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PREFACE



The unity of organisms and their environment is the basic
principle of modern scology. 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 succe
essful existence and dsvelopment of any Fish,'like other organ-
isms, depsnds on its adasptive interaction with its environment
and it is based 6n tha interrelationships with their abiotic and
the biotiec environment. Any altsration in the nature of any fun=-
damental abiotic and or biotic component, inevitably-evokes a
reconstruction not for the better but normally for the worse of
the entire system of rslationships betwesn the organisms them=
selves and their immediate habitat., The characters of the inter-
dependence of organisms to its natural environmenﬁ, is known to
be specific not only for the various species, but also for dif=-
ferent individuals of the same speciss.

Fishes have great significance in the life of mankind,
being an impoftant natural source of protein and providing cer-
tain other useful products as well as in the economy of many
nationsy, particularly in a developing country like ours. fFresh=
water fishes too, form a vital part of the diets of people
throughout the trbpicst The fact that the world catch of fish,
which was increasing urtil recently, has now started declining
at an alarming rate, mainly due to ocver=-sxploitation and other
factors. However, today almost all the inland water bodies ars
undergoing'eutrophicaﬁion, 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
Aquaculture has been late in arriving, because these sciences
themselves had to develop specific technical and conceptual
tools in population bisclogy, fi'sh physiology and analysisﬂbfu_,'
abiotic and biotic component along with nutrient dynamics in
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water. It is this, the*gro@th of scientific approach of aquacule-
turs, which may eventually develop intc an applied scientific
discipline. | ' '

The North=Eastern Hilly Regions of India are mostly inha=
bited by tribai'people and most of them are meat eaters having
inadesquate sources to fulfill the gr=at protein deficiencies.
Moreover, it is well known that the tribals of the hilly arsas
in Meghalaya (Khasis, Jaintias and Garos) have less land for
agricuiture, but 85% of the population subsists on agriculturas.
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 high-
lands would certainly help to grow a new 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 sceosystems and on the biology of figh

that naturally grows in this rz2qgion.

There is a paucity of information on the biology and &co=
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 view, but its utili=
ty in increasing the technolmngical efficiences of the fishery

entreprensurs for svolving judicious management measures in cul-

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

scientific knowledge on thess 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 (= Ophi-
cephalids) commonly known as hMurrsls" 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 (Meg?-
alaya), India. The results obtainmed during the present study
are presented here under the title "Studies on some gspects of

the ecology and biclogy of Channa gachua (Hamilton) and Channa
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stewartii (Playtair)", and the investigations were carried out
at the Fish Ecology Laboratory, Department of Zoology at the
North=Eastern Hill University, Shiliong, under the supsrvision
and guidance of DRe SeAsKe NASAR, PheDeyFeAeZeysFeZoSs (Londe).

*0 000
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CHAPTER I

GENERAL INTRODUCTION



GENERAL . I NTRODUCTIORN

Ecolaogy ma? be defined broadly as the science of the int=-
errelationship bstwgen liv%ng organisms and their abiotic and
biotic environment and emphasizing interspecific as wsell as in=
trasﬁecific relations. This scisnce has undergone p;ofounﬁ
changes as far as range and scope are concerned, since the pub=-
lication of certain pioneering studies on synthesis of the seco=-
logical Pacts and ideas of their day (Shelford, 1913; Elton,
1927). However, according to Regier (1974) limnologists:and eco=-
logists, at least those interested particuiarly in fish, can turn
to the writing of their scientifio legaders of 50 ysars ago and‘

not find them obviously outdated.

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

on the result of  difPerent tolerances and responses of



o
organisms to the phyeico-chemieal conditions of the snvironment,
Muoh work by so called autoeodiogists, is derived from this con=
ceotion and it has oroduoed many'Valuable discoveries.‘A major
aim of modern ecclogists-is to obtain better undsrstanding of
entirs functioning of the organisms living in the natural world.
It can thsrefors, be said that ecology has a gentral, rather |
than a peripheral role te play in the development of biology
'(Weetherley, 1972).

According to Nikolskii (1963) the scology of fishes is

~the section of Ichthyology in which the mode of 1life of fishes
is investigated namely: the dynamics of fish populations, intra=-
specific and interspecific veriations, distribution, migrations,
diu?nal and seesonal rhythms 1n li?e processes, character of

?eeding inter—relationehipq, reproduetion and so bn. Naturaily,
the mods of life of any organiems (inoludlng Flshes) is insepa-‘

rably connectad wlth 1ts structure and function of tﬁs organs.

It is an established fact that the organisms cannot exist
withoot the environment. Any populagion, species or organism
‘live .at the expenss of its: snvironment, withoot-thie;interaction
it ceases to exist. The successful existence and development of
any organism depends on its edaptive.interaction with its snvi=-
ronment. The system of adaptive interactions of fish with its
snvironment is composed of interrelationships with the abiotic
and the blOth env1ronment Any alteration in the nature of any
Fundamental biotic and or abiotic component in the environment
of the Fieh, inevitably svokes a reconstrUction not for the
better, but normaily for the worss of the entire systam of re-
latlonshlps between the Flehes themselvee and their 1mmed1ate
habltat. The character of the 1nterdepebdence oF the Flshee to‘

its natural snvironment, is known to be specific not aonly for
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the various speciss, but also for different individuals of the
game épacies. The interactiaon of the fishes and the environment
besars an adaptive charactser anaAaOery adaptation is specific.
Adéptation is a propsrty directed towards se¢uring.thelpreserva-
tion and floufishing of the specids undsr which it lives and to
which it adapted itself in.the process of its(levabutidm. Hencs,
it is obvious that the adaptation to the corresponding biotlc
and abiotic conditions should be related to morpho=physiclogical
changes. A speciés is characterizsed by a relative morpho=physio=~
logo=ecological stability, which is the result of adaptation to
a particular environment under the conditions of which the

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

CEP% features of the speciesﬁ:eflect"its_adaptatiqn”toz‘ﬁ

COZD & A0
particular conditign of exiagggg%ﬁﬁlt mgst_bgrg@phasized that .

¢ C:Q,J o
the 9@?58»‘63 Qf_?he interaction of the fish with any particular

g o
element of its anvironment depends to a significant extent upon
the condition of the fish itself; its state of nourishment; fat
. content; the state of maturlty of its gonadsj and so on. ALl
these fPactors 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
propertisss The species is alcontinﬁally changing plurality,
and the very charadter of this change ie.e. the type of its pop=-
ulation dynamics (time of spawning, life span-and 80 ‘on), are
gspecific features. The vafiability is gfeater in species adapted
to the more variable conditions. Populations of species which
live under less stable conditiaons possesé a greater amplitude
of variation in thosé Peatures whicﬁ are adaptations to the
varying factor of thse environment, whereas populations of spe-”

cies which live under more stable conditions possess less
i .
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variability, The amplitude of warizbility is also an adaptive
property which ensures more favourabls ccnditions of life for
the populatiaon. The amplitude 'of variztion of the features and
propertiss of species‘with a réstricted distributioh ié-usually
less than that of speéiss with a wide distribution. Within the
limits of distribution of the species, the amplitude of varias
tion, iike other spscies properties, ensurss the unity of the

species with ths environmant.

The species has a definite area of distribution, within
the limits of which the conditions correspond to its morpho=-
physiologo=ecologicél sbeoiﬁicity. The morphological, physioio-
gical and ecological properties Qf the speciss are relativsly
stable in tims. Chénges within the species, apart from thoss
conneéted with age and-sex, bear a local charactsr 1.s8., they
are adapted to s particular habitat or to a definite gsographi-
cal part of thes rangs of distribution. This variability OF group
is a speoiesladaptation, which ensﬁres either‘that a greater
variety of habitats are occupied or slse a wider geographical

distribution.

Population ecology is one of the most difficult aspecﬁs

o% fish biolecgy to study, mostly becauss of the problems invol=
ved in sampling fish populations adequately. Neverthelsss, pop=
ulation ecology is so important that fisheries ressarch progra-
mme have tended to concentratse in this sub ject area. Much of
this effort has been directed ét determining sizes and fluctua=
tions of exploitad fisn populations, and at examihing age=stru=
cturé'and arowth rates to arrive a? some idea as to whether the
population is deciihing,.stable or inc;easing and the impact
fishing is having upon that populaticns In particular,; much

effort Bas gone intc examining the relettonships betwesn recru=
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Iitment-of fish into a Fisheryéand cize of the parent stocke. Thse
first geherél model of this rélationship was developsd by Bever=
ton and Holt (1957). Although this model was applied success-
fully to some fishseies, its dpplication to many others was
disastrous, while the study of relationships betwsen stock and
-recruitment qbviously is enormously impontiant, it 1is also obvious
that the reasons for such obsesrved relationships nesd to be
understood as well. This is partioularly true since these rela=-
tionships are seldom straight forward, primarily becauss many s

if not most, factors affecting survival of larval fish ars indgm
pendent of the abundance of the larvas, Thé biological factors
are ultimately.regulated by envirenmental factors, including
curfents, upwelling and water tempsratures. As the importance of
thess relaﬁiqnships become apparent more research is being devo-
ted to mechanisms regulating growth and survival of fishes, but
oniy a small number of species have been examined and still feuwsr
>are well understood. Even with more advanced life-history stagss,
much basic informaticon is lacking on factors affectingipopulaf
tion regulation for all but a handfull of speciss (Moyle st al.,

1979 ),

Views on various, aspects of fish population dynamics ars
found te be in many countries, but the problem was of no generél
concern until the mid=ninetesnth century. However, Ber (1854)
was the Fqunder of the modern.progressive theory of productivity
and of fish population dynamics. The theory of population dyna-
mics 1s a division of the gensral theory of the development of
iife, which desals with the laws of reproduction, gréwth and the
causes of death of living brganisms (Nikolskii, 1969). The main
laws of fish population dynamics-as for other organisms ars as
follows. They are concernsd with the continuous process of ths

replacement of gensrations in time, the birth of a gensration,
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its growth and death. The details of the process are governsd by
specific adaptations and by the reiationships of the ysars wwith

]
the snvironment.,

According to Regier (1974), with very notable exceptions,
fish bioclogists have tended to specialize at one particular lawel
of organization, most at the orgaﬁism, some at the population
and fewer at the community level. The population dynamics of co=
ﬁmercially valusble organism3 is now primarily apﬁlied to the
problem of providing thelr maximum yield. This entails a study
of the productivity of, the biosphere as a whole, which in turn
involves the solution of various biciogical problsmse. The dia=-
lectibal materiaslistic theory of dévelopment should be‘the basis
of a progressive theoritical popdlation dynamics for fish and-
.other organisms, especially ideas such as the unity of aﬁ organ;
ism. with its envifonment, the reality cf a spsciss, the adap-
tive significancs of all species featurss, discontinuous conti-~

nuity (stages) and so on.

It is weli known that the unity of ahy organism and
environment represents a systsm of adaptive relations betwesn
the organism and the biotic and abiotic parts of its environ-
meht. The dominant relatinns are ngt.?ixad‘but are dependent
on ail'the other links in the system. They change during onto=

genesis and may differ between populations of the same speciss.

All the relations with the environment affect the prog-
ress ‘'of devslopment and ars adaptive in nature. Adaptation is a
Peature that ensures the survival of the species under the can=
ditions to which it is exposed (Nikolskii, 1969). According to
Regier;(197dg a fiesld scologist intending to study f£ish ?s
faced at the outset with ths task of locating thess creatures

in an alisn and largsely opaguse enviréhment; Recently Kerr 0980)
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Bpreseed that the niche corcept ﬁrovides a useful frameswark
for analysis at the intsrface between organism and environment.
By deFinition, all chlbgisté have a commen intersst in analys=
gis at the level of biplqgibal organizaticn. Fisheries scology
islno axception, Dsmbnstrébly, fisheries ecology has long poss=-
essed a theoritically ‘sound, extremely developed and sminently
praotiéal niche concept which in all th naﬁé, anticipated and
considerably antsdates the contemporary visws of theorifical
ecqiogy. Accordingly, it is convenient to distinquish an "academic™

and a "fisheries” (applisd) approach to niche analysise

These same rsasons had relatively little appsal for fish=-
eries ecologists. In the first place, fisheries scientists arel
not often concerned with ultimate causes or squilibrium systems.
The immediacy and directness of the preséing problems in fisher~
ies:require proximate soluticns; scaled in physiological or de=~
mographic time, rather than in evolutionary time. Secondly and
perhaps mors importantly, fisheries ecoloqgy already possessed a
well>d9veloped approach to analysis at the interface betwsen the
organism and envir;nment. There was no record to adépt the rela-

tively abstract and lasss practical approach of the thesoritical

ecologists,

The basic fisherises approaéh was set out in detéil by Fry
(1947) and later expanded and refined by him and others (Fry,
1957, 1971, 19763 Alderdice, 19723 Brett, 1979). Fry's approach
has long since been ths standard for analysis of environmental
Pactors in fisheries and has found a wide rangs of applications,
s0 much so that its origins ére sometimes Forgoﬁten. Its essen=
tial characteristic is that it derives from autocology. It is
primarily concerned with categorizing environmental factors

according to their effacts on the activities of organisms, as

measured by standard, physiological techniques.
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The Fry's method provides saveral useful advantages. It
enables precise descriptiocn of the lethal limits of a givan
Pactor to a specific organism. In Ffry's terms, the zone within
the "ipcipient latﬁal leveis" of a given factor defines fhe
'zone of tolsrance" of the organism. Except that he did not-
explicitly . extrapoléte thé'zbne of tolsrance 'n=spacs' and
call it a "niché". Additiaonally, Fr?‘s methodology allowed prs=
cise definition of a "rone of resistance“ surrounding the zons
of tolerancs, reflecting the time dependent capacities of organ-
isms to survive levels of a factor which would be lethal, if
prolonged indefinite]y. This provision and the ability to measure
itAprecisely9 is esssntial to'many analysis of non=squilibrium
situationsy, as for example trout briefly psnetrating ths thermo=

cline to feed beyond their incipient lsthal témpe;ature.

