c i d i u m 
S y n e d r a 
N a u i c u l a 
D i a t o m a • 
N i t z s c h i a 
F r a g i l l a r i a 
Amphora 
C y c l o t e l l a 
C a l o n e i s 
T a b e l l a r i a 
DESMJDIACEAE 
C l o s t B r i u m 
Cosmar ium 
E u a s t r u m 
P l e u r a t a e n i u m 
Pan ium 
D e s m i d i u m 
CLAOQCERA 
C h y d o r u s 
Bosmina 
D a p h n i a 
E u r y c s r c u s 
A l o n e l l a 
COPEPOD 

C y c l o p s 
N a u p l i i 
C r u g b a c e a n e g g 
ROTiFERA 
B r a c j n i o n u s 
C h r o m e g a s t e 
U,. P., M, 

OF DIFFERENT FOOD ITEM I N THE ( 
THE POND AND STREAM POPULATIOf 

% AGE OCCURRENCE 

POND 

61 . 8 6 
2 6 i 3 5 

0 . 0 1 5 
1 . 4 0 
0 . 3 9 6 
0 . 2 0 7 
0 . 0 0 4 
0 . 0 0 6 
0 . 1 2 5 
o.o;i2 
0 . 2 0 
0 c 0 2 2 
U.26 
0 , 0 1 2 
0 . 0 5 3 

0 . 0 0 4 5 
0 . 5 0 
1 . 9 1 -
0 . 3 2 5 
0 . 0 7 6 
0 . 1 3 8 

-
-

0 . 2 6 1 
0 . 0 1 5 

0 . 0 1 5 
0 . 0 9 
0 . 0 9 5 
0 . 0 0 5 
0 . 0 0 7 
0 . 0 2 

0 . 0 0 9 4 
0 . 0 1 2 
0 . 1 0 
0 . 0 0 5 
0 . 2 7 

1 . 6 9 
0 . 0 0 7 
1>,UG 

0 . 1 , •••••• 

0 . 0 2 8 
0 . 2 7 

STREAM 

5 7 . 3 2 
2 5 , 8 7 

-
3 . 6 2 
1 . 2 6 
0 . 0 1 3 

-
-
= 

0 . 4 4 ' 
2 . 4 8 9 

-
0 . 6 7 6 

-
0 . 2 2 8 

0 . 0 1 9 
0 . 9 0 
3 . 8 7 8 . 
0 . 1 2 7 

-
0 , 6 3 6 
0 . 0 5 6 
0 . 0 7 4 
0 . 7 1 9 

• 0 . 0 3 9 

0 . 0 5 9 
-
M» 

~ 
0 . 0 2 1 
0 . 0 5 1 

mm 

-
-
mm 

0 . 0 3 9 

0 . 7 3 3 
0 , 0 1 7 
0 . 6 4 1 

-
-

0 . 0 3 1 



143 

Variations in the relatiue imporcance of the major components 

of the diet ars giuen in Fig. 31» 

SEASONAL FLUCTUATIONS IN THE FOOD COI^POSITION : 

The percentage composition of each item of food in the 

diet of the fish during different ^months of the year has been 

enumerated in Tables 26 & 27, from ujhich it can be seen that 

there are very slight variatiohsr Detritus formed a major part 

of the food item throughout the year. The fluctuations in the 

percentage composition ranged from 54.24 (December) to 68,9 

(April) and 48.64 (September) to 71.63 (June) in individual's 

from stream and pond respectively. 

V/egetable matter made up from 20% (Duly) to a maximum of 

32.57% (August) in the fish from stream. In the pond individu­

als, the percentage composition ranged from 18,9 (3uly) to 32.03% 

(September), being the second mcst important component of the 

diet, Maxiruum quantities cf Chlorophyceae members ujere found in 

the months of November (for pond individuals) and December-(for 

stream individuals). It's percentage composition ranged from 

0.02;% to 17,71 •% in November, For tha individuals, from the 

stream percentage composition ranged from 1.66% (November) to 

'\3,n% in February, 

Highe'st percentage of diatoms mere recorded during Sept­

ember and October and the percentage compo.sition ranged from a 

minimum of 0,8 (July) to 4.37 (September) in the specimens from 

the pond. But in the individuals from the stream, the percentage 

composition luere found to be 1.71 (August) to 12,86 (r^ay). 

The zooplankton population varied in its percentage com­

position from 0,78 (February) to 14,62 (Ouly) in the guts of the 
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individuals from the pond, nvclpps luera found to be the most do­

minant food itam among zooplankton, follo'jjed by crustacean eggs, 

Alonella and Brachionus* Among the stream individuals, zooplank-

,ton composition ranged from 0,23 in February to 6,49 in Septem­

ber. Cyclops Luere found to be the most dominant follouued by 

crustacean eggs, Nauplii, Alonetla, etc. 

It can be seen from Figo 31 that there mere slight varia­

tions in the major components of the diet, but on the luhole, 

Detritus and vegetable matter uuere found to be the most prefe­

rred food item, representing 60-80^ of the diet, throughout the 

period of the study. 

FOOD COMPOSITION OF UARIOUS SIZE GROUPS : 

The data on the gut contents of various size groups have 

been presented in Tables 23 & 29 and the percentages of occurr­

ence of their groups are depicted in Fig, 32. Salient features 

of the observations are dGscribed below :-

SIZE GROUPp I (10-29 mm) :- In the pond individuals, Detritus 

constituted 60,27^ of the gut contents. Next in the order of 

abundance ujas vegetable matter (28.53^). Chlorophyceae and Bac-

illariophyceae were represented by 2.32 and 0,86% respectively. 

The various members of Chlorophyceae and Bacillariophyceae found 

in the guts are tabulated in Tables 28 & 29, Zooplankton consti­

tuted 7.39^. Stream individuals of the same size groups ahouued 

the presence of Detritus making up 65.82^ and 30-31^ vegetable 

matter. Chlorophyceae among phytoplankton and zooplankton were 

found to be absent. Bacillariophyceae made upto 3,19% of the 

total gut contents being represented by Synedra sps. only. 
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SIZE GROUP. II (30-49 mm) : In this size group, detritus was 

represented by 61,33^ of tha gut contents and \/egetable matter 

by 26»16^, Among phytoplankton, Chlorophyceae consisted of 1,46% 

and vi'as found to be the richest qualitatively. Bacillariophyceae 

made up 2«68% and ujas represented qualitatively by the maximum 

number of genera. Zooplankton luas found to be 8.19% and showed 

the presence of maximum number of genera, the most dominant be­

ing Crustacean eggs among the zooplankton in the individuals 

from the pond (Table 29)<, 

In the stream fish, percentage of Detritus was found to 

be 65«51%o Vegetable matter was next in order of preference, 

making up 29,36% of the total, gut contents. Chlorophyceae and 

Bacillariophyceae were 2.48% and 1.11% respectively. Zooplankton 

comprised of 1.20% in the total :;:ut contents, 

SIZE GROUP III (50-69 mm) ; In the pond individuals, Detritus 

constituted 60.23% and vegetable matter by 28,53% of the total 

gut content. Chlcrophyceae and Bacillariophyceae represented by 

0,38% end 2.93% respectively. Zooplankton made up 7.96% of the 

total gut contentso 

In the individuals fron; the stream. Detritus was found 

to represent 54.89% and vegetable•matter by 25.5%, of the total 

gut content (Tabla'-29)c The members of Chlorophyceae were 10,84% 

and sho\iigd the presence of a large number of genera. Filamentous 

algae were found to be the most abundant in the guts. Bacillar­

iophyceae comprised of 7c,64% and zooplankton 0.99% of the total 

gut contents. 

SIZE GROUP. 11/ (70,39 mm) ? In the specimens of this size groups 

from pond. Detritus comprised of 64.12%, vegetable matter of 



TABLE 28 

PERCENTAGE FREQUENCY OF OCCURRE.'JCE OF DIFFERENT FOOD ITEMS IN 
DIFFERENT SIZE GROUPS OF CHANNA GACHUA FROM THE POND 

10-29mm 30-49rnm 50-69mm 70-89mm 

Detritus 
V/egetable matter 
Scenedaamus 
Spiroqyra 
Zygnsma 
Mougoetia 
Phaeus 
Gymnogyga 
Pediastrum 
Ulothrix 
Botryococcus 
Natrium 
Pinnular'ia 
Dociidium 
Synedra 
Nauicula 
Diatoma 
Nitzschia 
Fragillaria 
Caloneia 
Closterium 
Cosmarium 
Eaustrum 
Pleurataanium 
Penium 
Chydorus 
Bosmina 
Daphnia 
Eurycercua 
Alonella 
Cyclops 
Nauplii 
Crustacean egg ^ 
Brachianus 
Chromogaster 
U. P. n. 

