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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 exXpense 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-
lsms, depends on its adaptive interaction with its environment
and it is based on the interrelationships with their abiotic and
the biotie environment. Any alteration in the nature of any fune
damental abiotic and or biotic component, inevitably evokes g
reconstruction not for the better but normally for the worse of
the entire system of relationships betwesn the organisms them=
selves and their immediate habitat. The characters of the inter=
dependence of organisms to its natural environment, is known to
be specific not only for the various species, but also for dife
ferent individuals of the same specigs.

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 & developing country like ours., Freshe=
water fishes too, form a vital part of the diets of peopls
throughout the tropics. The fact that the world catch of fish,
which was increasing urtil recently, has now started declining
at an alarming rate, mainly due %o over=sxploitation and other
factors. However, today almost all the inland water bodies ars
undergoing eutrophication, in other words, a step prior to pol-
lution, particularly due to our bergeoning population, growing
advancement in the cultural activities etc. This lays emphasis
on the urgent need to develop these resources fully and to
achieve this, we need to understand the factors governing fish
production,

The application of fisheries sciences and limnology to
Agquaculture has been late in arriving, because these scienceas
themselves had to develop specific ﬁechnical and conceptual
tools in population biology, fish physiology and analysis of
abiotic and biotic component along with nutrient dynamics in
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water. It is this, the growth of scientific approach of aquacule
ture, which may eventually develop intc an applied scientific
discipline.

The Northe=Eastern Hilly Regyions of India are mostly inhg=
bited by tribal people and most of them are meat eaters having
inadequate sources to fulfill the graat protein deficiencies,.
Moreover, it is well knouwn that the tribals of the hilly areas
in Meghalaya (Khasis, Jaintias and Garos) have less land for
agriculture, but 85% of the population subsists on agriculturae.
Apart from animal husbandry and mining of sillimanite, coal etc.
there are no industries in Meghalaya. There isy; however, plenty
of rain and sufficient water bodies to grow fish in this part of
the country. Hence, introduction of fish farming in these highe-
lands would certainly thelp to grow a neuw occupation which will
raise the economic status of small farmers. There is however,
hardly any practical information available on the structure and
function of freshwater acosystems and on the biology of fish
that naturally jrows in thig r2qgion,

There is a paucity of information on the biology and eco=-
logy of the fishes indigenous to the highlands of the Northe-
Eastern part of India and knowledge of these is of utmost impor=-
tance, not only from the academic point of viem, but its utilie
ty in increasing the technological efficiences of the fishery
entreprensurs for svolving judicious management measures in cule
ture operations of these fishes. Hence, on a virtual absence of
scientific kKnowledge on these aspects, prompted to undertake the
Present investigations. It ig therefore, earnestly hoped that
the information embodied in this dissertation, apart from acag-
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 (= Ophi=-
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 presentsd here under the title "Studies On some aspects of
the ecology and biology of Channa gachua (Hamilton) and Channa
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stewartii (Playrair)", and the investigations were carried out
at the Fish Ecology Laboratory, Department of Zoology at the
North=Eastern Hill University, Shiliong, under the supervision
and guidance of DRe« S.A«Ke NASAR, PhuDe,FeAeZeyFeZoSe (Londe).
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GENERAL INTRODUCTION

Ecology may be dsfined broadly as the science of the int-
errelationship betwgen living organisms and their abiotic and
biotic snvironment and emphasizing interspecific as well 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 idesas of their day (Shelford, 1913; Elton,
1927). However, according to Regier (1974) limnologists: and eco-
logists, at least those interested partiouiarly in fish, can tuen

to the writing of their scientific leaders of 50 yesars ago and

not find them obviously outdated.