Most significantly, Fry's approach enables useful analy-
éis beyond mere survival., His approach'reoognizes the metabolic
basis for ths activities of organisms, providing the conceptual
foundation for catsgorization and measurement of the effecta of
external factors on the capacitiss cof organisms to function sgps-
cifically. Fry {1957) defined *hs metabolic “scope for activi=
ties'"y which is the net metabolic latitude that an organism is
able to expend, at a given conjuncticn of environmental varia-
bles, beyohd the bases prersguisites for its mere survival. That
is, he provided a common measuré, in units of snergy expenditure
bf the capacities of organisms to mount ussful activities at any
point within their zonas of tolerznce. In effect, Fry provided

a universal method for oonténsing the niche hyperspacs.

Given thess tools, it is understandable that fisheries
scologists failed to embrace.the more recent and less utilita-

rian alternatives offerred by the academic theoriticians. In
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- fact, the academic and fisheries zoproaches outlined abovs ars.
not in opposition. Apart from failure to eqdate Tzone of toler-
anca® with "niche®™, the tuwo schéols differ chiefly in that the
Fisheries.approach is more usefully guantifiable in standard
units of erergy expendituré; as oppecsed tc-the various measures
that have bsen appliéd :by the academics. However, 1t seems |
réasonable to conclude that fisheries and academic ecologists
have independently developed parallel ard compatible methods of

analysis at the organiem environment interface.
- +

In the first piace, ecology differs from many scientific
disciplines in that it simply dces not possess a coharsnt and
comprshensive theofetical basé, recent progress notwithstandinge.
Thusy, therse is less disciplinary pressure to link the applied

with the theoriticaly allowing the various sub-disciplines of
scology to develop with greater independsnce than in many othsr
'écientific disciplines-. MoreoVer,_chh éxisting scological theory
has formed under the evolutionary paradigm that now tends tov |
dominate academic thought. As discussed previously, their appr-
oach often appesars remocte and unrealistic to the fisheries anal=
yst, who typically is concefned with perturbed systems, oftén
far from equilibrium, which veduire proximate scalss of analy-
sise For these and many'assdoiated reascons, fisheries and aca-
demic ecology have tended tc develop independently. Unfortunatsly
s0, becauss many instances could be cited of intellectual whesls
having been unneccessarily painvented by ons or the other sub~-
discipline. Mors sericusly,.one can only guess at the missed
theoretical and analyti&al opporﬁunities that might have_been
realized from a CiOSQ coupling of academic with Fishéries 8co~-
logye. Principles of fisheries management must obviously rest

ultimately on sound ecological theory. On the surface, then it
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would seem that fisheries and acadzmic escoulcgists should be

interssted in similar problems.

Bardach (1978). argued that the application of fisheries
science and limnology to aguaculture has been late in arriving,
becauss these sciences themselves had to develop spsecific tech=
nical and conceptual tools in population biology, fish physio=
logy and analysis of nutrient dynamics in water and the like. It
is this grouith, 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 mediume. It is well known that since fish affect
the trophic status of.ofher organisms in their environment and
alter thé conditien of water in various mays sspecially when
their population dénsity js high, th=2 reclation between organisms
and snvironment are far from unidireétional. A study of bioloagy
in fieh, offers an ecologist many cpportunities to snquire into
the dynahio balance anc the states of changs in aquatic ecosys=-
tems. Weathesrley (1972) stresssed 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_
snvironment. A limited anber of investigations have, however,
taken the view that every fish population is a part of an eco=
system, affected by chamical and physical factors while func=
tioning within the system through biotic especially trophic

inter~relationships.

It is becoming increasingly clear tnat wise managsment

of fishery requires a considsration of the total aquatic scosys=-
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tem in a given region, since-the 'componénts of the system
interact and the fishery‘For ons §peaies may affect abundancs

- and distribution of other species; Hence, there is a need to
determine the basic digtribution, abundance and the habitat
'fequirements of the fishes in a particular system. Sincg air-
brsathing fishes are "1in great demand for their nutritive and
therapeutic qualitiesy in recent years, culture of air-brsathing
fishes is gaining a fillip in the country particularly bscauss |
~of the need to put vast areas of swampy and fallow waters: to
immediate use for the bensefit of mankind wittht gsfting invol=

ved into costly processes of their reclamation.

As mentioned sarlier any programme of fisheries develop=
ment presupposes an'Pnderstanding of the sdlient features of
the biology of the species concerned alocng with their immediaté
envirdnment and ifs impact on the biclogical aspects of ths
species, While mnst of the speciss of air=breathing fishes hava'
sxtensively been investigated to'a variable extent, no systema-

tic studies have so far besn conducted on the speciss bslonging

to the family Channidae (= Ophicephalidas).

A basic information on the length-=wsight relationship,
horphological variations, condifion factor, maturity, spawning,
food and feeding habits stc., in relation to their abiotic and
biotic environment is indispensabls, as no orgahism can live as
isolated units and the activities which comprise their lives
are dependent upon and closely controlled by chemical conditions
in which they live and the populations of other organisms with
which they interact. Hence, on a virtual absence of information
and lacuna in cur presentudéy knowledgs on the ecology and bio-
logy of Channids, it has bean aimed in the present inVestigatiQn

‘to have a basic information on the general biology of Channids
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From the highlands of the Nurth=tastern Region of the country,
in relation to their environment, aslt is sssential to bs avaie

lable before realistic models of fisheries can bs developed.

The highlands of the North-Castern India is rich in its
freshwater resources ranging from very small sphemeral pools to
big perennial ponds, lakés; streams,'tﬁermal springs and rivers,
spread all over the rwsgion, in & wide rangs of climatic condi-
tiqns; An eétensive éurveyvon the Icnthyo=fauna of this region
reveal that both ths lotic and lentic scosystems in Shillong,

_ have a good number of representatibe of Channids commaonly known
as ""Snake=head" or "Murrels". This is one of. the most valued
group of air-breathing fishes of the Indian sub=continent, hence
attracted the attention and prompted to undertakse the pressnt
study. The family Channidas is represented in this part of the

country by Channa gachua (Ham.), C. stewartii (Playfair) and

Ce punctatus (Bloch), among which the formsr is ths most common
species and have adapted themselves in both the lotic and lentic

systeme.

keeping in visw, the basic recessity to have a knowledge
on the structure of iotic and lsntic ecoéystems F;ém the same
geographical reqion and on the bioiogy of the air=brsathing
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 Channa gachua (Ham.).

The study pertains to the specimens of fish collscted
from a pond and a stream situated in Shillong {India) during the
period from Ssptembsr, 1978 to August, 1979 with emphasis on

§

the following t=~


http://uji.de

(a)

(k)
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The structurs of a pond and & stream with limnologie-
cal standpoint and impact of the abiotic and biotic

factors on the biology of channids; and

An inter~ and intraspecific comparisons -within
channids or some aspects of the important biological

parameters.



" CHAPTER II

ENVIRONMENT OF THE FISH



The traditional way of consicering an scosystem is to
regard if as a self conteined complex system to which energy is
18Upplied in the form of radiatioq.LThis energylpaéses through a
seriss of trophic levels-primary broducers, primary consumsrs,
secondary consumers and so on and it returns basic materials to
their original form. Similar trend, however, does nat apply to
the scosystem 1in running watef, where everything releassd into
solution by metabolisms tends to go downstream and has little
opportunity of being recycled af the spot. The unidirsctional
flow of streams sets their watsers off from lentic habitatse. This
current is a salisgnt feature of stream and therefore, thers is
littles or no opportunity for retention of ions and compounds in

stream except by addition dus to runoff from shores (Reid, 1961 ).
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{Winberg {1963) imglied that the most important goal of
limnology is to study thé circulation 4F materbals especially
organic substances in a body of water. Biotic and abiotic phe=
nomena are of bourse interrelated and the concept of balance is
a major part of this interrelationshipf'Thus, the aim of limno=~
logy is to comprehand and calculate the whole of‘productive and
destructural processes that ars involved in the energy flow. In
brief, it is the scienze of inland waters concerned with all
the factors that influence living populatiohs within fhose wat~-
srs. It includes the study of running water (lotic habitat) as
well as of standing water (léntic‘habitats).(ThUS, the study of
abiotic environment is of utmost importance as the seasonal and
diurnal variations in the physico=-chemical propsrtiss fgym the
substructure upon which the whole framework of biological prode-

uctivity rests.)_

Inland waters ere scologically diverss and only fsw ars
intensively studied. Strsams out number the units of the stan=
ding weter seriess and inveztigations of the running waters par-
ticularly from limnological stand point has lagged bshind that
of lakes and punds. In only few instances sxtansive rssearchses
have besn carried out extensively in relation to pollution as

- has been reportsed by Gaufin and Tarzwell, 1956; Garmsr and

and Broz, 1976 : -

the past decads but most of the intersest howsver, has concentra-
ted on artificial fish ponds. Information on ponds, is rathsr
fragmentary and for the most part widsly scattered in literaturs.

Studies on the scology of ponds have besn mainly descriptive

{e} 360
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with emphasis on seasaonal successiun of the biological compo=
nents and swasonal changes in the physico-chemical parameters
and the ssasonal patterns of changs are not necessarily dupli=-

cated from year to year.

fMost of the available literaturs on tropical freshwatsars
is incomplests as it portrays sither (a) a momentary picture of
the physico=chemical and biological conditions, or (b) are mere
reéordsvof occurrence without adequate desrcriptions of the rela-
ftivs abundance of individual crganisms of sach speciss, or (c)
are confined to a single tank, pond or laks of some particular
geographical region. However, very fesw attempts have been made
to determine the sxact and comparative relationships amongst
various Eomponents of the ecosystems during different seasons

cof an yesarly cycls.

Morsover, such studies relating to Indian freshwaters ars
meagre and majority of these investigations have however, main=
ly dealt with the abiotic Pactors and few biotic factors only
without paying much attention to fishes, which have great signi-
ficancse in the life of mankind, being an important natural sourcs
of protein and ‘also providing certain 6ther useful products, as
well as in. the economics of many nations. Correlation of fish
yields with limnological Féctors in tempsrate regions has recei=-
ved much attention, of course, with moderats success uwhereas

similar analysis arse lacking 1n the tropics.

(In India too, limnological studies in general have bean
the object of research during the last fsw decades but only feuw
have been carrisd out on freshwater ecosystems from higher alti-

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

highlands of ths North~Eastern Region of the country and hence
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the prssent study was vndertaken curing the period from Septem=
ber, 1978 to August, 1979 to elucidate certain important abiotic
aspects of a stream-énd a pond ecosystem situated in Shillong

(Figs 1), together with the biotic factors with spescial referen-
ce to the ficshas beionging to the family Channidas which is com=
mercially ons quthe most important air-breathing fishes to

this region. The aim of this study is to obtain basic informa=
tions oun the physico-chemical factors of the freshwater scosys-
tems of the highlands of Shillong, which will not only be Qseful
in knowing the snvirormental conditions where such fishes thrive
and such information is essential for the propsr propagation and
management of such'fishes in aquaculturs and also from the aca=-

demic point of view.)
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REVIEW OF LITERATURE

Studies rélating to Indian freshwaters sxtend back to the
latter half of last century and were in the nature of pressnting
species lists and descriptions of texa new to the then Indian
sub-continent (Baird, 1859; Anderson, 1889; Bhatia, 19363 Arora,
1931; Prasad, 191635 Edmondson and Hutchinson, 1934; Brehm, 1936;
1950; Hauer, 19%6; 1937a,b). Some of the significant monographs
on algas are those of Desikachary (1959) on Cyanophyta, Philiposs
(1967) on Chlorucoccales, Venkataraman (1961) on Vaucheriaceas
~and of Ramanathan (1954) on Ulotrichales containing extensive

bibliocographics on ths subject.