60.27 
28.53 • 

-

0.25 
-

1.56 
0.03 
0.03 
-

0.33 
-

-

-
«> 

0.06 
0.75 
-

-

0.05 
• ^ 

0.06 
0.06 

•a 

«« 

a> 

-

0.03 
0.57 

mm 

1.87 
2.95 
-

1.87 
0.09 
-

0.59 

61.33 
26.16 
0.03 
-

0.26 
0.34 

*<•• 

0.003 
0.24 
0.183 
0.046 
-

0.024 
0.009 
0.23 
2.038 
0.24 
0.074 
0.1 
-

0.03 
0.113 
0.167 
0.011 
0.007 
0.082 
-

0.02 
0.01 
0,S0 
2.97 
0.007 
4,33 
0.121 
0.056 

1.0096 

60.23 

2B,53 
-

-

0,26 
0.047 
W 

mt 

mm 

**• 

-

-

0,045 
mm 

0.28 
1.93 
0.33 
0.045 
0.247 • 
-

-

-

0.03 
-

-

-

-

-

-

0.114 

2.74 
-
5.05 
0.06 

• • 

** 

64.12 
31.85 

-

0.446 
0,146 
-

-
«* 

-

-

-
•n 

— 

-

-

1.34 
0,446 
0.496 
-

-
« • 

-

-

-
« • 

-

0,236 
-

-

-

0,236 
mm 

-

-

0 .1 63 



TABLE 29 

PERCENTAGE COflPOSITION OF THE GUT CONTENT IN DIFFERENT LENGTH 
GROUPS OF CHANNA GACHUA FROM THE STREAM 

10-29 
mm 

30-49 
mm 

50=69 
mm 

70-89 
mm 

90=109 
mm 

110-129 
mm 

Oet-ra-tuac) 
^̂ . mate.rail 
Spirogyra 
Zygnema 
Mougoetia 
Microspora 
Ulothrix 
Hyalothaca 
Pinnullaria' 
Synedra 
Nauicula 
Diatoma 
Fragilaria 
Amphora 
CyclotBlla 
Caloneis 
Tabellaria 
Clostsrium 
Penium 
Dssmidium 
Alonella 
Cyclops 
Nauplii 
Crustacean e 
-U. P. M, 

65.82 
30.37 

-

= 

-
« • 

-

-

-

-

3.79 
tm 

« • 

M» 

mm 

-
«• 

-

-

-
mm 

-

-

ggs -
mm 

65.51 
29.36 
1.81 

mm 

-

-

0.67 
• -

• -

0.24 
1.11 
-

-

-

-

= 
-

-

-

•' 

-

0.8 0 
« • 

0,46 
•a 

54.89 
25.51 
2.90 
0,96 
0.52 
1.13 
4.90 
-

0.15 
1.84 
3.55 
-

0.44 
« • 

Mi 

1.71 
0.10 
0.15 
-

0.13 
0.10 
0.69 
0,04 
0.16 
0.046 

51.57 
26,81 
9.33 
0,137 
-

-

1.72 
-

0.75 
-

5.95 
0.50 
1.06 
0,22 
-

.0,20 
mm 

-

0,08 
. 

-

0,55 
-

1.01 
0,05 

47.23 
19.61 
1.97 
-

-

-

-

10.74 
-

2.02 
10.22 

-

6.73 
-

1.19 
«M 

-

-

-
m. 

-
mm 

-
0.26 

58.30 
28.45 

-
mm 

^ 

- • 

m 

- • 

-

.-

-

-

-

«n 

-
M 

-

-
• • 

-

5.69 
-

7.31 
. -am 
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31.85^ and Chlorjphyceas ana Bacillariophycsae of 0.59% and 

2.78^ respectively. ZooplanKton consisted only 0.47^ of the gut 

contents. In the atreem fishes, detritus and vepetable matter 

comprised of 51.57 and 26i8-\% r3sp9cti\/Rly of the gut contents. 

Chlorophyceae shoiued tha presence of 12.01^ and Bacillariophy-

ceae 7,93%, whereas Zooplankton luas represented only by 1.56%. 

SIZE GROUP,--V (90-109 moi) : Individuals of this size group u/ere 

present only in the streairî  in these, the detritu? and uegetabls 

matter comprised of - A7,2.3% and 19,01% of the total gut contents. 

Chlorophyceae membera made upto 12«v'!%« The members of the 

Bacillariophyceae were found to be present in maximum numbers in 

this size groups (20»16%,),, iMavicula being the most common (10.22%), 

Fraĉ i 13 aria . f 6.73%). Cyclotella (l»19%), Zooplankton luere only 

0.26% of the encire gut contents. 

SIZE GROUP UI (110-129 mm) : Amonc the individuals of this 

group, detritus and usgetabie matter made upto 58,3 and 28.45% 

of the gut contents.. Chlorophyceae and Bacillariophyceae members 

luere marked by a complete absence. Zooplankton made upto 13%, 

of which Cyclops being 5.69% and Crustacean egg 7.31%. 

FEEDING INTENSITY : 

The observations on the feeding intensity, based on gas--

trq somatic index are presented in Fig. 33. On plotting the 

values of gastro-somatic index obtained from total meight and 

dressed aieight, it has been obsBrt«ed that apart from magnitude 

there mas no other difference, hence the G«S,I. values luere 

calculated only Prom the total u/aight of the individuals from 

both the pond and stream (Table 30 & 31). 
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SEASONAL UARIATION IN G.S.I. : 

For the pond indiulduals, high feeding intensity uiaa 

found In Septsmber, UctobGr, November, Decembar and 3uly, maxi­

mum being in Novamber and 3uly» As indicated by the results 

(Fig, 33B) rest of the monthe had a reduced feeding activity. 

December oniuards louj G.S.I, values ujere observed. 

In the specimens from stream, high feeding intensity tuas 

found in the months of October, November, February and March, 

whereafter it reduced tb a minimum in August (Fig, 3 3 A ) . Indivi­

duals both from the pond and stream shoiued tuio apparent peaks of 

feeding intensity, one around October, November and the other 

during February (for stream population) and in Duly (for pond 

individuals), 

FLUCTUATIONS IN G.S,.Ie IN DIFFERENT LENGTH GROUPS : 

/ The oboervation of feeding intensity in different length 

group of fishes is shoam in Fig. 33A» It can be seen that for 

the pond individuals high feeding intensity was observed in the 

smaller length groups i.e. from 16-20 mm to 36'-40 mm length 

group, whereafter the feeding intensity was found to be reduced 

with the. increasG in length, 

The stream individuals too, showed comparatively high 

feeding activity in the lower length groups (21-25 mm till 41-45 

mm), whereafter the intensity decreased with the increase in 

length. 

FEEDING IN RELATION TO CONDITION FACTOR : 

"K" and "K^" values for entire and gutted fish respecti­

vely, did not exhibit any marked difference and show more or 

less the same trend. Therefore, only the "K" value (combined 
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sexes) has been taken into considerdtion. The correlation betu/een 

feeding intensity and condition factor (K) hes been shown in Fig, 

34 and the data haua been tabulated in Table 32. 

It is thei-efoi-e, quite clear that bhera is an inverse 

relationship between the feeding intensity and condition factor 

(Table 32). 

The relation between condition Factor and gastro-somatic 

index ih different length groups of fishes has been shown in Fig, 

35, which indicates a clear invex-se relationship both for pond 

and stream individuals, G,S,I. values luere also observed to show 

an inverse relationship with the gonadosorratic index (Table 31 ), 

GUT lENGTH IN RELATION TO BODY LENGTH : 

The length of the gut (V) plotted against the total length 

(x) is depicted in Fig, 36, which cjhows that the length of the 

gut increases in proportion to the total length of fish. The re­

gression equations are !-

Y = 1.9917 + 0,4525 X (Pond individuals) 

Y = 2.4241 + 0,5073 X (Stream individuals) 

The coefficient of correlation '"r* is calculated to be 0.9892 

and 0,9670 respectively for pond and stream individuals. 

WEIGHT OF THE GUT IN RELATION TO BODY LENGTH : 

The regression equations describing the relation between 

the weight of the gut versus total length are :-

Log Y = -6,0186 + 2,7389 log X for pond individuals; and 

Log Y = -2.5483 + G.9537 log X for stream individuals, 

The coefficient of correlation 'r' was calculated as 0,9218 and 

0,6487 for pond and stream individuals respectively. The weight 



TABLE 30 

SEASONAL UARIATIOIMS I N THE l/ALUES OF G. 
FACTOR OF C. GACHUA 

S . I . , G n . S . I . AND 'K • u- » 

MONTHS 
GASTRO 

SOMATIC 
IP^DE'X 

GONADO 
SOMATIC 

INDEX 

CONDITION 
FACTORS G.S.I. Gn.S.I. 'K' 

1978 

4 .20 
4 ,10 
5.81 
4 .12 

3 .50 
2.69 
0.637 
2 .62 
2.68 
1.60 
5.59 
2 .72 

1.53. 
1.14 
0 .34 
0 .75 

•ql 

0.30 
O.BO 
1.20 
1.45 
1.57 
1.55 
0.28 

0.977 
0 .710 
0 .925 
0.989 

0,975 
0 .972 
0.941 
1.015 
1,009 

1,015 
1.161 
0 .862 

3 .05 
4 .60 
6 .55 
0.76 

3 .70 
6.24 
4 .30 
1.68 
2 .35 
1.98 
0.98 
0,45 

-
-

0 .33-
0.18 

^ 

0 .78 
-

0 .91 
1.02 
1.48 
1.54 
0 .25 

1.016 
0,950 
0.918 
0.900 

0.950 
0.967 
1.000 
1.206 
1 .060 
1.019 
1.182 
0,904 

TABLE 31 .,, . 

UALUES OF G.S.I., Gn.S.I. AND «K' FACTORS OF C. GACHUA AT DIFF-

LENGTh 
(-T 

16 ,0 
21 ,0 
26 ,0 
3 1 , 0 
3 6 . 0 
4 1 , 0 
4 6 , 0 
51 ,0 
56 ,0 
6 1 , 0 
6 6 . 0 
7 1 . 0 
7 6 . 0 
8 1 . 0 
8 6 . 0 
91 ,0 

m 

-
MB 

• > 

mm 

-
-
• M 

-
• • -

-
-
-
-
-
" 
-

:ROUPS ) j 
20 .0 
25 .0 
3 0 . 0 
35 .0 
40 .0 
45 .0 
50 .0 
55 .0 
60 ,0 
65 ,0 
70 .0 
7 5 . 0 
8O.0 
85 .0 
90 ,0 
95 .0 

ERENT 

P 0 

G . S , I • 

3 .63 
3 ,13 
5 .00 
3 .55 
4 , 2 1 
2,23 
2 .60 
2 .50 
2 ,84 
2 .30 
1.30 

. 1.70 
1.24 
1.51 

••• 

- • • • 

LENGTH 

N D 

G n . S . I . 

• a 

.0 .58 
0 ,69 
0 .47 

-
0.18 
0 .82 
0 .94 
0 .62 
0 .75 • 

-
3 .19 
2 .87 
3 .11 

-
tsm 

GROUPS 

"K" 

1.041 
0 .992 
0.824 
0*894 
0,886 
0.938 
0.91.7 
0.988 
0.-955 
1.030 
1.102 
1,259 
1.321 
1.164 

-
-

5 q T i ' ̂  
j G . S . I . 

19.73 
17 .56 
13,88 
11 .84 

9 .78 
4 .32 
4 .20 

"•3,10 
0,83 
1 i48 
2^22 
2 ,92 
1.64 
1.22 
2.-;5 
3 .09 

R E A 

G n . S . I . 