One of the origins of animal ecology was Shelford's (1913
8arly account which attempted to explain the distribution mainly

on the result of different tolerances and Tesponses of
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organisms to the physico=chamical conditions of ths environment.,
Much work by so called autoecoiogists, is derived from this con=-
ception and it has produced many valuable discoveriss. A major
aim of modern ecologists is to obtain better understanding of
entire functioning of the organisms living in the natural world,
8 can therefore, be said that ecology has a central, rather
than a peripheral role to play in the development of biology
(Weatherley, 1972),

According to Nikolskii (1963 ) the ecology of fishes is
the ssction of Ichthyology in which the mode of 1life of fishes
is investigated namely: the dynamics of fish populations, intra=
specific and interspecific variations, distribution, migrations,
diupnal and ssasonal rhythms in life processes, charactsr of
Pseding intsr=relationships,; reproduction and so on. Naturally,
the mods of life of any organiems (including fishes) is insepa-

rably connected with its structurs and function of its organs.,

it Is ah established fact that the organisms cannot exist
without the snvironment. Any population, species or organism
live at the expense of its enviraonment, without this interaction
1t ceases to exist. The successful existencs and development of
any organism depends on its adaptive interaction with its envie-
ronment. The system of adaptive interactions of fish with its
environment is compossd of interrelationships with the abiotic
and the biotic enviranment, Any alteration in the nature of any
fundamental biotic and or abiotic component in the environment
0f the fish, inevitably evokes a reconstruction not for the
better, but normally for the worss of the sntire system of re=
lationships between the fishes themselves and thsir immediate
habitat. The character of the interdependencs of ths fishes to

its natural environment, is known to be specific not only for
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'fhe Various speciss, but also For different individuals of the
 same Species, The interactiaon of the fishes and the environment
bears an adaptive charactsr and .svery adaptation is specific,
Adaptation is » property directed towards securing the pressrva=
tion and flourishing of the species under which it lives and to
which it adapted itself in the process of its eyvalutign, Hence,
it is obvious that the adaptation to the corresponding bhiotic
and abiotic conditions should be related to morpho=physiological
changes. A species is characterized by a relative morpho=physio~
logo~ecological stability, which is ths result of adaptation to
8 particular environment under the conditions of which the

Species was formed and with which the species is in unity.

the features of the species,:eflect its adaptatiqn to‘ :
Perticular condition of existence. It must be emphq51zed that f
the shgracﬁmr of the interaction of the fish with any particular
- 8lement of its environment depends to g significant extent upon
the condition of the fish itself; its state of nourishment; fat
content; the state of maturity of its gonadssy and so ona. ALl
thess factors are generally taken into account while studying
the interactions of the fish with ‘any particular element of its

abiotic and biotic environment,

The individuals of any species do not reflect all of its
Propertiess The species is a continually changing plurality,
and the very Characfer of this change i.e. the type of its pop=-
ulation dynamics (time of spawning, life span and so on), are
specific features. The variability is greater in species adaptsd
to the more variable conditions, Populations of species which
live under less stable conditions possess a greater amplitude
of variation in those features which are adaptations to the
Varying factor of the environment, whereas populations of spe=

cies which live under more stable conditions possess less
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Variability., The amplitude of varizbility is also an adaptive
property which ensures more favourabls cenditions of iiﬁe for
the population. The amplituds of variztion of the features and
propertiss of 5pacies’with a restricted distribution is usually
less than that of species with a wide distribution. Within the
limits of distribution of the species, ths amplitude of variage=
tion, iike other species properties, ensures the unity of the

species with the snvironment.

The species has a definite area of distribution, within
the limits of which the conditions correspond to its morpho=«
physiologo=scological specificity. The morphological, physiolo=-
gical and ecological properties of the specises are relatively
stable in time. Changes within the species, apart from thoss
connectsd with age and sex, bsar a local charactsr l1e8ey they
are adepted to & particular habitat or to a dsfinits geographi=
cal part of the range of distribution. This variability of group
1s a species adaptation, which ensures either that a greater
Variety of habitats ars occupied or slse a wider geographical

distribution.