After about three decades sxtensive research was carried
out by numerous Indian workers, on different freshwater organ-
isms, particularly the zooplankton. These wsre on Protozoa
(Naidu, 1962; 1965), on Rotifers (Donner, 1949; Georgs, 1961a;
Pasha, 19613 Arora, 1962, 1963a,b, 1965, 1966; Nayar, 1965a,
1968; Nayar and Nair; 1971; Michael, 1966, 1973; Naidu, 1967;
Wycliffu and Michasl, 1968; Wulfert, 1966; Vasisht and Gupta,
19673 Vasisht and Dawar, 1968; Vasisht and Bhattish, 1969, 1970,
1971a,b; Rajendran, 19713 Dhanapathi, 1973, 1974, 1975, 1976a,b,
- 19783 Das and Akhter, 1976; Sharma, 1976, 1977, 1978, 1979;
Nasar, 1973; Laal and Nasar, 1977; Tiwari and Sharma, 1977;
Patil, 1978); on Cladocsrans (Biswas, 1964; Nayar, 1971: Michael,
19733 Nasar, 1977d); on Ostracods (Deb, 1972; Nasar and Deb,
1975; Nasar, 1977b; Osb and Nasar, 1977) and othsr Branchiopods

{(Nayar, 1965b; Malhotra and Duda, 19703 Royan, 1972).

(Ihe primary attsmpts on the seasonality of Indian fresh-
water plankton were that of Sewsll (1935) on the fauna of a tank

(pond) in thse Indian Museum Compound, Calcutta. Earlisr Prasad
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(1916) and Pruthi (1933) deccribed the seasonal changes of the
physical and chemical oharaateristicé of the water in the same
system. Following this, theré were a long serigs of hydrobioclo=-
gical studies of freshwater impoundments mostly in ponds and
reservoirs in different parts of the country. Many of thess wsrs
initiated to obtain baseline information of plankton and water
chemistry to be of uss in Fisﬁery practices since it was pointed
out that such a gap proved to bs a serious handicap to Indian

Pishery workers (Hora, 19513 Joh, 1951).

It was around this time that many general limnological
surveys and studies of somewhat regiontl naturs wers published
from various parts ofithe country. Of thess many weranfrom cen=
tral and Northern regions (Das, 1961, 1970; Das and Srivastava,
1956, 1959; Das 8t al.,1969, 1970; George, 1961b, 1966a; Pahua
and Mshrotra, 19663 Krishnamoorthi and’Visweswara, 1965; Khan‘
and Qayyum, 19663 Vasisht, 19663 VUyas and Kumar, 1968; Sahal .
and Sinha, 19693 Unni, 1971;'GrOVBr at ale,1978; Vaas and Zutshi,
19795 Swarup and Singh, 1979; Yousuf, 1979) some from southsrn
India (Ganapati, 1940, 1941, 1943, 1949, 1955, 1960; Chacko and
Krishnamurthy, 1954; Philiposs, 1959; Zafar, 1959, 1964a, 19663
Subbarao and Govind, 1964; Sreenivasan, 1964a, 1968, 1970, 1971;
Seetharamaiah, 1966; Hussainy, 1967; Munawar, 1970; Seenayya,
1971) while ths rést are from sastern India (Michasl, 1965,1969;
Moitra and Bhattacharya, 1965; Moitra and Mukherji, 1972; Saha
et ale; 1971 Nasar and Munshi, 1974, 1975; Jana, 1973a; Nasar

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

Apart from the above gensral works, thers have been sps~
cific studies on zooplankton organiéms as to their scology

(Georgs, 1966a; Bernice, 1970, 1971a, 1972a; Nayar, 1970;
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Moitra and Bhoumick, 1958; Michael, 1968; Nasar, 1977a, 1979),
cyclomorphosis-(wayar, 1965cs Arora, 1966bs George, 1966b;
Sharma, 1976) diurnal variations (Krishnamoorthi aﬁd Uiéweswara,
1965; Michael, 19663 VUsrma, 1967; Sumitra, 1971; Nasar, 1977a),
and on biochamical aspscts (Bernice and Srininasagam, 1967;
Michael_and Chandran, 1967; Bernice, 1971b, 1972b; Khan and
Siddique, 1971a,b), Certain works on the scology of aquatic in-

sects has also besn done (Sen, 1979 )/

General works on the wesd fauna are by Michael (1968) and
on benthos by Mardal and Meitra (1975). In recent years, Psw |
studies on aquatic macrophytes and their production wers conduc=
ted (Kaul, 19713 Unni, 1971a,b; Nasar and Munshi, 1971, 1976,
1978)4 A comparative account of.soil water relationship in
thres tropical ponds was described by Sumitra (1971) and on
Indian thsrmal springs by Jana (1970, 1973b) and Jana and Sarkar
(1971a,b)e Thare lacks a total information at the decomposer

level except a praliminary report by Nasar and Munshi (1980).

Among the functicnal aspects, primary productivity and
snargy Plow studies are the two largeliy attempted arsas of res-
sarch and are based on the well known light-dark Bottle teéhni—
que and their theofetioal computidns respectively .(Srsenivasan,
1963, 1964a,b, 1968; Hussainy, 1967; Ganapati and Sreenivasan,
1970; Kaul, 1971; Khan and Siddiqui, 1971a; Sumitra, 1971;
Nasar and: Munshi, 1975; Michasl and Anselem, 1978; .Nasar and
Sharma, 1980 and Nasar, 1980a ) Recenﬁly Nasar (1979b) studied
the effest of certain urganochlor insecticidss on primary pro-

ductione

The forsgeoing review of literaturs 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 reviewsd in details
due to its divsrsity and moreower, as most of the sarlier works
have not been carried out from limnological view boint. It would
not bs out of place to‘mention'the outstanding sfforts mads by
Nasar (1980b) and Michasl (15€0) to review the limnological
knowledge in India. It is likely that a few other publications
of Indian works might have been omitted due to usual difficul=-

tigs in litserature collection.
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STUDY  AREA4

| The city of Shillong {Fig. 1) is the capital of the Stats
of Meghalaya, situated at an altitude of 4,862 fest above the
sea level and falls at an intarsection of 25°5'N latitude and

91°9'E longituds,

The Meghalaya region is & table land which is the saste-
ward extsnsion of the massive block of the Indian Peninsular
shield from which it has been separated by the Malda gap as a

result of dsnudational and tectonic forces.

The Shillong hills towering above Shillong contain ths
highest peneplancd surfaces trending E.3.E. to W.N.W, of the
central portibn of the plateau proper, over which streams mean=
der before plunging 1into the deep valleys of the Umian and the
Umkhen, The pressnce of many rapids and watsrfalls in the neig-
hbourhood of Shillong indicates that this region has a youthful

topography perhaps due to a recent uplift.

Climate of Shillong := Locational and physiographic factor have

greatly Influenced the climatic charactoristics of Shillong. The
climéte of this regidn diffsrs from that of the Brahmaputra VQl-
ley mainly due fo its high.rélief which, in general, makes the
climate verybsalubrious. Shillong experiences very cold nights
in winter when the temperature goes down to about ﬂ.7°C. The
temperéture saldom rises above 26°C in any part of the year.
During deep wintsr (December-January) 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 averags annual of 7,196 mm which distingufshes

this area climatically from other parts of the Meghalaya. How=
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: TABLE 1
METEOROLOGICAL CONDITIONS OF SHILLONG (MEGHALAYA)

MONTHS AND % TEMPERATURE (°C) RATINFALL %HUMIDITy.

YEAR §MEAN MAX.  VEAN WMIN, §  (mm) (%)

1978
SEPTEMBER 2341 1646 2644 88,5
OCTOBER 2244 1542 50.6 80.0
NOVE MBER 18,5 1043 20.4 69,5
DECEMBER 17.8 ) 744 - 62.0
1979
JANUARY 1642 6.6 01.2 65.5
FEBRUARY 17.9 5.1 25,7 59.5
MARCH 2246 10.4 1147 47,0
APRIL - 25,5 14,8 136.5 61.5
MAY | 2640 1647 56,1 6745
JUNE 25.3 14,4 354.5  81.5
JuLy 23,3 17.8 57240 89,0

"AUGUST 2443 177 127.0 84,5
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evsr, there is a‘grsat variztion of raiﬁfall within this region
from South to North. This is pfimarily because the highsr part
i.s. the Central Upland Zohe having an E-W alignment renders a
rain shadow effect on the areas lying to the narth. Conssquently,
the‘rainfall in Cherrapunji which is located in the structural
platform on the south is as high as 12,033 mm while Shillong
being located only 50 km toc the north witH a réin shadow effect:=
gets only 2,296 mm. This is due to the fact that south=west mone::
soon ladsn with great amount of moisture from the Bay blows ovar
East Pakistan and 1is suddenly cut by the cliffs of the table-
land in the south‘mith'an average slevation above 1,200 m.which
juts out like a psninsula into the surrounding gorges about 600
m deép on eithar sides and as a result the monsoon having resac-
hed the heads of the.gorgés ascends vertically upwards and Cau-
ses heavy‘rainfali, whereas Shillong experiences a rain shadouw
ePfect. The winter months remain almgst dry, whersas July ié the

hottest month with an average temperature of 26°C.

Meteorological condition of the Study Area := Data on certain

metsorological factors for the year 1978-1979 have bsen tabula-
ted in Table~1 and graphically presented in Fige. 3. The metsoro=
logical>data have bean obtained from the Metsorological station,

Upper Shilleng situatsd about 10 kms from the study site.

During the period of study, Shillong expserienced heavy
rainfall From June ta September. June and July wers tha wettest
months (Fig. 3) and expsrienced 354,5 mm and 572.0 mm of rain-
fall respectively. The relativé humidity always remained mors
than 47 percent (Tablel¥1)., The average minimum temperature var=-
ied betwesn 5.1°C in February to 17.8°C in July. The averags

maximum temperature varied from 16.2%C in January to 26.0°C in May .



Fig. 2B:

STREAM

286



Temperature (%)

Relative humidity (%)

Rainfall {(mm)

30}
25

15

90

70]
5 0f
600
400

300}
100}

60

30]

|

[(OMinimum R Maximum

L

S O N DOl J
1978

Fig:3:Climatic conditions of Shillong.

J

A




24

1

Description cf the sifeé_:m A pond and a stream (Fige. 1) wers
seiected for the present investigaticns, situated in Shillong
(25°5'N Latitude and 91°9'f Longituds), at an altituds of 4,862

fPeet above sea levele.

Pond :=~ It is‘shallow inznature, having a maximum depth
of about 1.5 metres, duriné t he monsoon season. The main source
of the pond water is subsurface seepage and rainfall. The pond
harbours a rich growth‘af macrophytic vegetation, which covers

most of the pond basim (Fig. 2A).

Streaﬁ s= This is a hilly torrential stream which is mod=-
erately narrow with a'vérying deptﬁ of 0.5 to 140 metre .and has
a gravelly bottom. For a major part of the year, thers is the
presence of rnoted vegetation on the banks of the stresam (Fig.

28). ‘ ‘
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Samples for the physico=chemical analysis of water and
plankton wsre collected at fortnightly intervals from ths pond
and stream (Fige 24,B) keeping the collection spots same thro=-
ughout the period of study._While taking the samples, all the
precautions wsre taken so that the'watér should be least distur=

be:d .

Samples for the detsrminationiof dissolved oxygen content
were collected in ground glass stoppsred reagant bottles of 125
ml capacity. The samples were fixed immediately at the sites
wiﬁh one ml sach of Manganoue Su%phate (MnSOA) solution and

Alkaline iodids as per ths methods described in A.P.H.A. (1965).

Plankton samples were colléctedrby filtering 50 litres
of water through a plankton net, made of bolting silk (No. 21
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with 77 meshes/sqe.cm.) and were preserved in Lugol's Iodine for

qualitative and guantitativs estimation.

The Folléwing abiotic,parameters wers taken into consi=-
deration in the presanf studys Hydrougen-ion=concentration (pH),
Conductivity, Fres Carbon-dioxide, Dissolved Oxygen, Alkalinity,
Phosphate; Nitrate and- Silicats. All the above mentioned para=

meters were analysed hy the following methods.,

TEMPERATURE : Both the air and watsr temperature wsre measured
with the help of an ordinary mercury thermometer graduated upto

110.0°C.

CONDUCTIVITY : A Conductivity Meter Bridge (Maks = Elico, Modsl

No.CM=82) has been used for measuring conductivity.

DISSOLVED OXYGEN : The dissclved oxygen content of the water
has been determined using the modifisd Wénkler‘s method

(AOPDH.AO1965)“

FREE CARBON~DIUXIDE:: Free carbon-dioxids of water has been
measured according to A.P.H.A. (1965) by titrating a known vol=-
ume of sample against a standard alkali (N/44 Sodium Hydroxide)

using phenolphthalein as an indicator.