. 
1.46 
0 ,69 
0 .34 
0 ,19 
0 ,08 
0 ,18 
0 ,07 
0.,24 
0 ,29 
0 ,87 
0 ,15 
1,22 
1,12 
3 ,02 
3 ,05 

M 

"K" 

0 .771 
0,993 
0.819 
1,019 
0.941 
I . O l u . 
0.376 
1 .010 
1.060 
1.029 
1.002 
1.051 
0.993 
1.212 
1.200 
1.100 



TABLE 32 

RELATIVE LENGTH OF THE GUT AND ITS RELATIONSHIP WITH K, G.S.I. 
AND Gn.S.I. 

SIZE GROUP 
(mm) 

N D 

"K" GSI GnSI RLG 

16 
21 
96 
3 ] 
36 
41 
46 
51 
56 
61 
66 
71 
76 
81 
86 
91 

-. 20 
- | 2 5 
- 30 
- 35 
- 40 
- 45 
- 50 
- 55 
- 60 
- 65 
- 70 
- 75 
- 80 
- 85 
- 90 
- 95 

1.041 
0 .992 
0 ,824 
0 .894 
0.886 
0.938 
0o917 
0.988 
0 .955 
1.030 

• 1.102 
1.259 
1.321 
1.164 

-
tm 

3 . 6 3 
3 . 1 3 
5 .00 
3 . 5 5 
4 . 2 1 
2 . 2 3 
2 .60 
2 .50 
2 .84 
2 .30 
1.30 
1.70 
1.24 
1.51 

-
-

B « 

0 .58 
0 .59 
0 .47 

-
0.18 
0 .82 
0 .94 
0 .62 
0 .75 

-
3 .19 
2 .87 
3 .11 

-
mm 

"K" GSI 

A M 

GnSI RLG 

0.771 
0.993 
0.819 
1.019 
0.941 
1.014 
0.876 
1.010 
1.060 
1.029 
1.002 
1.051 
0.993 
1.212 
1.200 
1.100 

19.73 
17 .56 
13.88 
11 .84 

9.78 
4 . 3 2 
4 . 2 0 
3 .10 
0 .83 
1.48 
2 .22 
2 .92 
1.64 
1.22 
2 .45 
3 .09 

-
1.46 
0 .69 
0 .34 
0 .19 
0.08 
0 .18 
0 .07 
0 .24 
0 .29 
0 .87 
(D.15 
1.22 
1.12 
3 .02 
3 .05 

0.80 
0 .75 
0.65. 
0.57 
0.4lQ 
0.49 
0.45 
0.49 
0 .50 
0,51 
0 .52 
0 .52 
0,57 
0.59 
0,58 
0.51 

PERCENTAGE COMPOSITIOI 

TABLE 33 

OF THE GUT CONTENT IN C. STEWARTII AND 
C. PUNCTATUS "* 

0 N D 
C.PUNCTATUS % AGE 
"• COMPOSITION 

S T R E A M 
C.STEWARTII % AGE 

J COMPOSITION 

D e t r i t u s 
l / ega tab le m a t t e r 
Ulothrix 
Spirogyra 
Closterium 
Navicula 
Amphora 
Diatomella 
Synedra 
Diatoma 
Netrlum 
Fragillaria 
Caloneis 
Tabellaria 
Cyclops 
Crustacean sgg 
N a u p l i i 
U. P. M, 

54.83 
18.51 

4 .57 
10 .27 

3 .62 
1.46Q 
2 . 1 9 ^ 
1,39 

2 .19 
0.46 
0.46 

22 .53 
9 .61 

19 ,20 
27 ,74 

0 ,74 
1.32 

4 . 4 1 
0 ,87 
0 .39 
0 ,25 
8 ,43 
0 ,50 
2 .25 
1.69 
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of the full gut (Y) plotted again£::•̂  total length has been shouin 

in Figs. 37 & 38. 

RELATIl/E LENGTH OF THE GUT : 

The ratio of the gut length to tody length has been shown 

in Fig. 39j, uuhich indicates that the ratio decreases as the fish 

grouis in size from 0,57 to 0.42 for the pond individuals and 

from 0.60 to 0.415 for straam individuals (Table 32). 

FOOD COMPOSITION OF C_c STEWARTII AND C_» PU^^CTATUS : 

The Various components of diet for C_. punctatus and 

C, stemartii have been presented in Table 33 and shoiun in Fig, 40. 

£. STEWARTII : Chlorophycaae 'juas found to be the most dominant 

group, being 47.68^, folloujed by detritus which made upto 2_2,53^ 

of the diet, Bacillariophyceae li/̂s 16,17^, Unidentified plant 

material constituted 9,61/2 of the total gut contents. Zooplank-

ton present luere Cyclocb and Cri'stacean eggs and their percent­

age ccmpositicn was 3,94/C (Table 33).j 

D. PUNCTATUS : Detritus u)£S found to make upto 54.83^ of the 

diet, being the most dominant. Ueget'-.ble material constituted 

18.51^, Chlorophyceae and Daci.llax'iophyceae comprised of 14.84 

and 8.66^ respectively. Zoop].anktone uerB represented by crus­

tacean eggs and Nauplii being only 2.65/S of the diet (Table 33). 



D I 3 C U S S I 0 N 

raRPHOMETRY AND MERISTIC COUNTS 

Morphological variations in fish due to adaptation to neuj 

Bnu^ironment have bean studied by many u/orkars (Schmidt, 1921J 

Uladykov, 1934; Taning, 1944? Lindsay^ '19545 F'ags, 1958j Barlouj, 

1961; and Suzuki and Yamaguchi, 1980). In the present study, mor­

phological Variations have been observed between the tiuo popula­

tion i.e. from the pond and the stream in C_. oachUa. Predorsal 

length, head length, snout length; eye diameter, post-orbitalk 

lengthj inter-orbital length; ianoth of upper jaiu and girth were 

found to be higher in the specimens from the pond (Table 8). 

Height of anal fin.? height of pectoral finj length of dorsal 

•fin; length of caudal peduacle and head depth are practically '^7),^ 
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the safT̂B in both ths pcpulatiorsj b.;t body depth; least height 

of body; height of ventral fin and base of anal fin are higher 

in the stream population. Difference in regression equations are 

evident from fable 8, ujnich may be attributed to diverse ecolo­

gical -and environmental conditions prevalent in both the systems* 

According to Gould (1966;) ratios betujeen characters luill 

not neccessarily be constant for organisms of the same species 

due to variation resulting from differences in sex, race and nu™ 

triticn and other environmental factors. Therefore, in the pre­

sent study too, variations in morphonetric measurements may be 

attributed to the diverse environmental factors. 

Various authors have shown that morphometric characters 

of fish can vary under the irifluence of environments and in par­

ticular , the thermal factor during the period of incubation and 

the beginning of larval life (Sohmidt, 1921; Uladykov, 1934; 

Tanning, 19A4j Lindsay, T9?4; Page, 1958 and Barlouj, 1961), Acc­

ording to Hubbs (1922) and Tanning (1944), variation occurs in 

the numbers of rays in the unpaired fins, in several species 

luhich is also related to an adaptati.tin to movement of uuater of 

Various densityo 

Variations in the body proportions in the same species 

according to hydrographic conditions have also been recorded by 

various authors (Hubbs, 1922; Barlouj, 1961 ). They associated 

these Variations ij;ith the affect of the duration of periods of 

growth and of the relating diff3rpnt.;.ations which determines 

the number of vertebrate and of segments. 

As reported by Yazdani and Chanda (1971 ), Channa steiuartii 

has 4-5 scales between the orbit and angle of preopercle and 
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12-13 scales Dgfcre thn dov̂ jal *̂ in jTid further stated that it-

comes uery close to C_, ô rieiitalJ-s (BlO Schu. and could be dis­

tinguished from the latter by ;59-40 rays in the dorsal (WS 32-33) 

26-27 i-oys in the anal ('o'S 21-23) and ventral y of the pectoral 

(us -r) 1,4o flc'jueuer, i;i the present study for C_. qachua, rays 

in the dorsal fin ijuere obserued to be 31-34j 11-14 and 13-14 r 

rays in the pectoral, for pond and stream individuals; 17-19 and 

16-22 ray in the ventral for pond and stream individuals. Lateral 

line transverse scales ujsre found tc be constant, being 3̂ /5-̂  for 

Individuals both from the pond and the stream, 

Yazdani and Chanda (1971 ) luhll? u/orking out in a collec­

tion of C_» steujartii and C.. oris^ntalis from Khasi Hills, they 

observed that all the specimens of C_, steuartii have considerably 

lesser number of rays In the dorsal (35-37). There was also a 

greater range of variation in the number of anal rays (23-28) 

and ventral WJ^B mostly ^ (rarely 1/3) of the pectcral. Colour 

pattern and other characters uuerc so distinctive that there is 

no dif^'iculty in distinguishing it frorri C_. orientalis* According 

to them, theae variations being unrecorded sc far, entail a re­

definition cf C_, stRtjuc:c;.tî  and the key character of the species 

shall therefore, be as 35-40 rays in the dorsal, 23-28 rays in 

the anal and ventral from ^ to 1/3 cf the pectoral. 

In the present study too, C_. steujartii shoujed distinct 

colour pattern which leaves no difficulty in distinguishing it 

from C_. orientalis. 

While examining the material of C_. statuartii, they also 

cams across tujo abnormal specimens, one (A) having its dorsal 

fin divided owing to a gap caused by the absence of rays after 
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6th ray to nearly opposite the origin of the anal and the other 

(B) hav/ing a similar gap after the 12th dorsal ray to nearly 

opposite the 8th anal ray. In specimen ( A ) , the total number of 

rays uuere 33, lu hereas in specimen (B) it luas only 31, The spe­

cimen (B ) also lacked the pelvic fin and the pelvic girdUof the 

left side. The examination of the alizarin preparation of these 

specimens shoius that the ptsrygiophores are also absent in the 

region and the gap. Though occassional absence of both pelvic 

fins is on the record in the genus Channa. there uuas no earlier 

record of such abnormalities as has also been observed by Yaz-

dani and Chanda (l97l). Hou/ever, during the present investigation 

one specimen of C_. qachua ujithout pelvic fin, has been recorded 

from the pond. 