Population scology is one of the most difficult aspects
of fish biology to study, mostly because of the problems invol=
ved in sampling fish populations adequately. Nevertheless, pop=
Ulation ecology is so important that fisheries research progras
mme have tended to concentrate in this subject area. Much of
this effort has besn directed at determining sizes and fluctua=
tions of exploited fisn populations, and at examining age=stru=
Cture‘and growth rates to arrive at some idea as to whether the
- population is declining, stable or increasing and the impact
fishing is having upon that populations In particular, much

effort has gone into examining the relationships between recru=



5

itment of fish into a fishery and cize of the parent stocke The
tinst generél model of this relationship was developad by Bsver=
ton and Holt (1957). Although this model was applied succsss=
fully to some fisheries, its application to many others was
disastrous, while the study of relationships betwsen stock and
recruitment obviously is enormously important, it is also obvious
that the reasons for such obssrved relationships need to be
understood as well., This is particularly trus since these relag=
tionships are seldom straight forward, primarily because many,

1f not most, factors affecting survival of larval fish are indg~
pendent of the abundance of the larvase The biological factors
are ultimately‘regulated by envircnmental factors, including
ourfents, upwelling and water tempsraturss. As ths importance of
thess relationships becoms apparent more research is being devo-
ted to mechanisms regulating growth and survival of fishes, but
only a small number of specles have besn examined and still feuwer
are wsll understood. Even with more advanced life=history stagss,
much basic information is lacking on FPactors affecting popula=
tion regulation for all but a handfull of species (Moyle st al.,

1979 ),

Views on various aspects of fish population dynamics ars
found to be in many countries, but the problem was of no gensral
concern until the mid=nineteenth century. However, Ber (1854)
was the founder of the modern progressive theaory of productivity
and of fish population dynamics. The theory of population dyna=
mics is a division of the gensral theory of the development of
life, which deals with the laws of reproduction, growth and ths
causss of death of living organisms (Nikolskii, 1969). The main
laws of fish population dynamics as for other organisms ars as
followse. They are concerned with the continuous process of the

replacement of gensrations in time, the birth of a gensration,
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its growth and death. The details of the process are governed by
specific adaptations and by the relationships of the ysars with

the environment,

According to Regier {1974), with vsry notable exceptions,
fish biologists have tended to specialize at one particular layel
0f organization, most at the organism, some at the population
and fswer at +he community level. The population dynamics of co=
mmercially valuabls organisms is now primarily applied to the
problem of providing their maximum yieldes This entails s study
Of the productivity of the biosphere as a whole, which in turn
involves the solution of various blological problsmse. The dig=
lectical materialistic theory of development should be the basis
of a progressive thesoritical population dynamics for fish and
other organisms, especially ideas such as the unity of ah organe
ism. with itsg enviranment, the reality of a species, the adap=
tive significancs of all species features, discontinuous conti-

nuity (stages) and so on.

It is well known that the unity of any organism and
8nvironment repressnts a system of adaptive relations betwean
the organism and the biotic and abiotic parts of its snviron-
mente The dominant relations are not fixed but are dependent
0n all ‘the other links in the system, They change during onto-

genesis and may differ betwesn populations of the same speciss.

All the relations with the environment affect the prog=
ress of development and are adaptive in nature. Adaptation is a
Peature that ensures the survival of the species under the con=
ditions to which it is sxposed (Nikolskii, 1969). According to
Regisr (1974 )a field scologist intending to study fish is

faced at the outset with ths task of locating these creaturss

in an alisn and largsly opaqus environment. Recently Kerr (1980)
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.expreseed that the nichs Corcept provides a usefyl framswork

for analysis at the interface betuwsen organism and environment,
By deFinition, all scologists havs a commen  interest in analy=
8ls at the level of biological organization. Fisheries scology
is no exception, Dembmstrablyy fisheries ecology has long pPOSS=
8ssed g theoritically sound,'extremely developed and eminently
Practical niche concept which in all put name, anticipated and
Considerably antedates the contemporary visws of theoritical
eoOiogy. Accordingly, it ig convenient to distinguish an "academic !

and a "fishgrieggt (applied) approach to niche analysis.

These sams Irsasons had relatively little appgsal for fighe
8ries ecologists. In the first place, fishsriss scientists arsg
not often concerned with ultimate causes or squilibrium systems,
The Immediacy and directness of the pressing problems in fisher-
ies require proxXimate solutions, scaled in physiological or dg-
flographic time, rather than 1n evolutionary time., Secondly and
pPerhaps mors importantly, fisheries ecology alrsady possessed g
well dsveloped approach to analysis at the interface betwesn the
Otganism and snvironment. There was o record to adopt the relg-
tively abstract and less practical approach of the theoritical

8cologists,

The basic fisheries approach was sset out in detail by Fry
(1947) and later expanded and refined by him and others (Fry,