HYDROGEN~ION-COMCENTRATION : The pH was recorded in the field
with the help of BDH pH paper (narrow rangs) and thereafter con=
firmed in the laboratory with a Toshniwal pH Meter (Mske Tosh-

niwal, Model No, CL 43),

ALKALINITY : Carbonate and Sicarbonats alkalinity, wsre esstimated
by titration with N/50 SulphurioéAcid using Phenolphthalein and
Methyl Orange as indicator according to A.P.H.A. (1965). Further

differentiations of alkalinitiss due to hydroxids, normal carbo-
"nate and bicarbonats were calculated as per methods describsd

by Welch, 1948,
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PHOSPHATE : Phosphate has baan determined following the methods
described in A.P.H.A. (1965). 2 ml cf the sample has been taken
in a test tube and 1 ml of Ammonium Molybdate and 0.4 ml of Sta=
nnous Chloride solution were added. Colour developed in about 15
minutes and this was compared with the reagent blank at 650 nm.
Simiiarly, standard phosphate solution was pipetted out in diff=
serent test tubes ranging from 0.1 to 1.0 ml. The volume was equ=
alized with distilled water and 1 ml of Ammonium Molybdate and
0.4 ml of Stannous Chloride (SnClz) were added., Colour was allo=
wed to developrat room temperature and Opiical density read off
at 650 nm. By plotting the optical density, a standard graph has
been plotted (Fige. 5) from which the amount of phosphate in the

solution was calculated.

NITRATE This has been also extimated according to thz method
outlined by A.P.He.A. (1965) as follous ¢=

5[0 ml of the sample.was evaporated to drynesse. To the residus,

2 ml of Phenol=disulphonic acid was addad. After 10 mihutes, 40
ml of distilled water and 2 ml of Magnesium Sulphate solution
were added followed by 40% Sodium Hydroxide, which was added
drop by drop until Magnesium Hycdroxide precipitated. Tﬁe Magne -
sium Hydroxide precipitate was removed by filtration through
Whatman No.d? Filter paper, The hydroxide removed by absorption
any coloured organic matter which would otherwise interfers with
the colour match. The Piltrate hss been measured in a Colorime-
ter at 410 nm, against a reagent blank. Similarly, the standard
nitrate solution was treated and a standerd graph plotted, tak-
ing the concentrations on the X=a§is. The amount of Nitrate in

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

SILICATE s It has been determined.spectrophotometrically by
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reduction of silico=meiybdate (Mackereth, 1957), 20 ml of the
-sample was taken in é 50 ml'graduated stoppered volumstric
flask, to which 3 ml of Acid Molybdate reagsnt was added and
mixed; After 10'minu£es,e15 ml of the reducing agent was added
;nd the volume equalizad with distilled watsr. It was allouwed
to stand fPor 3 hours and then the extinction read at 812 nm
against a blank. Silicen content més found out from a standard
graph (Fige 6) oreparsc in the.same way;using known amounts of

silicone

PLANKTON : Various methods have teen employed by limnologists
from time to time for qualitative and quantitative analysis of

plankton as follows :=

(a) By cgunting the individual species (Allen, 1930; Carpenter,
1941).

(b) Estimation of the percentage of the volume.

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

Howéver, in the present study the former method i.s. by
counting individual species has bsen preferrsd and adapted, as

it was found tc be the most satisfacfory and convenient method.

After shaking the vial containing the plankton sample,
a sub=sample of 1 ml was drawn with a wide mouthed pipetts and
poured into a planktan Qodnting cell of 1 (one) ml capacity.
The organisms were enumerated and then represented in absolute

numbers,



The data on the physico=chemical parameters of the pond
and 3the stream have bes=n tabulated in TablesD2 & 3 and wers

illustrated in Figs. 7, 8 & 9,

PHYSICAL CONDITIONS

WATER TEMPERATURE : The tempsrature of ths pond water varisd
from 15.0 in January to 27,0°C in June. for the stream water,

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

CONDUCTIVITY s The conrfuctivity velues fluctuated from a minimum
of 9.45 umhos/cm.-in August to a maximum of 39,30 umhos/em and
from 31,92 in October to 71.4 umhos/cm during June in both the

pond and stream watsr respectively (Fige. 7).
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HYDRDGEN=IDN CONCENTRATION : The pH was found to be on the aci-
dic side tihroughout tﬁe parioc of study.and varied from 4.1
(November) to 641 (January) in the ppnd water, whereas in the
stream, it ranged frcm 4,2 té 8,1 helng ﬁinimum in November and

maximum in Anril (Figs 7).

CHEMICAL CONDITIONS

DISSOLVED OXYGEN s The diesolvad oxygen concentration in the
pond water ranged from 5.0 tu 12.4 mg/l during February and Juns
respectively, whereas in the stream water it ranged from 6.2 to

9.76 mg/l in May and January resoectively (Fige 8).

FREE CARBON<DIOXIDE : The values of free carbon-dioxide were
found to bs in the range of 18.0 to 37.6 mg/l in Decsmbsr and

January respectively in the pund water and from 2.9 in Novembsr

to 18.2 mg/l during May ir the stream water (Fig. 8).

ALKALINITY ¢ The alkalinity values in the pond water ranged from
6.0 in August to 52,0 mg/l in September. In the cass of stream
water, it varied from 8.0 ng/l in February to 40.0 mg/l in

March (Fige 8)-

PHOSPHATE ¢ The dissolved phosphate concentrations ranged from
0.1 mg/l during December, January, February and July to 0,32
mg/1 in April and 0,02 mg/l in March to 0.37 mg/l in June for

the pond and stream water respectively (Fig. 9).

NITRATE .: Nitrate values ranged from 0506 mg/l in June and July
to 0.51 mg/l during January in the pond water and from 0.2 mg/1
in August and May to 2.3 mg/l during April in the stream water

a

(Fige 9).

SILICATE : Silicats values wsre found to filuctuats considerably

from a minimum of 0.1 mg/l in October to a maximum of 5.05 mg/l
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in Decembsr in the case of pond watar, whereas it ranged from

0.5 mg/l in Septembsr to 5.6 mg/l in April in the stream water

(Fige 9)e
PLANKTON

The planktcn composition of the pond and stream waters
comprised of the Chlorophycweae, Bacillariophycease énd Eugleno=
phyceae among the phytcmlanktcn and Rotifera, Copepoda and Cla=
docera (recordsd onlty from the stream) among the zooplanktdnq
The varying percentage composition bFA phyte-~ and zooplankton

have been shown in Tables=4 to 7 and Figs. 10 & 11.

PHYTOPLANKTON

Among phytoplankton, Chlorophyceas formed the most domi=
‘nant group qualitatively as.wall,as,quantitativeiy; as.the mem=
Bérs of this'groﬁp Uere present 211 throuchout ﬁhe year iﬁ varys
iﬁg-percenﬁages both in the pondA(Fig, 12).as well as in the
stfeém (Fig..13). The extent in which their relative percentags
composition ranged are from 1.52 in Anril to 95.28% in August
for pond and 30.68 in Septembsr to 100% (February) in the stream
(Fig. 13), In tha pond water, Chlorophyceas éomprised of Ulothrix

sp.; Spirogyra sp., Scenedssmus sp., and Closterium sp. These did

not‘éhow any definite pattern of seasonal fluctuation.

In the stream, the membsrs of Chlorophyceas showedia riss
in their percentage composition from September onwards to reach
their maximum during the monthé of Decembsr to April,'whereafter
the population reducad, but maintaining uniformly a good popula-

tion (Fig. 13). The most dominant specieé'were Ulogthrix spe,

Microspora sps, Spirogyra sp., Zygnema sp. and Closterium SPe

Bacillaridphyceae was found to be the next in the order



of abundancs. I@s presence was raconrded throughout the ysar in
the pond showing considerable seasonal varistions in its abund=-
ance, being minimum of 4,72% in August and. maximum of 94.74% in
February. Howsver, the Sacillariophyceas population decreassd
quantitatively during the wintsr, but on the onset of sarly
spring, it showed an inoreasing'trehd, reaching psaks in Februavry

and May (Fige 12). The group was mainly dominated by Navicula

Spey gynedra sp. and Diatoma sp., houwsver, Astsrionella SPe ahd

Nitzschia ope. wers also reccrded,

In the stream, Bacillariophyceae was repressntaed by

Navicula spe., Synedia spe.; Fragillaria sp. and Diatoma.sp. It

was found to be pressnt in'varying quantities throughout ths
‘period of the study, excepting February, when members of this
group wers marked by a Complefe absence. Their percentage comp=
osition ranged From 1.13% in Jenuary to 69.31% iR September.
During September to November, tie membersof Bacillariophyceas
were found to be present in good numbers whersafter the psrcen=
tagse ocuﬁrrence reduced to : minimum 2f 1.13% in January. From

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

Euglenophyceas was pressnt in a scattersd manner during
the annual cycle showing their presence only in certain months
and a complets absence in others both in the pond and stream.
Their ﬁercentage composition ranged from 0.30% in Septembser to
8.33% in November in the pond and ranged from 0.25% in December
to 3.7% in November in fhe stream. This group was mainly reprs-
sented by Euglena sp. aad Phacus sp. Phytoplankton formed 94 o 6%
and 98.66% of the total plankton population in the pond and the

stresam respectively.
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ZOOPLANKTON |

In comparison %o phytop]énkton, zooplankton wers much
less both in quality as well as in quantity. In the pond, the
- percentage occurrerce of zooplankﬁon in the total plankton pop=-
ulation varigd from 0.7&% to 33.79%. Rotifsrs dominated during
the winter season and their'perCentage composition gradually
declined to a minimum during summer months, allowing Copepoda to

dominate the population during summer (Fig. 14). Brachionus sp.

and Cyclops sp. ware found to be dominant among the Rotifsra

and Copepoda rospectively. Ths percentage composi%ion of Roti=-
fora ranged from 1.16% in October to 100% inlﬂanuary. The per=
centage compeosition of Copepcda ranged frem 20.0% in  February

to 100% in April and August,

-Rotifera was found to be the most dominant group in ths
- stream ranging from 75% in January %o 100% in October, Fsbruary
and June. A complete atzence has 2sen recorded in the months of

March, April, July and Auqust. (Fig.15). Qualitatively, Rotifera

comprised of Brachionus sp.. Karatella sp., Lecane spe and

Platyias sps. Next in the order of abundance was Copepoda. Its

-~ percentags conposition was founc tec vary from 13,3% in May to

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

in certain manths (Fige 15).

Cladocera was representec by the presence of Bosmina sp.
This group was the least abundant among zooplankton and its pre=-
sance has bsen recorded in the months of September and November
represented by 11,76% to 17.02% of the total zooplankton in the
stream X population. For the rest of the months a complete
abssnce has been observed. The perbehtage occurrencs df zooplan=

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



PHYSICALL CONDITIGNS

DEPTH : The water dapth of both the systems in gensral: depended
directly on the rainfali. They lcst depth durirg the summer
months due to high rate of evaporation of water., Similar vieuw

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

TEMPERATURE : The water temperature showed a claoses affinity with
the atmospheric température. According to Welch (1952) the sha-
llow depth: and large expanss of surface as compared with ths
volume of watery, in gensral tend to follow 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
lowsr latitudss (Zafar, 1955; Ganapati, 1960; Munawar, 1970;

Nasar and Munshi, 1974).
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~ CONDUCTIVITY : The conductivity valuss Fluctuated widely without
showing any definite pattern (Fige. 7). 1t is a well known Ffact
that the conductivity of the water depends upon the substancss
dissolved in it. It has bssn observed the Conductivlty and alka=
linity in the pond water showed a somswhat direct relationship
from September onwards to. April when the seasonal minima and max-
~ima in alkalinity values and ccnductivity values occurred appfo-
ximately at the same timee. From May Lo August, an inversse rela=-
tionship has besn observed (Fige 7)e In the stream water, the
two factors (Conduotivity and Alkalinity) showed an inverse ra-
lationship during September and October, whereafter from Novame

ber to May, it showed a direct relationship.

It hag‘also bsen observed that low pH values corresponded
with high conductivity values {(Tables 2 & 3). Atkins and Harris
(?5%%? stuggests thzt the electrical conductivity may'be high
~when the pH is low and vice versa and attributed that this
might bs due to the prszipitation of the calcium and magnesium
cérbdnate owing to the decreaselof carbonic acid in solution and
that the reduction is conductivity, may be the result, at least
in part, of the remuval of electrclytes by algae necessary for

their growth.