The various meristic counts made during the present study 

did not shouj any marked difference in the individuals of C.qachua 

from lotic and lentic populations (Table 9). 

Many authors (Schmidt, 1921; Uladykov, 1934j Tanning, 

1944J Lindsay, 1954; Barlouj, 1961) h ave reported that meristic 

characters exhibit plasticity under the influence of environmen­

tal factors, especially temperature, during the incubation per­

iod and early larval life. Dutt and Reddy (197B) gave certain 

meristic counts for ^. qachua population from Andhra Pradesh as 

as dorsal fin rays 33-37; Anal fin rays less than 24; Lateral 

line after proceeding straight some distance bends douun sharply 

and continues tiuo scale rouus belouj. In the present study too, 

the dorsal fin rays ranged from 31-34, being less than C_, qachua 

population from Andhra Praddsh. Anal fin rays ranged from 17-19 

and 16-22 for pond and stream individuals in the present study 

whereas, Duttc and Reddy (1978) reported anal fin rays to be 
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leas than 24. Lateral line too, after proceeding straight some 

distance bends doinn, in the specimens both from the pond and 

stream, mere found to be similar to the results obtained by Dutt 

and Reddy (1978), 

Biometric study for Ĉ . qachua in the present case (Table 

16), revealed that Eye diameter^becomes smaller in relation to 

head length and interorbital luidth as the species groius (Figs. 

18 & 19), The pectoral fins exhibit negative allometry and the 

body of the fish becomes relatively deeper. A similar case has 

been reported by Tobor (1974) for Lates niloticus. According to 

Bayagbona (1963) a constant index indicates that the groiuth of 

the character in relation to its reference length is isometric, 

With regard to C_. steoiartii (Table 16) and C_, punctatus 

(Table 17) also, the Eye diameter becomes progressively amaller 

tn-arelation to the head length and inter-orbital luidth as the 

fish groujs (Figs, 20 & 21 ). But the pectoral fins unlike Cqachua 

(from both the systems) da..not exhibit negative allometry in 

relation to head length. 

Hoiuever, various features have from time to time been 

reported as characters of certain local populations of the same 

species luhich IMikolsky (1963) luith his tidy out look on adapta­

tion considered that these variations ,Luere designed to ensure 

that the greatest variety of habitats were occupied and quoted 

several instances fof fish species tuhich could occur either as 

an elongated river fogrm or as a high bodied lake form. In the 

present case, such uiell defined variation betujeen the tuio popul­

ation could not be ascertained, but certain variations in mor-

phometric measurements are quite evident. 
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LENGTH - WEIGHT RELATIONSHIP 

From the studiss on length-ujeight relationship, it is 

clear (Tabla'̂ 1i9) that there are inte-rspecific variations in the 

exponential value. In the case of C_. punctatus and £» steujartii 

The values for "b" approximates to the cube lauj but are less 

than "3", thereby shoujing alio metric ̂  groujth. Das and Mitra (1958) 

have also obtained the value for "b" less than three, obtaining 

a parabolic equation of W = 0,036775 L 2.81112 ^^ ^^ punctatus. 

based on spacimens collected from West Bengal during March and 

April, 1956. ujhich is quite similar to our result (W = 0.00001172 

L • in C_, punctatus. In C. steujartii. Ganguly et al.« (1963) 

reported thie "b" value of 3,261, obtaining a parabolic equation 

as W = 0,00447 L ^•2^1^ 5^^ in the present case, the "b" value 

ujas derived to be 2.452 (W = 0.0001033 L 2.4517^^ ^^^ change in 

the exponential value "b" is.supposed to be under the influence 

of numerous factor viz. seasonal fluctuations, physiological 

conditions of the fish at the time of collection, sex, gonadal 

development and nutritive conditions of the environment of the 

fishes (Sinha, 1973), Hence, it is quite likely that the varia­

tion in the exponential value relating the length to the body 

ujeight, might be due to the reasons stated above as the fishes 

aiare collected from two different types of ecosystems. The expo­

nential Values for C_, qachua are found to vary in different sea­

sons (summer and vuinter), during the juvenile and adult stages 

and also for the specimens collected from different systems. 

Houjever, it is seen that the grooith in all cases is allometric, 

except in the case of the specimens from the pond during summer 

oihich shoiued an isometric growth (Table 18). 
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Lai and Dujivedi (1965) and Sekhsran (l968) have also 

observed interspecific variations in the pouuer function (b) of 

length in relation to body lueight. in Rita rita and Sardinella 

albella and S_, gibbosa respectively at different stages of their 

groujth. Hughes e_t_ al,, (1974) ujhile studying the effect of growth 

on gills and accessory respiratory organs of Saccobranchus 

(= Heteropneustes) fossilis have mentioned the compressed body 

shape of the fish, a probable cause of the increase of the pouuar 

function (b = 3,325), 

According to Hile (1936) and Martin (l949) the value of 

exponent "b" usually range betmeen 2,5 and 4,0.Allen (1938) sug­

gested that the value for "b" remains constant at "3,0" for an 

ideal fish. In the present study, the value of "b" as determined 

for C« qachua is 3,1821 from the pond and 3,3942 from the stream 

luhsreas, it is 2,9701 and 2,4517 for C_, punctatus and Csteiuartii 

respectively, 

It is important to determine atleast the orders of magni* 

tude in the Ponderal index of the power function (b) of length 

in relation to body weight. It has been assembled in Table 34, 

to present the difference in the (b) value among different 

species of Channids, The table indicate's that the values in al­

most all the species of Channids, approximates the cube law and 

hence according to Hile (l936) and Martin (1949), the fishes 

of this group can be considered as "Ideal", 

Beverton and Holt (l957) suggested that the departure 

from 3,0 of "b" value is rather rare. However, Narasimhan (1970) 

reported that the value of "b" increases in the carnivorous fish 

Trichiurus lepturus. which devour big prey. Accordingly Soni and 
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TABLE 34 

COhPARATIl/E VALUES OF 'b» AS REPORTED FOR LOG BODY WEIGHT TO 
LOG BODY LENGTH IN VARIOUS AIR-BREATHING FISHES OF INDIA.. 

FISH SPECIES UALDE FOR 
•b* 

REFERENCES 

Saccabranchus Foasilis 

Heteropneustes.. f ossilis 

Heterppneustes Fossllis 
(male/ 

Heteropneustes fossilis 
(.female) 

Heteropneustes fossllis 
(juvenilesj 

r̂ acroqnathus aculeatum 

Â mph'ionous cuchia 

Clarias batrachus 

Clarias batrachus 

ii* notopterus 

Ophicephalus marulius. 
(males) 

Ophicephalus marulius 
(femalBis). 

—• strlatus (males) 

0̂» striatus (females) 

£'. punctatus (males) 

£'• punctatus (females) 

Channa' gachua (Pond) 

Channa gachua (Stream) 

C_. s t e u j a r t i i (S t ream) 

C_« punctatus (Pond) 

C_. stemartii 

3.32 Hughes et̂  al. (l974a) 

3.10 Bandsy at, al,. (l974). 

2,52 Bhatt (1968) 

2.94 Thakur and Das (1974). 

3.16 Thakur and Das (1974). 

3o36 Ojha (1974). 

3.00 Hughes at, al. (I974b). 

3.33 Sinha (l973).o 

3.08 Thakur (1974). 

2.96 Paramesiuaran and Sinha 
(1966). 

2.99 Paramesiuaran (1974). 

3.02 Paramesiuaran (l974). 

2.97 . Paramesiuaran (1974). 

3.00 Paramesiuaran (l974). 

3.07 Paramesiuaran (l974). 

2.79 Paramesiuaran, (1974). 

'3.m\B f?r-esa'rft̂  Au-t<h-crj: P^^S^" v̂c 

3.39 Present Author . 

2,45 Present Authorj. 

2.97 Present Authori. 

3.26 Ganguly et a^. (l963), 
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Kathal (1979) reported that the; higher value of "b" (4.36) obta­

ined for Cirrhina mriqala is due to the presence of large quan­

tities of sand and mud in the stomach, resulting in an increase 

in the total u/eight. However, in the present study, the value 

of "b" for £o qachua from the pond (Pig. 22) and stream (Fig.23) 

uuas found to be 3.18 and 3.39 respectively, ujhich is higher than 

3,0, The departure of "b" values from 3.0' in the present case 

may be due to the feeding habits of the species (Mookerjee et al. 

1950) and presence of good amounts of ̂ detritus along ujith vege­

table matter in the stomach as obtained during the present 

study, u/hich supports the vieuu of Narasimhan (1970) and Soni and 

Kathal (1979). 

CONDITIOW FACTOR 

Monthiuise averages of "Ponderal Index" or "K" values of 

entire one year period has been calculated to elucidate the sea­

sonal fluctuations (Fig, 24) and have been tabulated in Table 

20, The Variation in the condition factor may be attributed to 

different factors, such as environmental condition, food avail­

ability and the gonadal maturity, as has also been suggested by 

many workers (Le Cren, 1951; Jhingran, 1972; Bashirullah, 1975). 

According to them, study on the changes in the condition values 

with length increase may yield evidence concerning the size at 

first maturity, while the seasonal fluctuations may reflect the 

spawning cycle of a fish as the "K" is the condition of fatness 

and condition of gonads. However, the present study has shown 

that the smallest size group of the species have higher condi­

tion values indicating that juveniles have better condition 

faptor (Table.i.21 ). Many workers (Menon, 1950; Pillay, 1954; 
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Sarojini, 1957? and \/arghese, 1961) haus also observed a higher 

Kn Value in juvenile of other fish species. 

The results further suggests that the increase in the 

weight of the body due to the weight of maturing gonads folloujed 

by a decrease due to spawning, is also reflected in the condition 

factor of the fish (Tabls.: 32). The results also support the view 

of Weatherley (l972) that even among the members of one popula­

tion, samples on a single date, there may be considerable varia­

tion in condition with length (Fig, 24A)« According to hl,l,jn, fish 

populations display considerable changes in average condition, 

reflecting normal seasonal fluctuations in their metabolic bal­

ance and in the pattern of maturation and subsequent release of 

reproductive products. Even the state of fullness of the.alimen­

tary canal may influence "K" ..factor. 