1957, 1971, 197s; Alderdice, 1972; Brett, 1979), Fry's approach

—lia’a&lm\g since bsen the standard for analysis of snvironmental

F Factors in Fisheries and has found a wide range of applications,

]

;
E:I

S0 much so that its origins are sometimes forgotten. Its sssene
tial charactsristic is that it derives from autocology., It is
PRimarily concerned with categorizing environmental factors

according to their effects on the activities of organisms, as

fi8asured by standard, physiological techniques.
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The Fry's method providss ssveral useful advantages. It

bles precise description of the lethal limits of 3 givaen

actor to a specific o*ganlsma In Fry's terms, ths zone within

18 "1n01plent lathal leV&l%” of a givsn factor defines the

'¢zbne of tolsrance™ of the organism. Except that he did not

plicitly extrapolate the zone of tolerance

"nespace' and
‘ _11 it a "nighe", Additionally,

Fry's methodology allowed pre=
ée definition of a "zone of resistance® surrounding the zone

tolerance, reflecting the time dependent capacities of organe

mns to surv1ve levels of a fPactor which would be lethal, if

prolongsd 1ndeF1nltely. This provision and the ability to

DIOClSGlyg is essential

mesasure

to many analysis of non=equilibrium

%ﬁuations, as for example trout briefly penetrating the thermo-

fﬁﬂe to feed beyond their incipient lsthal témperature.

Most significantly, Fry's approach enables Useful analy=

beyond mere survival. His approach recognizes the metabolic

is for thse activities of organisms, prov1olmg the conceptual

;ndatlon for categorization

and measuremsnt of the effects of
h w3 : -
ernal factors aon the Capacities of organisms to function spee-

ically, Fry {1957) defined tne metabolic "scope for actiyie

%3", which is the net metabolic latitude that an organism is

8 to expend, at a given conjuncticn of environmental varige

Sy beyond the bases prersquisites for its mers survival. That

% hs‘provided & common measure, in units of energy expenditure

the capacities of organisms to mount ussful activities at any

t within their zonss of tolerance. In effect, Fry provided

iversal method for contensing the niche hyperspacs.

Given thess tools, it is understandabls that fisheries

Dlogists failed to embrace the more recent and less utilita-

alternatives offerred by the academic theoriticians, 1In



g
ct, the academic and fisheries zoproaches outlined abovs ars
t in oppasition9 Apart from failure to eguate "zone of tolepe
ea’ with "niche™, the two schools differ chiefly in that the
ﬁheriesbapproach is moere usefully guantifiable in standard
:;ts of energy expenditure, as oppesed to the various measures
:at’havs been applied :by the academics. However, it seems
vggsonable to conclude tha% fisheries and academic ecologists

Ve independently developed parallsl ard compatible methods of

alysis at the organism environment interface.

In the first place, ecology differs from many scientific

sciplines in that it

it simply dces not possess a coherent and
omprehensive th=orstical base, recent progress notwithstanding.
Sy there is less disciplinary pressure to link the applied
w;th the theoritical, allowidg the verious sub=disciplines of
ology to develop with greater independence than in many other
ientific disciplines. Mloreover, much existing scological theory
8 formed under the evolutionary paradigm that now tends to |
minate academic thought. As discussed previously, their appr=
h often appears remots and unrealistic to the fisheries anal=-
yst, who typically is concernsc with perturbecd systems, often

- from equilibrium, which require proximate scales of analy=-
8. For these and many associated reasons, fisheries and aca=-
ic ecology have tended to develop independently., Unfortunately
 because many instances could be cited of intellectual whesls
ng bsen unneccessarlly reinvented by one or the other sub-
eiplins. More sericusly, one can only guess at ths missed
oretical and analytical opportunities that might have been
;ized from a closs coupling of academic with fisheries eco-
l8gy. Principles of fisheries management must obviously rest

imately on sound ecological theory. On the surface, then it
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would sesm that fisheries and acadzmic eculegists should be

interested in similar problems.