HYDROGEN=-ION~CONCENTRATION : The hydrogen~ion=concentration
exDreésed as fFH, was found to bs on the acidic side in both the
pond and stfeam. It 1is bélieved that pH 1is generally influen-
ced to a gresat extent by csrbor-dioxide (Welch, 1952) and at

low pH most of the carhone=dioxide exists in free form. In the
present study, an inverss relétionship has been observed betwsen
free carbon- ledeG and pH in both the systems (Flgs. 2 & 3).

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

dioxide were recorded.
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It is well known that_pH depends upon the amounts of car=~
bonates of calcium and magnesium and the carbon=-dioxide tensian
in the watser. The latter, in its turn is influenced by the pho=
tosynthelii® activities of the}aquatic vegetation and ths animal
life present in the systam (Ganapati, 1940). As during photosyn=
thesis the carbonates of calcium and magnesium are precipitated
_from their respective bicarbenates due to rapid carbon assimila~
tion from the dissolved bicarbonates and hence the water becomes
more alkaline. Thersforas, high pH values from December toc April
in the strsam and the pond indicate a higher photosynthetic act-
ivity than the respiratory process as has also besn suggested by

Hannan and Young (1974). :

Hutchinson {1967) is of the opinion that in almost every
instance whera.the water is neither very acidic nor very alkaline,
it may justly be assumed that pH is regulated by the carbon dio=
xide bicartonate systom. This seems to bs true in the prssent
study too. A similar case has also been reported by Nasar (1975).
A close and direct relationship betwesn pH and carbonates has
also besen reported by Atkins (1926), Pearsall (1930), Howland
(1931), Prinasheim (1948), Rao f{1955), 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 dus to ths decom=
position of organic matter and respiration of piants and animalse
Allegeier st al.,(1932) reported that the carbon=dioxide is the .
second largest decomposition product. The concentration of car-

bonats and bicarbonate is generally influsnced by carbon-dioxids.

Three factors viz. Carbon=dioxide, Bicarbonates and Carbonates .
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. are known to be responsible for maintaining the "Buffer System®
of freshwatsr systems, hence, in the pond ano stream waters too.
Therefors, the presence of fres carbon-dioxide in waters suggest
that the watsr was less alkaline or acidic. free cearbon=dioxide
and alkalinity showed an invars; relationship (Fig. 8) which
suggests that the former appears to be aﬁ_important component of
the buffsr system of the water, as has also bsen reported by
Hutchinsan (1967). Similar observations have also been reported
by Atkins (1926), Pearsall (1930), Howland (1931), Pringshseim
(1946), Rao (1955), Zafar {(1964), Munawar (1970) and Nasar
(1977a). The fluctuation in the alkalinity values may be dus to
the photosynthetic activity, as has also been reported by Hussa=
iny (1967) and according to him, this mainly depends on the
Thuffer system". The general relationship betwesn pH, carbonats
and bicarbonate alkalinity and free carboun~dioxide may be inter-
preted on the basis oF'diésociation of these into ionic stats.
As discussed abovey free carbon-dioxide in the water forms Cérn
bonic acid which dissociatss into HT and HCO3-ions, which brings
changs in the pH of the water (Ruttner, 1953) as hydrogen=-ions
are set free. HCOB‘ reacts with calcium te form soluble calcium
bicarbonate. If, at this stage frae C02 is not available, cal=-
cium bicarbonate gets convarted into inscluble calcium carbo-
nate. The amount of C02 that inhibits the conversion of bicar-
bonates into carbonates has been named as "equilibrium carbone-
dioxide™ by Ruttner (1953), Thus, it is evident that the conc=
enfration of carbon-~dicxide in water controls the pH, bioarbo=-

nate and carbonate conzentration.

DISSOLVED OXYGEN : The dissolved oxygen concentrations were
found to vary inversely with the free carbon=dioxide all throu-

ghout -the period of the study (Fig. 8). From September to March
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and again in July. and Aucgus®t whern *he dissolvéd oxygén concentr=
ation was found to be high it corresporded with low quantities
of free carbon=dioxids in the‘étream. Similar observations have
also been recorded by Whipple and Parker (1902), Birge and Juday
(1911), Psarsall (1930), Ganapati (1943), eohzalves and Joshi
(1946)," Rao (1955) and Saha st al. (1959).

Further, dissolved oxygen content showed an inverse rela=-
tionship with tempsrature. Periods oé high temperature coincided
with{thege of low levels of oxygen in the pond, as per the law
of solubilify of gases, wherzas in JSune, the case was contrasting
as high femperature corresponded with high oxygen values, which
did not depend upon the physical factor of solubility of gases.
Therefore, it appsars that the limiting factor for dissolved
oxygen during June was not the temperature. During the period,
the sky was bright and clear providing sufficient sunlight to
thevmaorophytes present’in‘theApond, which might have liberated
oxygen by their photosynthetic activity, thus increasing the
oxXygen content of the water. This supports tﬁe fact that during
photosynthesis, carbonic acid gets split up, whersby assimila-
tion of carhon tekes prace and also liberation of oxygen té the
surrounding water (Welch, 1952). Hence, the greatsr the abund-
ance of vegetation the grsater the assimilation and consequently
greater the liberation of oxygen as also suggested by Ganapati

(1940) and Nasar and Munshi (1971).

According to Welch (1952) water has the capacity to hold
more oxygen with the decrease in, temperaturs. Ruttner (1953) has
also stated that temperature is one of the factor which affects
- the guantity of oxygen. In the present study, low temperaturs

was recorded from October to February in the pond and October
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to March in the stream and higH lzvels of dissolved oxygsn

(Tables 2 & 3) during the period.

The atmocsphere was probébly another imﬁortant source of
oxygen in the pond and stream,vDue to the action of the wind,
small ripples might have been formed and thereby different lay-
ers of water were exposed to the air and the watsr got oxygena-
ted. The reduction in.dissolved oxXygen contént might have besn
due to the respirationr which is kncwn ss a continuous activity
day and nighﬁ of the plant and animal life. The othsr factor
which sesms to be responsible for reduction of dissolved oxygsen
is-deoomposition. The- oxygen was Corsuﬁed during decomposition
of the bottom materials and suspended organic matter. Hence the
dissolved oxygen uwas low during summer months (Tagles 2 & 3)
because the decomposiéion is gensraliy supposed to be quicker in
warmer than in cold conditions. Hannan st al. (1979) have repore
ted similar results frum Deep~Storage resgrvoir in"Centrai Texase.
Thﬁs, it may be conclucad that the oxygen content of freshwaters
mainly depends upon several factors such as :=-

i) solubility of oxygen in weter depending upoﬁ temperatures;
ii) photesynthetic ectavities o7 plant life presants
iii) respiration of plant andanimal lifes ‘

iv) intensity of illumination; and

v) wind action.

Sgasonal variations in the dissolved oxygsn content of
running and standing waters have been reported by Eddy (1934),
Chakraborty st al. (1959), Swale (1964), Pahuwa and Mehrotra
(1966) and Venkateswarlu and Jayanti (1968). Fritsch (1907),
Alikunhi (1957), Odum (i957), Nasar and Munshi (1971), Nasar
(1975) and Hanran et al. (1975). According to them dissolved
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. oxygen is gernerally found t- bs maximum durinag winter and minimum
: i

in summer, as has also besn recorded in the pressnt study too.

The nutrient condition in both the systems viz. pond and
stream, was found to be poor {Tables 2 & 3). According to Hynes
(1970) the nutrisnt condition varies enormously in running wate
BTS from region to region and is a reflection of the local gso=-
graphical and climatic conditions, which seems to be true in ths

presant study too.

‘PHQSPHATE ¢ The dissolved phosphate concentration in both the
pond and stream was faund to be quite poor. Welch (1952) and
Ruttner (1953).have reported smaller amounts of phosphorus in
thoss water which are free of contaminating sffluents, hencs,
fhis may be the reason of lowsr amounts of phosphate specially
in the pond as it was “ree from any contaminating efflusnts. In
the presert study; an inverss rslationship has been observed
betwsen phosphate and uxygsn concentration in both the systems.
Such a situation may be due to the fact that when thsrs 1is lack
of oxygen in watetr bodiss, particulérly in the sediments, the
iron is reduced from the farric to the Terrous state releasing
phosphate into water, as suggested by Einsele (1936), Therefore,
during oxygen deficiency, phosphate gets released in water from
the ssdiment, thus the inverse relationship occurs. Morsover,
the seasonal fluctuation in the phosphate concentration might

be dus to ths présenbe of algas in the system, which is known
to uﬁilize'phnsphate during their photasynthetic actiyities.
According to Welch (19%2) varicus factors like temperaturs, 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 concericration curing April to Junme could be
due to run-off from the catchment areas during the rainy ssason

(Fige 9)s

NITRATE : Nitrate showad azn inverse relationship with dissolved
oxygen sxcept in the mcnths oF»June and July in the stream watsr
when thess two factors did not show any definite relationship.
An inverse relatinnshin has alsc been observed betwessn pH and
Nitrats, Howeuer a direst correlastion has been rsported by Gana=
pati (1943) and Zafar (1964). Nitrate deplstion in the stream
during winter months may be due to-photecsynthetic activity of
the phytoplankton or may be due to oxidation of organic compourds
as suggested by Blum (1556). According to Hannan and Young (1974)
this decrease'can be attributed to decreased run=off aSSociéted
with rainfall and increased autotrophic assimilation, and this
run=0ff has been shown to bs an important oontributor of nitrate

nitrogen in rivers.

Zafar (1964) suggested that when the dead organic matter
decomposes in water, complex brutein molecules are converted
into "nitrogenocus organic matter” and finally into nitrates by
the bacterial activity. Accordingly when alluminoid ammonia and
nitrate go hand in hand and show an inverse relationship to the
dissolved organic matter,; it may indicate that the main source
of nitrogenous organic matter is the dissoclved organic matter
which'is.undergoing decomposition whersas on the other hand, 1if
the alluminoid ammonia fluctuates ihvefsely*with the nitrate, it
may be assumed that the planktonic ofganisms are living at the
expense of ﬁitfates in water and they themselves ars the main
source of nitrogenous organic mattef (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 water
bodies on the basis of sbove étatement as alluminocid=-ammonia and
dissolved organic matter were not estimatzd. Howsver, in the
light of above, i%t can be assumed that tne main source of nitra-
tes in the pond may be the decomposing organic matter, not the
planktbn as the former was present in quite large qgantities
wheresas the ‘plarkton population was poor poth in the pond and
stream. Aocbrding to Vollenwsider (1968) and Schindler (1971)

the major source of nitrates is by precipitation.

Nitrate showed an ihVerse relationship to the temperaturs
which suggests that temperaturs has = profound effact on nitrate~
concentration in view of the fact that the temperature accele-
rates the activity of denitrifying bacteria in the presence of
organic matter (Nasar, 1978) =nd the process of reduction of
nitrates may stop with the nitrite production, which is some=
times accompanied by hvdroxylaﬁine or it may procseed to the for-
mation of molecular or perhaps to NZD or to ammonia (Hutchinson,
1967), which seems to be ths reason of the nitrate depletion in

the pond at higher temperature 1i.e. during May to July.

SILICATE : The silicafe content of the water was found to vary
inversely with free CO2 in the pfesent study in botH the systems,
possibly owing tc the Pact that as Silicic acid is morte weakly
dissociated than COZ, it is removed from its strongly hydrolyzed
compounds~ the silicates, in the presence of carbon dioxide or
bicarbonate and is then held in the water as free éilicic écid
in dissolved or culloidal form (Ruttnar? 1953), thus an inverss

relationship has been observed between the two Pactors.

It has also besn obssrved in the pond that the alkalinity

increased with the increase in silicate concentration as has
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also been. recorded by Atkins (1924). He has also reported that
the silica cohtent in freshwaters is influenced by temperaturs
and evaporation. In the stream; hbwever, an inverse relationship
ﬁas been. observed between alkalinity and silicates. It is evi=
dent from ths planktonic studies that peaks of diatom population
corresponded with low levels of silicate in the water (Fige. 16),
since diatoms take up silicates and the presence of large num=
bers of diatom might have cauéed the exhaustion'of'silicate to

low levels, in both the pond and streamys

LANKTON

It hes beezn observed that quantitatively there is likely
to be less plankton in tropical inland waters than in temperats

waters (Wslch, 1952),

In the present study, 11 speciss of Chlorophyceae; 5
specles of Bacillariophyceas and 2 species of Euglenophyceae in
the pond (Table%4) and 15 species of Chlorophyceae; 7 species of
Bacillariophyceae and 2 species of Euglenophyceae in the stream
(Table@5) have been recorded. Among the zooplankton, Rotifera
comprised of 4 species both in the pond (TableCs6) and streams
Copepoda was repreéented by 5 species in the pond and 1 species
in the stream. Cladoceré.was represented by 2 species and 1its

presence was recorded only in the stream (Table()7).