Le Cren (1951 ) proposed a relative condition factor (Kn) 

and discussed its superiority over condition factor ( K ) . Accord­

ing to him, the former measures all the variations not connected 

with length, which the latter fails to do (unless n = 3). Keste-

ven (194?) suggested that a true ponderal index should be obtai­

ned by comparison of volume of fish with its weight in which ; :-:• 

form it will be a measure of relative density or weight per unit 

volume, the latter being a function of the fish volume which is 

a cubic function of its linear dimensions. 

In the present study, the condition factor was also found 

from the eviscerated specimens (Total weight of the fish - Weight 

of the gonad and gut) to eliminate the influence.of gonad and 

food present in the alimentary canal. The. pattern of fluctua­

tions in these indices is almost similar to that of the indices 
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of whole fish, the differencB bedng only that of magnitude. This 

indicates that the condition factor is not only influenced by 

the maturati.(]n of the gonads and the food present in the aliment 

tary canal but might also be due to certain other environmental 

factors tooo Similar case has also been reported by 3hingran 

(1972) for Setipinna phasa* In the present study,, adults of 

_C« qachua from the pond are found to be heavier (b = 3.6456) in 

respect to their length, u/hile the juveniles (b = 2.8743) were 

lighter in relation to their length. 

MATURITY AND SPAWNING 

Studies on maturity indicate that both the males and the 

females mature at the same time and have a similar breeding per­

iod (Dune-August) tuith just one spaiuning season in an annual 

cycle. The occurrence of ripe individuals during the months of 

June-August and its complete absence thereafter also supports 

that the spawning season lasts from late June to August, The con­

dition factor or Ponderal Index (K) for the same individuals also 

indicates toiuards a similar trend in the spaujning' season as in­

dicated by the results obtained for 'K' factor. The occurrence 

of only one batch of maturing ova, clearly demarcated from the 

immature stock indicate that the spaujning is strictly periodic, 

restricted to a definite period and that each individual spauins 

once during an annual cycle. Walfcrd (1932) stated that fishes 

uihich spaujn only once in a season, contain only tujo types of ova, 

immature and mature. Similar observations have also-been repor­

ted by Hickling and Rutenberg (1936), Prabhu (1956), Qasim and 

Qayyum (19613) and Natarajan and Jhingran (1963) as has also 

been found in the present study too. It has also been observed 

that the species (£, qachua) mature little earlier (length-wise) 



174 

in the pond p.opulation than the stream population and this can 

be attributed to the better food a\/ailability in the pond than 

the stream. This is also supported by the studies on the repro«-

ducti\/e biology of the species in the present investigations. 

Gonado-somaitic index (Gn.5,1.) values luhen plotted against 

different body lengths (Fig, 26) indicated a tendency for the 

Gn»S.I. to increase with the increase in body length. It is also 

seen that the seasonal peaks (Fig, 25) in the mean Gii.S.I, coin­

cided uuith the peaks in the percentage occurrence of mature in­

dividuals, hence, Gn,S,I, can be used as an index of gonadal 

development. Such a case has also been reported by Kakuda and 

Nakai (1981 )» According to Kesteven (l942) the gonad maintained 

a relationship ijjith the remainder of the body of the organisms 

and since the average size of maturing or mature ova are con­

stant in general, the number of eggs being a number of units of 

ujeights luill shouj an exponential ujith the length in the same luay 

as does the length of the entire organisms. Jhingran (l96l), 

Qasim and Qayyum (l963), Bagenal (1967) have studied the rela­

tionship betu/een fecundity and fish length and reported that the 

exponent value to range around three,_ Higher values of 4,5 in 

case of Irish Herring (Parran, 1938) or at a rate proportional 

to fifth poujer of body length (Hodder, 1963) have also been re­

ported, HoLuever in the present study, the exponential index ujas 

found to be 2,5490 and 4.1752 for the specimens from the pond 

and the stream respectively. The value of exponent (2.5490) in7 

dicates that the fecundity of the pond population increases at • 

a loujer rate than that of the body weight, in relation to total 

length, as is also evident from the exponent value of 3.1821 

(Table 19) obtained in the length-ujelght relationship during the 
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present study for individuals from the pond. From the value of 

exponent (3»3942) obtained in the length-iueight relationship in 

the stream population (Tabler-19)5 it appears that the fecundity 

increases at a rate slightly faster than that of the body a/eight 

in relation to total length as the exponent value has been found 

to be 4,1752. The values of exponent obtained in the relationship 

between ovary ujeight and total length luere found to be 2,7389 for 

pond population and 3,9540 for stream population luhich iiriicates 

that the ovary uueight increase at a more rapid rate than the 

total uueight in stream population, a/hereas in the pond popula­

tion, the increase in ovary lueight is loiuer than total lueight, 

It has been observed that the C_« qachua specimens beloui 

36.0 and 41.0 mm from the pond and stream respectively ijuere imm­

ature, Fifty percent (l̂ cn) individuals mature at 51,0 - 55.0 mm 

length group both in the pond and stream population (Fig, 27), 

FECUNDITY 

On plotting fecundity values against body length (Fig, 

28E & F ) , it has been observed that the egg counts increased 

with the increase in length. It is also seen that there is an 

increase in the spread points describing this relationship luith 

increasing size of the species. Similar case has also been rep­

orted by Habib (1979) in Puffer fish.. According to Simpson (1951 ) 

fecundity is directly proportional to body n'eight. As pointed 

out by Bagenal (1967), since weight is more closely connected 

with the condition of fish than-its length, Yuen (1955) found 

that relationship between fecundity and weight to be curvilinear 

as (̂'ds aiso been recorded in the present study, which indlcatas 

that fecundity is more dependent on weights rather than length 
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as has also been reported by Manooch (l976) for Red Porgy. The 

logarithmic relationship betaieen fecundity of the species and 

its lengths, body uueight and ovary u/eight were found to be linear 

(rig. 28).A comparative data on the fecundity of different air-

breathing fishes from India, have been assembled in Table-35, 

which indicates that the fecundity of air-breathing teleosts 

appears louj but 'oihsn assessed in relation to their respective 

body sizesp the number of ova is considerable, as also reported 

by Dehadrai and Tripathi (1976). 

Relative fecundity which is the ratio of eg^ number to 

body lueight (Hardisty, 1964) is a measure of fecundity that 

takes into account the weight differences of individuals. In the 

present study, relative fecundity was found out to make compari­

sons between both the populations as the basic assumption in 

using relative fecundity is that the number of eggs per gram 

does not increase or decrease with the size of fish (Bagenal, 

1973), However, it is seen that the relative fecundity on aver­

age basis was found to be lower (97.04) in the stream population 

(Table 23), than the pond (Table 24) population (140.67), which 

may be attributed to the fact that the relative fecundity in 

the species may change markedly due to changes in the condition 

of the species and has also been mentioned by Le Cren (1951) and 

Raitt (1968) for perch and Norway Pent respectively. 

According to Bagenal (1963) in most of the fish, the 

number of eggs does not change sajghificantly as the season pro­

gress, but the gonad weight increases due to an increade in 

water content or organic matter derived from food or organic 

matter transferred from somatic tissues and only in the latter 

case, if the total weight remain constant and thus make the 
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calculation of rslative fecundity meaningful. If the relative 

fecundity is related to length, it cannot be used alone to com= 

pare fecundity at different places and time (Bagenal, 1973), 

The maximum fecundity values for C_, qachua in the present 

study have been found to be 1170 and 1523 in the individuals 

from the pond and stream respectively (Tables 23 & 24) ujhich is 

quite similar to the observations made by Mookerjee et al»(1950) 

that this species lay about 1500 and 2000 eggs, Hoaiever, fecun­

dity estimates suggest that the species is not very fecund in 

comparison to other species aihich might be due to the fact that' 

a species that protects its eggs and young ones is usually less 

fecund, than the one that does not (Kryzhanoviskii, 1949). Such 

cases have also been observed by Fryer and Isles (l972) mho dis­

cussed the significance of brood and egg size in Cichlids and 

attributed a close association betiiieen egg number and sii'xB.'Ofl.the 

mouth brooders were found to have fewer and larger eggs than the 

guarders* These studies suggest that parental care has profound 

•effect on the number of eggs produced, as it ujould be easier.for 

the fish to take ca^e of their eggs and young ones, if they are 

less in number. Since, this species (C_, gachua) is known to build 

nest and guard their young ones (Mookerjee e_t, a_l.. 1950), may be 

the reason of loujer fecundity. 

It is often assumed that fecundity and egg size are nega­

tively correlated (Bagenal, 1971 ), The relationship is complica­

ted by ujhat appears to be a general tendency for fish luhich 

spawn later in the season to lay smaller than average eggs, 

Accordingly to him, since the egg size and parent length are 

usually positively correlated, suggest that the larger fish 

spawn first, however, this has been found to be true only for 
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some fishes but not for all. Simpson (1959) shoiued clearly that 

older plaice spaiun first, but in contrast the older individuals 

of perch spaiun later. In the present study too, it has been ob­

served that the egg size-̂ and parent length are positively corre­

lated • 

McFadyen e_t_ â .. (1965) found that trout from infertile 

streams-had a loiuer egg production. Differences in age at first 

spawning and growth rate, together uuith an actual lower fecundity 

all led to a loujsr reproductive rate than in fertile streams. 

Leggett and Power (1969) correlated fecundity and food supply 

with hand locked salmon. The fecundity variations reported by 

Bagenal (1971 ), Raitt (1968).and Hooder (1965) were associated 

with food through population density. Nikolsky (19615 1969) men­

tioned a number of Russian papers associating food supply and 

fecundity and the relationship of nutrition and fecundity were 

reviewed by Woodhead (i960). In the present study, variations 

in relative fecundity can be related to food availability, as 

the stream population had a lower relative fecundity than the 

pond population, since the stream is less productive in compari­

son to the pond, thus leading to lower relative fecundity in 

stream population than the pond population. Thus, relative fecu­

ndity can be associated with the food availability, which is 

also supported by certain experimental works (Scott, 1962; Hes­

ter, 1964J Bagenal, 1969; and Wottan, 1973) relating food to 

fecundity oonfirm^ing the low food intake leading to lower num­

ber of eggs. 