Bardach {1978) argued that the application of fisheries
secisnce and limnology- to aquaculturs has besn lats in arriving,
becauss these sciences themselves had to develop specific tech=
Nical and conceptual tools in population biology, fish physio=-
logy and analysis of nutrient dynamics in water and the like. It
1s this growth, the growth of the scientific approach of agua=
culture, which may eventually develop into an applied scientific

disciplines.

Since fishes are both poikilothermic 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 nther organisms in their environment and
alter the condition of water in various ways especially when
their population dénsity is high, thz relation betwesn organisms
and environment ars far from unidirectional. A study of biology

in fich, offers an ecologist many cpportunities to enquire into

U

the dynamic balance anc the stabes of change in aquatic escosys=

G

tems, Weatherley (1972) stressed that most studies of fish pop=
uUlation dynamics and growth have been restricted to determining
responses of a population to changes in certain Features of ths
anvironment. A limited number of investigations have, however,
taken the visuw that every fish population is a part of an eco-
system, affected by chemical and physical factors while Ffunce-
tioning within the system through bictic especially trophic

inter~relationships.,

It is becoming increasingly clear that wise management

of fishery requirss a considsration of the total aguatic ecosys=
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N a given region, since the coiponents of the gsystem

"‘éct'and lho Frehety Por ons species may affect abundancs

o
S . . . .
distribution of other speclese Hence, there is a need to

mine the basic distribution, abundance and the habitat

iremsnts of the fishes in a particular system. Since air=

hing fishes are in great demand for their nutritive and

apeutic qualities, in recent years, culture of air=breathing

§ 1s gaining a fillip in the country particularly becauss

the need to put vast areas of

swampy and fallow waters: to

’giéte Use for the benefit of mankind without getting invol=

into costly processes of their reclamation.

As mentioned sarlier any programme of fisheries develop=

t presupposes an understand;ng af the salient features of
biology of the species concerned along with their immediate
ironment and its impact on the biclogical aspects of the

cies, While mnst of the species of air=breathing fishes hava

nsively been investigated to a variabls extent, no systema=

studies have so far besn conducted on the species belonging
e family Channidae (= Ophicephalidae),

A basic information on the length=weight relationship,
ological variations, condition factor; maturity, spawning,
and feeding habits etce, in relation to their abiotic and

7p~environmaaiAjﬁrzwzﬁzz%%zﬁﬁzky @5 d7 orgawism can [ive as

d units and the activities which comprise their lives
pendent upon and closely controlled by chemical conditions
ch they live and the popuiations of other organisms with

‘they interact, Hence, on a virtual absence of information

una in cur present=day knowledge on the ecology and big-

of Channids, it has besn aimed in the present investigatiun

a basic information on the general biologyrof Channids
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Morth=Eastern Region of the country,

the highlands of the

Telation to their environment, as it is sssential to be avgle

8 before realistic modsls of fisheries can be developed,

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

Wwater resources ranging from very small ephemaral poals to

Lg perennial ponds, lakes, strsams, thermal springs and rivers,

ead all over the ragion, in & wide range of climatic condie

« An extensive survey on the lenthyo=fauna of this region

1l that both the lotic and lentic scosystems in Shillong,

® a good number of representative of Channids commonly known

ﬁSnake»head" or "Murrels®, This is one of the most valued

of air-breathing fishes of the Indian sub=continent, hencs

acted the attention and prompted to undertake the present

1Ye The family Channidae is‘represented in this part of the
ry by Chanra gachua (Ham.), C. stewartii (Playfair) and
netatus (Bloch),

among which the former is the most common

@s and have adapted themselves in both the lotic and lentic

Keeplng in view, the basic necessity to have a knowledge
Wihe structure of lotic and lsntic ecosystems from the same
phical region and on the biology of the air=breathing

88 adapted in such systems, a study has been undertaksn on

aspects of the biology of ths above mentioned species with

ular reference to Channa gachua (Ham.).

- The study pertains to the specimens of fish collected
a pond and a stream situated in Shillong {(India) during the

from September, 1978 to Auqust, 1979 with emphasis on

“*llowlng t-
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(a) The structurs of a pond and & stream with limnologi=

cal standpoint and impact of the abiotic and biotic

factors on the biology of channids: and

An inter= and intraspeciric comparisons -within

channids orn some aspects of the important biological

parameters,