In béth the systems,»phyfoplankton showed a numerical
superkority 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 planktan. The
: 2

pp
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plankton productivity varled from swzson to season in both the
systems and qualitative variation particularly of zooplankton

were quite identical,

The plankton population peaks in the pond as observed in
the present study (Tables 4 to 7) were found to Tesemble that of
Kashmir and Kumeaon lakes ae reported by Das st al. (1969) and
Das and Upadhyay (1979) respectively, unlike the water bodies of
plains (Cas and Srivasztava, 1956a,b). This, further reflects that
changes in the composition of species and their appearance and
disappearance ars characteristics of summer and winter unliks the
plankton in plains as réported by Nasar (1979a). Thus? it can be
said that the plankton peaks of freshwater bodiss of high alti-
tudes of India a2re quite comparable with the spring and autumn

plankton peaks of tempsrate countries,

It can be revesalsd that iIn some groups of plankton, the
amplitude of rise and fall in quantity may not be large enough
to produce mere than minimal change in the total plankton popu-
lation,; whils in others. the change may be so great that a wave
of development of a single group way be sufficient to dominate
the whole population., Furthef, the'period of quantitativs incr-
gase and decreass of the individual may not in many gsnsra co-=
incids with the seasonal minima and maxima of the total planktone.
Nasar (1979a) concluded that the rats of deveiopment of a pulse
may vary greatly, some species may incrsase slowly and more or
less uniformly to the maximum while others may show a burst of
development rising from an apparent absence to a nuﬁerioal dom=
inance of the whole plankton within a very short period, which

sgems to be true in the present study too.
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PHYTOPLANKTUN

1

Phytoplankton in thé stream showed tuwo psaks, one in feb=
ruary and the other in July, which corrsspond with low zooplank=-
ton number. Therefore, an inverse relationship between the two
has been observed. In the pond too, an inverse relationship bs=
tween phytoplanktcn and zooplankton pulses has besn recordsd.
According to Slacdecek {1958), factors which cause fluctuations
in phytoplankton abundaiice are the grazing activity by zooplan-
kton. Hence, the same could be true in the present study too.
Srivastava (1950) ohbserved an incrsase of dissolved oxygen which
caused an increase of phytoplankton biomass and this could be
thé reason 0F the numerical supcricrity of phytoplankton over
" zcoplankton. Chacko and Kfishnamurthy (1954) has suggested that
the temperaturs is an important factor in controlling both the
qUantity of' speciees composition of the plankton flora, but it
cannot te the cnly factor involved. In the present study, Chlo-
rophyceae was found to be the most abtundant group followed by
Bacillariophyceae and Euglsnophyceae in both the systems. No
gimilarity could be seen in the seasonal fluctuations in Chloro=-
phyceae and Bacillariophyceas in both the systems. In the pond,
'no definite pattern of fluctuation could be noticed for Chloro=-
phyceae, whersas in the stream, maximum numbers were found from
December to Aoril. Bacillariophyceae population in the pond dec-
reased during winter and peak has beenlobserved in February «nd
Mavg_whereas in the stream maximum number were found in Septem=

ber, November and May.

ZOOPLANKTON

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 was the mogst abundant group, followsd by Copepoda and
Cladocera. A similarity between the two systems could be egtab-
lished due to the fact that Rotifera prulation dominated during
the winter and Copepoda during the summer. Thus,'the seasonal
periodicity in the zooplankton could k= cbserved and the QUan-

titative variations were quite identical in both the systems.

The numerical superiority of Rotifers cver the othsr
groups of zooplanktbn corroborates the view of Nordguist, 1921
(ope cite Fritsch, 1931), that the abundance of Rotifers compas
red to other groups is an indicaticn pointing towards the sutro=-

phic nature of the water bodies, Similar view has also been

expressed by Gecrge (1966a) and Nasar {1975).

Pennak (1957) ha§ pointed out that whenever two species
of the same genus are present in any freshwater system, one will
always be more abundant that the other. Since-quite similar
results have been obtained in the present investigation, this
is in conformity with the view of Pennak (1957)., Similar studiss
by Carl {1953) gave evidence that garus of Copepoda and Clado-

- cera are seldom rtepresented by more than one'species in a body
of water. It has bsen observed by Harvey et al. (1935), Wimpenny
(1936), Steemann Nielsen (1937), Mare.(1940) and Hart (1942)
that lapge 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 aresa. Steemann and Nielsen (1937) pointed out that the phy=

toplankton crop can develop within a few days under favourabls
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conditions wherees a much lnnger nerlod is required for the dev=
elopment of zooplankton. Consequently, ‘the peaks of the two pop~
ulation will not fall at the same time. Therefore, in the present

investigation too. the phvto= and zooplankton showed an inverss

relationship (Figs. 10 & 11).

FACTORS INFLUENCIKNG PLANKTON PERIODICITY

It is a well K ncwn fact that ths nutrients play a vital
role in the growth ard abundance of plankton in gensral. AP the
factors ars muﬁually entangled end interact to determine the
distribution of crganisms. Development zsnd maintenance of a pop=
ulation depend upon harmonious scological balance between envie
ronmental conditinns and tolerance of the organisms to variations

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

Tempsrature is considersd to be one 0F>the most important
- factor in any aquatic scosystems. Edday (1934), Gambryar (1963)
‘ahd Masar (197%a) reported that plankton production is mainly
influenced by temperature and these changes were observed'QVBn
amidst a fairly constart pH aﬁd uxygen content,. which agrees
well with the presant results,‘as the plankton maxima and minima
increased or decreas;d quite distinctly during warmer and colder
mdnths. Similar results have also been obssrved by Moitra and
Bhowmick (1968)s In the stream, phytoplankton exhibited its
abundance during winter (Fige 13), but in the pond (Fige. 12), -
no definite variation could be observed., Das and Srivastava
(1959), Sresnivacan (1986) ana Hutchinson (1967) haQe reported
that tempsrature is one of the factor responsible for the growth
of plankton, but it is not the only factor involved. Alikunhi
st ale. (1955) observed that a variation of waster temperaturs

Prom 29.0°C to 37.2°C but he does not indicate any correlation

L]
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betwesn water tempsrature and piankton variations, Chacko and
Krishnamurthy (1954) alsu could nct sstablish any correlation
betweeﬁ the temperature and plankton. The assertion of Worthing=-
ton (1943) that tropicel watevs are more productive on account
of high temperature and lack of cold watsrs is untenable about
plankton in Indian freshwaters as 1is evidént by the availabls

dataa

In the present study, a high phytoplankton population has
beeﬁ observed at low ftempsrature during winter in the stream,
whereas for pond, no definite relaticnship could be observed,
thersby suggesting that temperature alone is not a limiting fac-
tor Por.the growth of plankton, Similar case has also bgen rspo-
rted by MNasar (1979a). Aveilability of food may be the other
main factor which in turn depends on other physico~chemical

factors including temperaturee.

Knowledge on the limiting effects of pH an plankton is
in a very unsatisfactory state (Welch, 1952). However, svery
‘species have been described to havs its own capabity of tolsra-=
nce to acidity and alkalinity. According to Welch (1952), many
limnologists regarded pH as of secondary impoftance»as NO cOIr=.
‘elation could be sstablished between pH and the occurrence of
the organisms in naEural waters. Howesvery,; Das and Srivastava
(1956a) and Moitra and Bhattacharya (1965) reported that a high
pH is related to heavy phytoplankton bloom and that a low pH
indicates a rise in zooplanktono'ln the present investigation
toa, suéh a relationship has been observed with the exception
of the aneorobic bacteria, all organisms living in freshwater
require an adequate supply of diséolved oxygen. Psarsall (1923)

has noted a higher oxygen content after:rains in natural waters,
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poor in»plankton and organic matter. Griffiths (1923) inferred
that well oxygenated water is orerequisite for harbouring large
number of Chlorococecales. Pennak (1949), Chacko and Krishnamur-
thy (1954), Singh (1955), Das and Srivastava (1956a), Moitra and
Bhattacharya (1965), Mcitra and Bhowmic: (1968) and Jana (1970,
1973a) obsaerved that increase in dissolved oxygen causes an
~increass in plankton bicmasse. Almost similar result has beén
obtained during the presant study. Nasar (1979a) has also rspor=

ted a direct relationship betwsen dissolved oxygen and zooplankton.

ICarbon-dioxide is known to be a necessary conétituent in
an aquatic environment as free Carbon=dioxide has bssen univer-
sally accepted to be an important abiotic factor for all living
organisms. Juday (1922) while studying the fermentation of bot-
tom degosits in Lake Mendots (Wisconsin), observed that carbone
dioxide was the second largest decomposition p;oduct constitu=
ting 3% to 30% of the total gases evolved. According to Welch
'(1952) in natural waters, the amount may be very small in ths
upper circulating waters, but the healthy growth of green plants

is a standing evidence cf the adequacy of the'se small quantities.

Large guantities of Carbon=dioxide usually have detrimsn=-
tal effect oun plankton, becoming rapidly fatal, if amounfs are
sufficiently high. Welch (1952) stated that high carbon=dioxide
content appears to be more toxic in the pressncs of low oxygen
content. Moitra and Bhowmick (1968) observed that free carbon-
dioxide wés at its mininmum when zooplankton dominated the plan=
kton volume. In the present sﬁudy, it has besn obssrved that
wﬁenever free carbon-dioxide was at its minimum; percentage
composition of zooplankton were found to be in higher rangs, in

- other words, zooplankton fluctuated almost inversely with Pree
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carbbnaaioxids content. ThereFore,,it.can'be‘ascertained that
presence of hiah gquantities ofiFree cerbon-dicxide have detri-

- mental sffect on zpoplank£on and are toxic, which supports the
view of Welch (1952) that free carbon-dioxide is an important
abiotic factor for all bliotic factcrs. However, Nasar and Munshi
(1974) reported that fres carbon-dioxide was not a limiting

factor for the growth of zuoplankton,

An inverze relationship between Phosphate levels and phy=-
toplankton numbers has been shown by Michasl (1969) which sesms
to be true in the present study too..Tayldr and Welch (1970) and
‘Hannan and Young (1970) observed an inverse plant nitrate rela=-

tionship, which is =zvident in the present study too,

5ilica is =n esgential nutrient for diatoms, which build
their frustules of this glosav material. Diatoms and silicates
showed an inverse relationshin with sach other in the present
study (Fig, 15). Since diatoms constitute a very prominent and
strategic group in the plankton and reguire silicon for the manu=
facture of their shells, the availabhle supply of silicon in the
water 1s regarded as a matter of real consequence (WBlch,1952).
Hence, 1t can be said that large ﬁumEe: 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), Rilsy (1943),
Hasler (1947).and Ruttnsr (1953) reported that the disappearancs
of dissolved silica from water is commonly aésociated with the
growth of diatoms andrnEserved that diatom maxima ‘commonly coin=-
cided with the lower levels:of dissoclved silicate. Hence, the

present finding is in conformity with them,
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Pearsall (1932) is ot *he view that grcuwth of plankton
diatoms is frequently limitea by the svailability of one or the
other major nutrients. According to him, diatoms appear whsn the
wéter are richest in Nitrate, Phcsphate and Silicate and gave
importance tc phosphat2 as an important Factor controlling dia-
tom periodicity than nitrates, but according to Whipple and
Parker {1902) nitrats is the main factor. In the pressent study,
phosphate seams to be en important factor contreolling diatom
periodicity. Seasonal vsriations in phytoplankton populations as
a resuit of changing environmental conditions has besn well do=
cumented ﬁRiley, 19463 Ryther, 19543 Conover, 19563 Hulburt,
1964; Patrick, 19¢7; Rilay, 15673 Carpenter, 1971 and Mulford,

- 1972). According to Riley (1946) and Samuels gt al. (1979), the
dynamics of phytaoplankton gfdwth and community structure aver a
-sgasonal cycle ir temperate latitudes is controlled by a highly

) _

complex relaticonship or environmental factor in which ans Paqtor
after other, gains momentacrily greatar significance. In ths
present study too, it has been observed ﬁhat variation 1in phy-
toplankton population ¢ve as a result of the change in environe-

mental conditiocnse.

In the present study, no distinct periodicity in the
total plankton could be observed, which could be explained as
in freshwater becdies, the physico=chemical complexes undergo
frequent changes partiaslly due to the changes in the meteorolo=-
gical factors which in turn influences the plankton periodicity
accordingly. Tharefors, definits and periodic changes as rapor;
ted from big lakes and oceans may not be observed in similar

small ponds,

A gensral depletion of soluble nutrients was recorded
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when the planktor densiiy was high which may be attributed to
the biological amtivity of the planktcn and yice versa. It may
be concluded that the plankton population is directly or indir-
gctly influenced hy ths seasoﬁal variaticns in the complexes of
other limnolugical factors. The annual auantitative abundance
of planktonic population depends aon the succession of appeara=-
nce aﬁd disappsarance of i£3 component species as is clear from
the present results which further supports the view of Nasar

(1979a).