Several environmental effects on fecundity are believed 

to act through the food supply. Hodder (1965) suggested that the 

fecundity differences of grand banks Haddock were associated 



TABLE 35 

COMPARATIVE VALUES OF FECUNDITY IN DIFFERENT AIR-BREATHING 
TELEOSTS FROM INDIA • 

F^SH SPECIES 

Heteropneustes fossilla 

Clarias batfachus 

^^arias^ batrachus 

flnabas' testudineus 

Netoptgrus notoptsrus 

OphicBfjhalus marulius 

2.« 3triatu3 

0,. 3trlatU3 

0.. striatua 

£• qac:huâ  

Chanpa, gachua (Pond) 

Channa' q'a.Lhua (Stream) 

TOTAL NO. OF 
OUA 

(FECUNDITY) 

AUTHORS 

2843 - 44723 ' Bhargana ( 1 9 7 1 ) . 

11612 Mooker jea and 
Mazumdar ( 1 9 5 0 ) . 

1000 - 20000 Thakur ( 1 9 7 4 ) . 

4588 - 34993 B a n e r j i and Prasad 
( 1 9 7 4 ) . 

175 - 1188 Paramesiuaran and 
Slnha (1966), 

1799 - 38375 Paramesiuaran (1974). 

2794 - 28046 Paramesiuaran (1974). 

4422 - 20070 Alikunhi (l953':)c 

5970 - 31114 Sriuastava (l977), 

1500 - 2000 Mookerjee at al.(l950). 

160 - 1170 Present Author . 

243 - 1523 Present Author . 
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with ujater tamperature as in cold luater they concentrate along 

the edge of the banks resulting in ouercro'jjding, ujhich led to a 

food shortage and a louier fecundity. Accordingly in the present 

study, temperature could also be considered as a limiting factor 

affecting fecundity as throughout the study period, the species 

from both the systems mere found to be concentrated along the 

edge of the banks among the marginal vegetation due to louj ujater 

temperature, resulting in ouercrou/ding. This might haue led to a 

food shortage uuhich in turn resulted in low fecundity. 

FOOD AMD FEEDING HABITS 

Based on the numerical method and frequency of occurrence, 

theC^present study reveals that the composition of diet of 

C_. qachua can be divided into the folloujing broad categories l-

(a) Detritus 

(b) Vegetable matter 

(c) Phytoplankton 

(d ) Zooplankton 

Nikolsky (l963) recognised three main categories of food 

on the basis of their importance in the diets of fish. 

(a) Basic food that normally eaten by the fish and com­
prising most'of the stomach contents; 

(b) Secondary food •=• that ujhich is frequently found in 
the stomach, but in smaller amounts; and 

(c) Incidental food - that which is found only rarely 
in the stomach contents. 

Hence, the basic food of C_. qachua as seen from the pre­

sent study can be considered the detritus comprising of about 

57-61^ of the total gut contents. Consequently the secondary 

food of the species, as indicated by the results was vegetable 
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matter, which comprised 26,0% of the gut content. The remain­

ing items ujsre ragarded as incidental food, due to the fact that 

phytoplankton and zooplankton form a uery small fraction of the 

gut contents and occur uuithout any regularity in the different 

months (Tablea 26 & 27)o This indicates that these are probably 

sujallouued along ujith other food material accidently, 

A change in diet with increase in size aiith larger fish 

eating larger food items, has been tuidely reported by Keast 

(1966); Larsen (l967), De Silva (l937), Adams (1976), Kakuda and 

Matsumoto (1978) but in the present study no change in diet is 

observ/ed except that the smaller length groups exhibited the 

presence of maximum numbers of species (Tables 28 & 29), The 

present study has also shown that the percentage of feeding in­

dividuals is higher among the smaller individuals, may be oiuing 

to the fact that metabolic activities are generally higher in 

young ones. Similar results have also been reported for heiring 

(Clupea harenqus) and spent (C_. sprattus) (Hardy, 1924; Marshall 

al §!.• 1939 and De Silva, 1973), 

Feeding in relation to condition factor indicated a clear 

inverse relationship (Figs, 34 & 35) both on a seasonal basis 

and in the various length groups. An inverse relation is also 

observed between the feeding intensity (G.S.I.) and the gonado-

somatic index (Table 32) which could be explained due to the 

spawning season of the fish, as reduced feeding has been reported 

during the spawning season by Wolfret and Miller (l978) for the 

northern pike and spawning brings about a sharp decrease in the 

condition factor (Dacobsen, 1974), 

According to dhingran (1971 ) the principal factor that 
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are likely to affect the monthly variations in the ponderal 

index are generally food and sexual maturity. The data of G.S.I. 

as obtained (Table 30) reflects the assessment of spaujning sea­

son as has also been indicated by the monthly fluctuations in 

the condition factor (Table 20) of the species. 

The feeding intensity declined (Table 30) aiith the prog­

ressive maturation of gonads (Fig. 25) from April to August in 

the case of individuals from the stream, ujhereas from February 

to Duly for pond specimens. Observations on the maturity and 

breeding season of the species (C_. qachua) have-.shoiun that the 

fish breeds from Gune to August (Table 22) iridicating that the 

periods of IOLU feeding intensity coincides aiith the spaujning 

season. The IQUD feeding activity during peak breeding season may 

be attributed to the completely developed ovary, permitting 

limited space in the abdominal cavity for intake of food.,.Fee­

ding intensity increased after the spawning period and attained 

peak in November and February in the case of stream population 

and October and November for pond individuals. 

The coincidence of looi feeding aiith peak breeding has 

been observed by many ujorkers. Hardy (1924), Hickling (1933), 

Fage and Ueillet (1938), Menon (1950) and Desai (1970) have re­

ported a decrease in the rate of feeding and amount of food con­

sumed ujith the maturation of gonads. Bhimachar and George (1952) 

have also referred to the reduced feeding in Indian mackerel, 

Rastralli^qer kanaqurta tuith the progressive maturation of gonads. 

Karekar and Bal (1958) have also noticed the coincidence 

of peak breeding with low feeding phase in Polynemus indicus. 

Ohingran (1961 ) has observed the feeding intensity of Setipinna 

& 
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phasa to decline during its peak breeding season. Natarajan and 

Jhingran (1963) ha\/e noted the low lewel of breeding during mat­

uration phase in the case of female Catla catla» 

The observation of feeding intensity in different lengih 

groups in the present study also indicates that feeding intensi­

ty is higher in the smaller length groups, ujhereas larger, (hig­

her) length groups shoiu a decline in the feeding intensity which 

could be due to the' maturation of gonads. 

The diet composition tends to shouj that the species feeds 

mainly on detritus and vegetable matter, Houje\/pr, contrasting ^ 

opinion has been expressed regarding the food preference of this 

species though from different regions by Mookerjee e t alo(l950) 

oiho classified it as a carnovore, rarely taking any vegetable 

matter, unlike the results of the present study. 

According to Moitra (T956) food habits of fish varies ih 

different environments, ujhich may not only be due to the avail­

ability and abundance of particular food items, but also to thsj 

temperature and other ecological and geographical factor. This 

might be the reason of different feeding nature in the present 

case than the report of Mookerjee et_ aj^. (1950). The gut length 

of the species uias found to range from 0.42 to 0,57 and 0.41 to 

0.80 for the individuals from the pond and stream respectively. 

The adaptation of the alimentary canal of fish to their food 

are luell known in regard to the relative length of gut (Sinha, 

1972). 

Accjording to Das and Nath (1965) in a carnivore, the' 

ratio is less than or equal to unity, whereas in herbivore and 

omnivora It is more than unity. Suyehiro (1941 ) and Beumer 
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(1978) ha\te also reportad, louj relative length of gut as typical 

of a carnivore. Accordingly, the ratios ujere calculated for 

C_. qachua which showed a decrease in the relative gut length 

uiith the increase in length of the species. Das and Srivastava 

(1979) have•reported a decrease in RLG values from fingerlings 

to adults in C_. punctatus, No.topterus notopterus and Wallaqo 

attu and correlated this with the change in feeding habits in 

the same ujater bodies at' different stages of life history in 

the same fish, but no such relation could be established in the 

present study, as the diet composition was found to be the same 

in different lengt'h groups of fishes. • 

In the present study the diet composition of Csteoiartii 

showed that the most important food was Ghlorophyceae (47.68/J) 

followed by detritus (l6.17^), Bacillariophyceae (9,61%) and 

Zooplankton (3.94/S). Ganguly e_t_ al_, (l963) have reported that 

£.• stewartii is a surface feeder as well,as carnivore. It pre­

fers Protozoa, Insects and Crustacea along with a good quantity 

of both uni&ellular and multicellular algae, d uring early life 

stages, while insects, Crustacea and fish C.ft'^/feaem the main 

constituents of the diet of the adult. 

In the present study, the diet of C_, punctatus mainly 

consisted or* detritus (54.83^), vegetable matter (l8,51%), Ghlo­

rophyceae (14.845^) and Bacillariophyceae {Q,66%) and Zooplankton 

(2.65%), whepeas Mookerjee £t_ al,. (1950) have reported the same 

species tp be a carnivore. 

Acaording to Dehadrai and Tripathi (1976) the murrels 

are highly predatory and marked piscovorous. The fry in almost. 

all cases f̂ eed heavily on zooplankton, whereas the fingerlings 
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on insect laruae, shrimps and fish fry. Hoiuever, y(Dung(^of Ophi-

cephalus punctatus prefer phytoplankton (Banerjee, 1974), The 

smaller species (0» punctatus and 0_, qachua feed mainly on minn-

ouus and other small fishes, shrimps, insects and occassionally 

molluscs luhile the larger varieties (0_. marulius and 0 .striatus) 

feed mainly on fish, frogs, insects and other live food. All 

these reports reveal that murrels are mainly carnivorous, but 

the present study indicates that murrels of the highlands mainly 

feed on detritus, though occassional presence of zooplankton and 

phytoplankton are indicated. 