It is said that (Cole, 1979) streams are rather poor in
plankton, except in large streams far fpom their sources or in
relatively guite side pools where conditions are much like len=-
tic environments. The ocutlet from lakes and ponds introduces
plankton organisms intu streams, but they are destined to dis=
appear rather rapidly,.reason being the diurnal rate varies for

different laks plankters.

According to Hynes (197G), in stream the bulk of the
phytoplankton is composed of diatoms and zooplankton is marked
by more Rotifers, relative to micfouc:ustacea, that are typical
of lake plénkton communities. However, in the present study,
the dominance of Rotifera among the zooplankton could be obssr=
ved, but amang phytoplankton, Chlorophyceae was found to tbe

more abundant than Bacillariophycsao.



CHAPTER III

BIOLOGY OF THE FISH



‘The brilliant coloursg, bizarre shapes and curious habits
6f tropical fishes are well known, and throughout the tropics
freshwater fisheg are of immense importance in providing protein
food for human beings. The demand fcr such ﬁrotein is rising
exponentially with the rapidly iqoreasing human popqlation and

attempts to raiss living standards.

" Although the study of ecological processes is of{{bnda-
mental importance.for man's continusd existence and wgll being,
such studies from the tropics are still .in their infancy and
theories abouf tropical communities are bassd on few hard data,
many of thasm culled from the behaviours of bird and insect

populations. Howsver, ﬁishés_haue been investigated more than
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any other group of verteorates in the tropics, but unfortunately
the resulta have generally beenlpublished in special reports{_
not readily available to the genefal ecologists. Tropical eco-
systems are now obeing changed momentouusly oy man, and it is of
paramount importance to study the cowplex web of interrelation=-

'ships in order to avoid irrepairable damage to ths snvironment

and to its fatnas.

Tropical fish communities arse noted for its high diversi-
tye. The history and geography of the area dictate the basic
stocks of fish which gain access to it (Lows=McConnell, 1975).
The fishes manage to onersist in a particular geographical region
which depends on the suitébility oF’euological conditions for
all stages of life history, since fishes are very mohile creat-
ures, searching out different habitats to suit the particular
requirements of *he egeos, the young fish, juvenilss or adults.
Their social resguirements changs too, many fishes living in .
shoals when young, but in pairs or soclitarily when adult. Thus,
the ccmposition of thas fish communities, the group of interaé-
ting population within a particular i;abitat, may be changiﬁg

continually (Lowe-McConnell, 1975).

The results of interplay between fish and ehvironﬁent is
that in certain places, communities are very stable thfoughout
the year and from yeér to year and probtably long periods of
time, while in othaer places community membersﬁip is changing
radically all the time, oFten with seasonal regularity. Some
fish species ave survtonic, that is to say that they can with=
stand a great range of environmental conditions such aS'chénging
tempsratures or salinity, or they can eat diverse type of food

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

row range of conditions,
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According to Holi (196?), as?essment.of world production
is needed in the next thrse decades ancd that inland waters where
control can be exarcised uwver the factors‘governing productiaon
will heve to bear.the brunt of this increasing demand., There, is
thus an urgent need to urdarcstand *he factors involved in fish

production.

The extensive researches on freshwater fishes in India
generally centra2s avound the biology only cof ‘those Speciss which
are being used to stock dams and lakes rather on natural fish
communities. In India, the major Inaian carps, such as LCatla

catla, Labeo rohita and Cirrhina mrigeslas and the exotic carps

vize, Cyprinus cerpio, Ctencpharyngdon idellus and Hypothalmic=

hthys molitrix are the main culturable fishes (Nasar and Kaur,

1979). Apart from these there sxists a wide variety of other
teleostean fishes whichk can breathevairo Such”Fishes have evol=
ved specialized organs or accessory respiratory organs, in soms
the swimbladder, in others altogether riew 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 aerlal rvespiration they are gasnsr-
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 inhalecd air for atleast a short per=
iode It has svolved in the pharyngeal region ﬁrobably as a reg=
ponss to more vigarous and praonounced aerial respiratory exer-
cises. In Channidae, the air-chamber lies above the gills and

is snclossd within the ékull (DattaMunshi,1962; Hughes and

DattaMunshi, 1973).

These air=bresathing fishes are different from the others
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by the virtue of their Qertein physiological adapﬁations suéh as
development of accessory resQiraﬁorr organs for aerial respira-
tion, modification of their blcod pHysiology, thyroid hormone
spécializations, occurrence of diving reflexes and adaptation
of certain special behaviouristic patterns. However, much remain
still to be Qnderstdod about the life processes‘of these fishes
with particﬁlar referenée to their environment. The paucity of
informaticn on the gensral binlogy of these specialized teleosts
has many reasons. Une of them, probably is that in Favour of
culturing major carps, the highly predaceous air=breathing fis=
hes were looked down upon as a hindrance in the endeavour and
were methodically eliminated as a recommended practice for ideal
pisci~culturse. The attentich of a few workers, however, drawn

towarde them was purely of academic naturs,

Morphological variations in fish as a result of adapta-
tion to its new environment have besn cited by various authors
(Schmidt, 19213 Vladykou, 19343 Taning, 19443 Lindsay, 1954;
Faga, 19583 Barluw, 196i)u According to Grant and Spain (1977),
the concepts.pf sizse éLd shape are fundamental to tﬁe analysis
of variation iﬁ living nrganisms. According to Le Cren (1951)
knowledge of the length-weight reiationship of a fish is essesn-
tial since Varioué important biological aspects viz., generalA
well being, appearance on first maturity, onset of spawning,
‘fecundity in relation to lsngth and weight of fish stc. 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 Pactor' or 'Ponderal indéx' 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 weight énd vice versa, another approéch
has been to determine tHe coefficient of condition (K=-factor)
with the objective of expressiﬁg the condition QF the fish in
numerical terms i.e., degree of well=being, relative robustness,

"plumpness or fatnesse

For prober fishery management, a thorough knowledge of
maturation cycle and depletion of gonads is of utmost importance
as it is sesential to urderstand and prédict 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,@hich led to syn=-
chronization of breesding activity, Similarly, information on
such related aspects as fecundity, size at first maturity 8tca.,
are also pertinent and all Ehese aspects should be considered
for successful aquaculture. The knowledge of the number of eggs
produced by fishas is of great value in pisci-culture, as it
would determine the amount of rearing facilities required and
the extent to which various -kinds of équipmentawill be needed.
According to Corbin (1948 and 1952 ), the number of eggs produced
by the fish must be known, if survival.ié to be estimated. The
data.pertaining to fecundity are zlsn useful in determining the
density dependent factor aFFéoting population size (Simpson,
1951) and for separating difFerent fish sfocks from the same
lpopulation (Farran, 1938). For several centuries the attention
of laymen, ﬁaturalists and fishery scientists has been drawn to
the number of 'eggs in the rqgﬁ_of Femalé'?ish. Fish fecundity
has béen studied not only as one aspect of natural history, but
also in association with studies of population dynamics, racial

characteristics, production and stock recruitment problems

(Bagenal, 1978).
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The constant demand for adeguate nourishment ié a seles-
tive agent that may greatly.infiuence zn organism's sxistencse.
This influence can be so persuasive that meny ecologists feel
it aé a primary factor declining an organism's nichse (Schoener,
1974). investigations of the feeding ecology of a species can
produce‘insight into how thé organism has svolved ecologically
to meet this pressurs (Grqséman et al., 1980). Most studies of
the food and fesding habits of Pishes 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 smphasizing 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 knowledge =
on its feeding behaviour, 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-breafhing fishes are in great demand for their
nutritive and therapeutin qualities. In recent years, culture of
air breathing fishes is gaining a fPillip in the country partie
cularly because of the nsed to put vast afeas of swampy and

Pallow watsrs to immediate wuss for the benafit of mankind with=

out getting involved into costly processes of their reclamation.

Among different families of air-breathing fishes, Chan=-
nidae (=0phicephalidae) enjoys quite a wide range of geographi-
cal distribution. Fishes of this family can be recognised by

the snape of the head which resembles that of a snake, hence,
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known as 'SnakenHeaas‘..They are' characterised by the possession
of ah accessory respiratory orgah which enables them to live out
of water for hours at a stretch or indefinitely in oxygen poor
watéfs and even in moist‘mud. The Family'is represented by a
single genus Chahna.SCOpoli 1777. This genus 1s represented in

Shillong (Meghalaya) by three species Channa gaghua (Hame ),

Channa stewartii (Playfair) and Channa punctatus (Bloch). The
éenus Channa Scopoli ié an important and a very popular fish in
the Indian sub=continent, owing to its apility to live out of
water enabling live marketing ahd deliciOUSlFlesh is highly es=
teemed as a Food figh and is indeed éoﬁnoisseurs delight in
several States of India. It is uwell known for its n@tritive,
invigorating and therapeutic quélities and is recommended by

physicians as dietary ingredients for the sick and cenvalescent.

':‘In a virtual'absence af scientific knowledge on the bio-
logy and environment oflthé Channids indegenous to the highlands
of the NorthsEastern Hill region, it has been felt desirable to
conduct studies 6n the biology of thess Fiéhes. 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 incrsasing the technological ef%iéiences of the fishery

entreprensurs for evolving judicious pisci-culture management.

The study pertains to the specimené of Channids with
particular refarence to Channa gachua (Ham.), collected during
the period from September 1978 to August 1979 from a pond and a
torrential hill stream situated in Shiillong (Meghalaya). The

results obtained on the biology of Channa gachua from the lotic

and lentic systems have bssn compared to gather knowledge on
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intra~specific variations, Furthsr, the results obtained during

the present investigations of Channa gazhua (Ham.) have bsesn,

compared with the results obtaingd for Channa stewartii (Play=

fair) available only in the stream and Channa punctatus (Bloch)

availabls only in the pond, for inter=-specific comparisons in
the'morphometric characters, length-wsight relationships and
food and feeding habits. All the biological parameters taksn
for Channa gachua in ths pressnt study, could not bs compared
inter=specifically owing to the océassional avallability of

Co stewartii and C. punctatus in the systems, It has also been
tried in the present investigations to find out ths impacts of
the abiotic and biotic factors of their immediate environment -

on the biology and the adaptive interactions.
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REVIEW OF LITERATURE

Knowledge of the occurrence of tish in India dates back
to three millennium B8,C. (Hora, 1956), According to Nath (1966),
fish remains with-cut marks, incicative of their use as food,
. have bsen obtaiged from excavation at Mohenjodaro and Harappa of
the Indus Valley civilization (2500 - 1500 B.C.). While Aristotls
(384=327 B4C.) is said‘to.be'the foundar of Ichthyology, King

Somesvara, the son of King Vikramaditya VI, who compoéed the

bobk "Manascltara™ in 1127 A.D., was the first record of the

common sport fish of Indialj orouping them into marine and fresh=
water rivetine‘forms (Hora, 1951a). The first modern writer on
Indian fishes, according to Day (1878) was Bloch whose splendid

work Auslandiche Fische was published in 1785, Later, Laceped

wrSts Historie des Puoissons (1798-1803). Russel (1803) descfibed
200 species from Vizakhapatnam, There appsared Hamilton's (1822)
pioneer work "Fishes of Ganges" which contains a description of
269 species of fish from the Ganges and its tributaries. Cuvier

and Valencisnne's "Histarie Naturelle des Poissans®, published

in 1828-1849, provided wmore impetus to the study of Ichthyology
than any other work till then. Other notable works on the taxo-
nohy of fishes are those of McClslland (1839), Blesker (1853),
Blyth {1860), Gunthar (1859-1870).

There is, houever, no work of greater importance on Indiam
Pishes than the epoch making contributions of Day's “Fisheries
of India® (1878) and "Fauna of British India, Burma and Ceylon"
(1889), In the present century; valuable contributions oun fish.
systematics have been made by Hora (1944, 1951b,.1?55), which
afe being continued by many zealous workers notably Shaw and

Shebbeare (1937), Misra (1959) and Manman (1951,
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Aspects on the systematics 'such as morphometry and merise
tic characters, colouration, kav fo the identification, size
attainments and habits and habitats of Channids with particular
reference to Channa gaghua, C. stewartii and C. punctatus have
been dealt by Hamilton (4822); Sykés (1839, 1841); Gunther (1861);
Day (1878, 1889); De (1910); Willey (ﬁ91o); Ra j (1916);'Das
(1927)3 Deraniyagala (1929)s Myers and Shapolov (1931); Spence
~and Pratsr (1933); Shaw and Shebbearea (1937); Anon (1962); De=
Witt (1950); Greenwood gt al. (T966). A good deal of work on the
bionomics, breeding habits;AliFe history and developmsnt of
thess fishes have been reported by Raj (1916); Khan (1924,1925);
Das {1927): Rahimullah (1946); Mooker jee (1945, 1946); Bhattace
harya (1946); MooKer jes gt al.(1946, 1948, 1950); Alikunhi
(1955) znd Parameswaran and Murugesah (1976)s Qayyum and Qasim
(1962) observed the behaviour aof an Indian murrel, (. punctatus

during brood carse.