Beumer (l978) stated that there exists a relationship 

betujeen the nature of the stomach contents and the feeding str­

ucture, and according to Al-Hussainy (1947) the relative gut 

index is also indicative of the diet, Louj relative gut index 

values are indicative of a carnivorous feeder (Suyehiro, 1941 ). 

Houjever, in the present study, a low relative gut length 

has been observed ujhich is indicative of carnivorous nature of 

feeding (Suyshiro, 1941), but on the other hand C_, qachua was 

not found to be purely carnivorous, a large portion of the diet 

luas composed of detritus, Odum (1968) reported that high R,G.I, 

is typical of a detritus feeder. Hence, it can be said that the 

detritus feeding habits of Channids in the highlands of Shillong, 

unlike the Channids of loiuer altitudes, might be an adaptation 

to higher altitude OLuing to the absence or poor presence of 

animal matter in these ujater bodies. Houuever, the present resu­

lts supports the vieuj of Nikolskii (1969) that the fish fauna 

of high latitudes are usually adapted to eating various types 

of food, on account of the high variability of the available 
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food. The range of food organisms may vary greatly from area to 

area, even as regarda to principal food, specially in freshuiater 

conditions. Representative of associations from high altitudes 

are usually at an advantage aihen the food base iSQlabile, since 

they tend to be eu^yphagoUs; conversely, those from the loiuer 

latitudes are so ujhen the food base is stable. 



CHAPTER IV 

SUMMARY & CONCLUSION 



S U M M A R Y A N D C O N C L U S I O 

Keeping in vieuj, the basic necessity to haue a knoiuledga 

on the structure of lotic and lentic ecosystems and on the bio­

logy of air breathing fishes adapted in sucl; systems at higher 

altitude of the country, coupled with its great(5 economic .impor­

tance and also •becausa of the fast gaining popularity of cultu-

ring air-breathing fishes, the present investigation has been 

undertaken. The thesis entitled "Studies on some aspects of the 

Biology and Ecology of Channa gachua (Ham.) and Channa staiuar-

tii (Playfair)" embodies the results obtained during the inues-

tigation, a summary and conclusion of luhich are presented belouu. 

The water temperature in both the systems shoujed a close 

affinity with the atmospheric tempeTature, The conductiuity 
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values fluctuated ujidel/ vuithout shouuing any definite oscilla­

tion. Further, it has been obserued that conductivity and alkali­

nity shoujed a someujhat direct relationship in the pond vuater un­

like the.:stream uuater ujhere the case was reverse. It has also 

been noticed that louj pH values corresponded with high conducti­

vity Values. The pH values always remained below 7.0 or in other 

words, in the acidic range in both the systems. An inverse rela­

tionship has been observed between free CO^ and pH. Higher pH 

value during winter and post winter season indicate higher pho-

tosynthetic activity than community respiration, which might be 

due to the availability of sufficient solar radiation resulting 

from cloudless sky. 

The results indicate that the main source of free C0„ of 

the-water in both the. systems seems to be the decomposing as 

well as respiratory processes of the organisms present in the 

system. It is also evident that C0„ concentration of the water 

controls the pH, bicarbonate and carbonate alkalinity of the 

water.' 

The dissolved oxygen concentration-were found to vary 

inversely with-the temperature and free CO^, However, it may be 

concluded that oxygen content of these water bodies mainly dep­

ended on the following factors :-

(a) Law of solubility of gaseous exchange; 

(b) Photosynthstic activities; 

(c) Respiration; 

(d) Intensity of illumination; and 

(e) Wind action,' 

. The nutrient condition in both the systems was found to 

be quite ppor. An inverse relationship has been observed bet­

ween phosphate and dissolved oxygen concentration in both the 
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systems. This might be due to the fact that ujhen there is lack 

of oxygen in luater bodies particularly in the sediments, iron is 

reduced from the ferric to the ferrous state, releasing phosphat 

into aiater. It may be assumed that the main source of nitrates 

in the systems may be the decomposing organic matter, not the 

plankton as the former aias present in large quantities than the 

plankton* An inverse relationship has been observed betujeen 

nitrate and temperature, ujhich suggests that temperature has a 

profound effect on nitrate concentration in waters. The silicate 

content of the luater was found to vary inversely with free C0„. 

It has also been observed that peaks of diatom population corr** 

espond with low levels of silicate in the systems. 

In the present study 'T1 species of Chlorophyceae, 5 of 

Bacillariophyceae and 2 of Euglenophyceae inOthe pond and 15 of 

Chlorophyceae, 7 of Bacillariophyceae and 2 of Euglenophyceae 

in ttfer̂ stream have been recorded. Among Zooplankton, Rotifera 

comprised of 4 species in both the systems, whereas Copepoda was 

represented by 3 and 1 species in the pond and stream respect­

ively. Cladocera was represanted by 2 species and interestingly 

enough it could not be recorded from the.pond. The study further 

reveals that the plankton peaks in freshwater bodies of high 

altitudes of India are quite comparable with the spring and 

autumn plankton peaks of the temperate regions. 

In both the systems, phytoplankton showed a numerical 

superiority oveir the zooplankton. It is also apparent from the 

present study that certain species of plankton disappeared at 

certain periods only to reappear later and hence, at no time 

during the year, there was a total absence of plankton. The 

plankton productivity varied .from season to season .in bath• • 

e 
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tha-systems and qualitative variation particularly of zooplankton 

ujera quite identical. 

It can be revealed from the present study that in some 

groups of plankton, the amplitude of rise and fall in quantity 

may not be large enough to produce more than minimal change in 

the total plankton population uuhile in others, the change may be 

so great that a wave of development of a single group may be 

sufficient to dominate the uuhole population. Further, the period 

of quantitative increase- and decrease of the individual may not 

in general, coincide ujith the seasonal minima and maxima of 

the total plankton. It is also clear that the rate of develop­

ment of a pulse may vary greatly, some species may increase 

slouuly and more or less urixformly to the maximum uuhile others 

may shouu a burst of development rising from an apparent absence 

to a numerical dominance of the whole (plankton population oiith* 

in a very short peiiod. An inverse relationship between phyto-

and zooplankton has been observed. 

It is clear that plankton periodicity has been influenced 

by temperature and the seasonal variationc were observed even 

amidst a fairly constant pH and oxygen content of the water. In 

the present study, a high phytoplankton population has been 

observed at low temperature in the stream, whereas, no such 

definite relationship could be observed in the pond suggesting 

that temperature alone is not always a limiting factor for the 

growth of plankton. Availability of food may be another impor­

tant factor responsible for plankton growth which in turn dep­

ends on other abiotic factors'. 

It has been observed that whenever free C0„ was at its 

minimum, percentage composition of zooplankton were found to be 



207 

in higher range, in other ujords zooplankton fluctuated almost 

inversely ujith free C02« Therefore, it c,an be ascertained that 

presence of high quantities of free CO2 have detrimental effect 

on zoo'plankton. Diatoms and silicates shoiued an inverse relatio­

nship luith each other, owing to the fact that they require sili­

con for the manufacture of their shells, hence the available 

supply of silicon from water can be regarded as a matter of real 

consequenceo Apart from this, phosphate also seems to be a limi­

ting factor controlling diatom periodicity. 

In the present study, hoiuever, no very distinct period­

icity in the total plankton could be observed, luhich might be 

due to the reason that the physico-chemical factors in fresh-

ujater bodies undergo frequent changes partially due to changes 

in the meteorological factors which in turn influences the pla­

nkton periodicity. Hence, it can be concluded that plankton pop­

ulation is directlv or indirectly influenced by the seasonal 

Variations in the complexes of abiotic and or biotic factors. 

It is also clear that the annual quantitative abundance of plan-

ktonic populations depends on the succession of appearance and 

disappearance of its component species. 

It may be concluded that no ecosystem is static, which 

further supports the notion of Nasar (1975) that no one can step 

into the same ecosystem twice as the ecosystems is dynamic^ and 

the abiotic and biotic factors not only fluctuates seasonally 

and diurnally, but also each and every moment", 

The result indicates that there exists an intraspecific 

difference in regression equations in various morphometric cha­

racter of C, qachua which may be attributed to diverse ecolo-
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gical and environmental conditions prevalent in both the systems. 

The various meristic counts of C_. qachua made during the present 

study did not shouj marked intraspecific differences* The results 

of the biometiic study for C_. qachua reveal that Eye-diameter 

becomes smaller in relation to Head length and inter-orbital 

ujidth as the species groujs in length. With regard to C«steiuartii 

and C_, punctatus also, the eye diameter becomes progressively 

smaller in relation to head length and inter-orbital ujidth as 

the fish grows. But pectoral fins unlike C^» qachua do not exhi­

bit any negative allometry in relation to head length. 

From the results obtained on length-ujeight relationship 

it is evident that there exists an intraspecific variation in 

the exponential value ("b"). Since the "b" values in C.steujartii 

and C_, punctatus approximates the cube lauj, but are less than 

three, thereby shoujing allometric groujth, unlike C, qachua. The 

present result ujher compared ujith the results obtained by others 

for air-breathing fishes reveal that the "b" values in almost 

all the species of Channids approximates the cube lauj, hence, 

the fishes of this group can be considered as "ideal". 

The condition factor of C_, qachua at different length 

groups as ujell as during different months, has been calculated 

and fluctuations therein luere discussed in relation to maturity 

and feeding rhythms. The results of condition factor indicates 

that the "K" value is much higher in smaller fishes than the 

bigger ones. It is also clear from the study that the limiting 

factors for "K" value are not only the gonadal maturity and gut 

conterats, but some other environmental factors, also seems to 

be responsible. 
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Studies on maturity indicate that both the males and the 

females mature at the same time and hence the fishQ has a simi­

lar breeding period i.e. Dune to August vuith just one spawning 

season during an annual cycle. The occurrence of ripe specimens 

is restricted only during June to August ujhich also clearly in­

dicates about the spawning season of the species in this region., 

This is also supported by the results obtained on the GnnPS.I., 

of the fisheso It has been observed that 50% individuals (l̂ cn) 

mature at 51.0-55.0 mm length group in both the systems. The 

Gn.S.I. values shouued a tendency to increase ujith the increase 

in length. The seasonal peaks in the mean Gn.S.I. values coin­

cided ujxth the peaks in the present occurrence of mature indivir-

duals, hence, Gn.S.I. can be used as an index of gonadal devel­

opment. 

The feeiundity of C_. qachua mas observed to range from 

160 to 1170 eggs in the specimens of 60.0 to 96.0 mm in length 

from'the pond, ujhereas it ranged from 243=1523 eggs in the spe­

cimens ranging 77.0 to 87.0 mm in length from the stream. Fur­

ther, the logarithmic relationships between fecundity of C .qachua 

and its length, body uueight and ovary weight were found to be 

linear. The relative fecundity on an average basis was found to 

be lower in the stream population than the pond population. 

Fecundity estimates suggests that C_. qachua is not very fecund 

in comparison to other species which might be due to the fact 

that the species shouj parental care. 

According to.the present study, temperature could be 

considered aS a- limiting factor affecting fecundity as through­

out the study period the fish in both the systems were found to 

be concentrated along the edge of the banks among the marginal 
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vegatation. This might be due to IOLU ujatar temperature resulting 

in ouercroujding luhich led to a food shortage which in turn resu­

lted in lou/ fecundity. 

Based on numerical and frequency of occurrence methods, 

the diet composition of C^, qachua can be divided into the foll-

ouuing four broad categories : (a) Detritus (b) Uegetable matter 

(c) Phytoplankton and (d) Zooplankton. The louj feeding intensity 

coincided with the spawning season and such a case may be attri­

buted to the completely developed gonad permitting limited space 

in the abdominal cavity resulting in less intake of food. It is 

further clear that the feeding intensity in C« qachua is higher 

in the smaller length groups than the higher lengtti groups. The 

present study reveals that the detritus feeding habit's of Chan-

nids in the highlands of Shillong unlike the lower altitudes 

might be an adaptation of the species to higher altitude owing 

to the relatively poor presence of animal matter in these water 

bodies. 

From the results obtained during the present investiga­

tion and the breeding discussions, the following generalization 

can be made with regards to the ecology of fishes. It can be 

said that fish populations are a part of the ecosystem, which 

are affected by the chemical and physical factors while funct­

ioning within the system through biotic especially trophic in­

terrelationships which supports the view of Weatherley, 1972. 

Temperature of the water, therefore, ib of enormous significance 

in the life of a fish. Fishes being poikilotherms, are more 

dependent on the temperature of their ĥ bTitâ t- i^vKi their 
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surrounding water than homoithermal animals. According to IMikol-

aky (l963), in majority of fishes, the body, temperature differs 

from that of the surrounding ujater by only 0,5-1 °C and changes 

in the metabolic rate are most closely associated uuith changes 

in the temperature of the surrounding water. In many cases, 

changes in the temperature function as a signalling factor, a 
••a 

natural stimulus which determines the start of some process such 

as spauining., migration and so on. The rate of dev/elopment of 

fishes is also related to a significant extent to changes in the 

temperature.. Within the limits of a certain amplitude of tempe­

rature, there frequently occurs a direct relation between the 

rate of dev/elopment and the change in temperature. Growth rate 

is closely related to temperature and many, probably most, spec­

ies do not grow at all during winter (Hynes, 1970). Temperature 

has always been considered as an important ecological factor 

and for particularly stream fishes it is an important one which 

limits both broad geographical distribution and local occurre­

nces within a single water course. Besides, the adaptation of a 

fish to a particular temperature (high or low), the amplitude 

of fiujctuation of the temperature at which fishes of the same 

species can live are extremely important. This amplitude of tem­

perature varies considerably from one species to another as is 

evident from the distributional records of Chantiids. If the to­

tal amplitude of the temperature at which a species of fish can 

live is very great, it is significantly less for each stage of 

development,. Fishes also react differently to temperature fluc­

tuations, according to their biological condition. The timing 

and extent of temperature changes are also important, as they 

often control breeding. Hence, the optimal temperature to which" 

a fish adapt can also be considered a species characteristics. 
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The present study further corroborates the vieuj of Waatherley 

(1972) that fishes of higher lacitudes have euolued a metabolic 

type Luhich enables them to feed successfully at uery louy temper­

atures unlike the fishes of loaier latitudes. Within the limits 

of the optimal temperature for a given species, a rise in tempe­

rature Usually leads to an increase in the rate of digestion. 

The gaseous metabolism of fishes also changes considerably 

as the temperature varies. Since the fish is adapted to life at 

a particular temperature, it is natural that its distribution in 

the water cujould be related to that of the temperature. As the 

temperature changes both seasonally and secularly, the distribu­

tion of the fish also changes. One may judge the adaptation of 

separate species of fishes to particLilar temperatures visually, 

from the curves shoujing the- frequency of occurrence of each spe­

cies in relation to the distribution of temperatures. Thus the 

relationship betaieen the distribution of separate species and 

the temperature is very strong, 

Adaptive changes ujhich occurs in fishes uihen the tempera­

ture varies, are also connected o/ith some morphological recon­

struction. Therefore, the adaptive reaction to variations in 

the temperature, salinity, the density of the ujater and so on 

appears as Variations in the number of caudal zone vertebrae, 

and in the number of rays in the unpaired fins. In 1909, PusJî eT 

(op > cit. IMikolsky, 1963) suggested that the aquatic organisms 

can live not only by eating particulate food, but also by assi­

milating salts and organic matter dissolved in the water, which 

permeated into the body across its walls. Many of the salts 

dissolved in the water exert a fundamentally indirect effect 

upon fish, by influencing the food organisms or even their food, 
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The organic matter transported by rivers, particularly during 

the flood period, ensures a rich dBVelopmsnt of the various org­

anisms ujhich form the food of fishes in the estuarine region. 

The presence of substances dissolved in the luatsr luhich 

are' not normal constituents of freshuJater, but ujhich enter it as 

the result of various human activities such as tree felling, 

industrial effluents, pollution by oil, processing of mineral 

ores, and so on, has become particularly important to fishes. 

The effects of other dissolved compounds luhich enter the mater, 

both organic and inorganic, are also rather variable in fact the 

majority of them effect primarily the course of respiration. 

Like all other animalsj fishes cannot live tuithout the 

access of oxygen to the organism through its blood, vuhich ensu­

res the metabolism and thereby the life of the fish. Naturally 

therefore, the cessation of access of oxygen to the blood- leads 

to the death of the fish in a short time. Only a few species, 

living in waters in uihich for various reasons, there frequently 

develops an oxygen deficit, are adapted to breathing atmospheric 

air. In the Murrels (Ophicephalidae), the epibranchial organ is 

represented by paired outgroujths in the pharynx. The walls of 

these outgrowths are very rich in blood capillaries. According 

to Nikolsky (1963), the Snake-head Ophicephalus striatus Bl. 

dies from lack of oxygen in 30-197 minutes when prevented from 

reaching the surface. Apparently young snake heads die sooner 

from suffocation than older ones. The majority of fishes which 

are adapted to breathing atmospheric air are inhabitant's of sub­

tropical and tropical latitudes, and only, few live in the waters 

of temperate and high latitudes. 
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Apart from oxygen, other gases are also of considerable 

importance to fishes. It is tueli known that CÔ ) euen in relativ 

ely small doses causes the death of fishes which might be the 

reason of poor population of the fish (Channids) in these systems 

as the CO2 (free) concentrat'ion was quite high than the water 

bodies of lower latitudes in general. The mechanism of the action 

of carbon-dioxide upon fish like other animals consists of the 

reduction of the bloods capacity to absorbs oxygen. The amount 

of CO2 in the water is directly proportional to the pH, changes 

in which also hav/e a severe effect upon fishes. As the acidity 

of the water increases, the rate of metabolism falls, although 

the respiratory rhythm increases in more acid water compared to 

either neutral or alkaline. 

Fishes are adapted to moving through both still and flow­

ing water and the body shape, fin structure and certain other 

features in the structure of the fish are connected with this. 

Fishes of the family Channidae are snake-shaped ija. the body is 

much elongated, transverse section almost circular and are usua­

lly inhabitants of weeds. 

Forma belonging to the same species, but living in flow» 

ing and stagnant waters, differ in their adaptation to currents. 

River currents affect the fish organism not only mechanically, 

but through the medium of other factors. Usually, water masses 

with fast currents are characterized by super saturation with 

oxygen. For <;his reason rheophilic fishes are also at the same 

time oxyphilic i.e. they require plenty of oxygen and conver­

sely fishes which inhabit slowly flowing a stagnant waters are 

Usually adapted to a different oxygen regime ai.J can withstand 

an oxygan deficit batter. 
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Not all the fishes of rapid luatsr are sujimmers, many main­

tain themselues close to the bottom or in shelter under and beh'=> 

ind stones (Hynes, 1970), In the present study too, the Channa 

species from the stream vuere found to maintain themselves close 

to the bottom and in sheltered areas under stones and marginal 

vegetation. These fishes living on t he bottom or stony substrata 

are dark coloured and more usually (boldly) mottled so that they 

blend into the background, Hynes (1970) reported that fishes 

can exert some control over their colour, becoming paler.on pale 

coloured backgrounds and no stream fish can match the spectacu­

lar performance of the plaice, tuhich can adjust fairly rapidly, 

The food supply has a profound affect on the numbers and 

masses of fish populations. The amount of food eaten determines 

the fecundity of the year classes, as aiell as the gromth rate 

and time of sexual maturity and hence the life span and the 

length of the feeding season in turn is affected by the onset of 

unfavourable conditions. The food supply is, therefore, gover­

ned by the conditions for obtaining and utilising the food and it 

is also dependent on abiotic conditions during the feeding per­

iod, such as temperature, illumination, winds and changes in 

the size of feeding area, 

The icthyo-fauna of high altitudes are usually adapted to 

eating various types of food, on account of the high variability 

of the available food. The range of food organisms may vary 

greatly from area to area, even as regards principal food, es­

pecially in freshmater conditions (Nikolsky, 1969). 
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