Taxonomic values of Channa punctatus and C. marulius have .

been dealt by Tandon and Keur {1979).

With regard to the morphalogicel anatomical, histologi=-
cal studies.atcoy Dutta and Reddy (1974) described the head
scales of Channids. Rana st gl. (1978) studied the morphomstrics
of the olfactory rosette in C. Quncfatus. Tandon (1964) repor=
ted the absence of the right peivic fin in C. punctatus. The
anatamy of the synapses in the centrél nervaous system aof
: Q.‘gaChua was described by Mishra (1978). Shanbhag and Nadkarni
(1979) studied the histological and histochemical of the testi=-
cular cycle of C. gachua, whereas Joshi and Sathyanesan (1979)

studied the adrenal histochemistry and histoenzymolegy of

C. punctatus.,
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In_receht years, physiologicel and biochemical aspects
have been dealt by many workers. Garg and Sastry (1976) studied
the intestinal transport of fructose and glycine in C. punctatus.
Biochemical compartmentation of tissue with reference to brain
energy reserves and its metabclic produbts has been ﬁfudied_by
Shaffi (1978), whereas Garg (1978) observed the site and rate of
sugar and amino acid transport in iﬁtestine aﬁd pyloric cacea of
some Channids. Srivastava and Gupta (1979) reported the total
distribution of free amino scids in the brain of C. punctatus.
Saxena and Mani (1979) studied the ovarian recrudescence in C.
punctatus during thiourea treatment. Bhattacharya et al. (1979)
conducted experiments on the role cf synthatic mammalian thyrot-
ropin releasing hormone on thyrocid peroxidaée activity. Joghi’
and Sathyanescan (1980) observed cyclical changes in the mono=
amine oxigase (MAD) activity inthe testis of C. punciatus. Muscle
. fluid compartments and zlectrolyte distributionm in relation to
, gonadél cycie in C. punctatus have been studied by Sinha énd
Datta Munshi (1979). Mustafa and Jafri (1977) conducted studies
on RNA and protaih contants in C. punctstus during growth, wher-
gas 1in thé same fish, lMustafa (1579 studizd the RNA and protein
synthesis in relafion to biological condition. Mahajan and Agar=
wal (1979) reported regarding Uitamin C deficisency in C.puncta=
tus. Swarup and Srivastava (1975) reported the occuprence bf

collagen capsules in the testis.

A good deal of research work has been done on the struce

ture of accessory respiratory organs, respiratory physiology

' *

~and connected aspects in Channids. The most notable contributions
from those past workers ars of Day (1889); Das (1927); Dubale

(1955, 1959); Datta Munshi (1962); Hughes and Datta Munshi
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(1973, 1979); Ramaswamy and Reddy £{1978) and Hakim et al. (1978).
Recently, an excellent review on tﬁe gross and Fine structure

with the functional aspects of the respiratory organs of thess

fishes has beesn presented by Datta Munshi (1976, 1980).,

Significant cortributions havé been made on the-haemato-
logical aspects of Channids. Mahajan and Dheer (197%9a) reported
the seasonal variations in the blood constituents of C.punctatus.
Mahajan and Dheer (1979b) alsc studied the cell-types in the
peripheral blood of ﬁhe same fish. Chitra and Rao (1979) inves=
tigated on some aspects of haematological factors in C.punctatus.
Autorqdibgraphy and differéntial haemoglobin staining as aids to
the study of fish haematology has been emphasized by Mahajan and
Dheer (1979c). A good deal of work en blood physiology with ref=
erence to glucose and lactic acid levels have been conducted by
Khanna and Sihgh (1971): Suryavanshi and Chakraborty (1972).
Saxena and Sharma (1978) studied the flame photometry and photo=

colorimetry of electrolytes of plasma ﬁof C. gachuas

Results of investigations on nutritional properties viz.,
chemical composition of a few specias of Channids have been

reported hy Anon (1962).

In recent years, this Qroup became the target of various
significant foXicologiCal studies. The most notable contribution
on C. gaohua'are by Verma et al. (1978); Dalela et Qi._(1978);_
Hunumante and Kulkarni (1979) and Mishra and. Singh (1979). How=
ever, with regard to (. undtatus, contributions have been made
by Mahajan gt.al. (1979); Sharma gt al. (1979); Srivastava and
Singh (1980) and Goel and Garg (1980). Gill and Khanna (1976);

Ray and Medda (1976); Sharma {(1978); Sastry and Sharma (1978,
1979, 1980); Verma et al. (1979) and Mathur (1979).
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With regard to psthological investigations, Anees (1978)
studied the hepétié pathology in'g. purctatus exposed to sub-
lethal and chronic levels of some organophosphorus insecticides.
Bose and Sinha (1979) ‘'studied the histopathology of the stomach
wall of C. gaghus, attributable %o the digenetic trematode Genar=
chopsis gopps (Dzaki). Mahajan et all. (1978) studied the parasi-

ti@ation of lsoparsrchis hypselobagri in C. punctatus. Kumaraiah
st al. (1978) racorded a bactsrium causing sye disease and morta=-

lity in C. mariuliuse Recently, the life history of Allocreadium

handiai has been studied in C. punctata by Madhavi (1980).

The necessity and importance af cultivation of such fishes
in India have besn stresssd and emphasized by Jhingran‘(1976) énd
Dehadrai and Tripeathi (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 Charnids .
have been discussed by Jhingran (1976) & Dghadraiand Tripathi (1976).

With reqgards tc the studies on the biology of Channids,
the following worthmentioninglworks are available. The bionomics.
breeding and growth of Q.‘striatus have been dealt by Willey
(1910), Raj‘(1916), Ratiimullah (1946), Bhattacharya (1946), Moo=
ker jee gt al. (1948), Alikunhi (1953) and Murugesan (1978),uhe~
reas the growth potential and fishery have been dsalt by Para-
meswaran and Murugesan (1976), Srivastava (1977) and Muruge=-
san _(1978). A good deal of works on the different aspects of
general biology in C. punctatus have baaen conduc£ed by Mooker=~
jee gt al (1946); Das and Mitra (1958); Dshadrai gt als (1973)
and Parameswaran (1975). C. stewartii and C. gachua have recsi=
ved very little attsgntion with reéard to their biological stude
ies, However, Ganguly st al. (1963 ) studied the breeding habits

developments length-weight relationship and food and feeding
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habits of C. stewartii from Faridpur (East Pakistan). The most
poorly studied species among.Channids, is C. gachua as the only
worthmentioning literature available is by Maoker jee et 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 gocecd ascount of the bieclogy in Channids, there are stil}
several points with regards tc the general biology of this
group, particularly C. gachua and (. étema;tii which require
elucidation. However, available information on such aspects in
other species of Channids is of very general and preliminary
nature. Moreover, there ié practically no information available
on the general biclogy and scolcgy of Channids from higher al=
titudes. Therefore, it has been felt desirable to conduct an
investigation on the biology of Channids *(viz. C. gachua, C.
stowartii and C. punctatus) indigenous to the highlands of
Shilleng (Meghalaya) in relation to their abioctic and biotic

gnvironmental components.
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TAXONOMIC STATUS

(after Greenwood st al., 1966)

'Phylum
Sub~Phylum
Super Class
Series
Class -
Sub-Ciass

Supsr Order

" Order

Family
Genus

Species

Vertebrata

Créniata 

Gnathostomata

Pisces

Osteichthys (Teleostomi)
Actinopterygii

Acanthopterygii

Channifcrmes (=Dphiocephalifofmes)
Crannidas (=Ophiocephalidas)

Channa Sccpoli 1777

« gachua (Hamilton)

. stewartii (Playfair)

10 4O 40

. punctzius (Bloch)
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DIAGNDSTIC <CHARACTERS OF THE GENUS CHANNA Scopoli, 1777

Smith (1945) mude a plea for retenticn of the familiar

name Ophicephalus Bloch 179Z for this genus, but *the rules of

nomsnclature ars adamant in this casse and that Channa Scopoli
gshould be used. Morsover, Herrs and Myers (1937) expressed their
opinion in favour of Channa and subsequently taxonomist are
using this name. Hence, the name Channa has been used in the

- presant case,

Day (1@@8) cutiined the diagnnstic charactasrs of the

genus Channa as follows :-

1. Branchiostegal fins.
2. Pssudobranchiae absart.

3, Gills four. Gill openings wide, the membranes of two

sides being connected beneath the isthmus.

4e A cavity exists above and afcessory to the true cavity,
but although some thin bony lamillae are present, no

suprabranchial organ is developed.
5. Body slongated, sub=cylindrical anteriorly.

6+ Head depresésd, having superiorly someuwhat plate like

scales.
7. Eyes lateral.

8. Testh in the jaws, vomer and palate some of which may

be conical.

9. A single long, spinoless dorsal finm, and a similarly

constructed through shorter anal.

10, Ventrals thoracic (Ophiccephalus) or absent (Channa)

when present consisting of six rays, the outer of which

is unbranched and sometimes articulated at its extremity.
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11+ Sceles of large, modsrate or small size.
-12. Lateral llne abrupbly curved or almost interrupted.,

13, Air VBssel pnesentq,

14, Pylor*C-appendaqeq, whsn prasent;'Few.

The famlly ig rs presented Dy a 3¢ngle gano Channa Sco-
poli 1777, Earller, ths orlental sp901es were descrlbed undser
“Eiic ‘genera = (L) Channq to lﬂClLdB o pélvic Fin less” ‘genera;

Drientalis Froin Caylon and 351atlca frem China and (11) Ophio=

ceghalus BloCh 1793, to include all other speciss wlth pelvic
finses Earlier forms with ventral Fins were designated as Channa
gaghua (Ham, Buch 1822) and {orms withaut ventral fins as Channa

orientalis (Bl. Schn. 1801). However, DeWitt (1950) has shouwn

the Channa gaghua is a synonym of C. orientalis, considering
the absence nf ventral fins ac an aramalous character. This is
the only speciez in which the rosette of head scales is situated
behind the orbits :so that it touchses the frontal hsead scales in
front and the basal head scales behind. The cephalic sensory

pores are in the form of single pores.

KEY TO THE IPENTIFICATION

Channa gachua :
D, 32375 P, 15; V. €5 A, 21=23;
C. 123 lateral line scales. 40-45;
Le tre 3=4/6~7: Pre-dorsal scales. 12.

Channa stewartii :
| Do 35-403 P. 173 V. 63 Aa 23-283
Ce 14; Lateral lins scales. 45=50;
Lo tre 4% = 5%/9-7,

Chianna punctatus @
D. 29=32: P, 17: V. 63 A. 21=233
Ce 123 tLatesral lins scales. 37=40;
Le tre 4=5/93 Pre-~dorsal scales. 12. :
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SYNONYMS

CHANNA GACHUA

Channa orisntzlis Bloch, Syst. Ichth., p. 496, pl. 90, figs 2,
1801, type=loczlity; India,

Gunther, Cat. Fishe Brit. Mus., 3, p. 483, 1881.

Day, Fish. India. p. 368, pl. 78, fig. 2, 1876

Day, Faun. Bril. Ind. Fishe, 2, p. 365, fig. 119, 1889,

De Witt, Stanford Ichthe. Bulle., 7(4), p. 81, 1960,

%

Ophiocephalus gachua Hamilton, Fish. Ganges, p. 68, 367, pl.21,
. fige. 21, 18225 type-locality, Bengal.

Bleaksr, Verh. Bate. Game, 25, p. 42, 1853,
Gunther, Cat, Fish, Brit. Mus., 3, ped471, 1881.
Déyy Fish, India, p. 367,'1876..

Day, Faun, Brit. Ind, Fish., 2, p. 364, 1889.

Shaw and Shebbeere, J. Asiat. Soc. Bengal, 3, p. 121,
1937: type=locality ¢ North Bengal.

Menon, J. Bombay nat. Hist. Soc., 48(3), p. 540, 1949,
type=locality : Kumaon-:

n

Menon, Rec. Indian Mus., 47, p. 229; type=locality :

Hosiarpure

Ophiogcephalus aurantiacus Hamilton, Fish. Ganges, p. 69, 368,
' ﬁl. 23, fig. 22, 18223 type-locality : Goalpara, Assam.

Ophiogephalue Limbatus Cuvier (in € & v) Hist. Nat. Poiss.,
7, Pe 201’ 1831,

Ophiocephalus cormota Cuvier (in C & V), Hist. Nat. Poiss., 7,
Pe 414 {Ffrom Rusel, pl. 11, n. 49), 1831; type=-locality
Vizagapatam,

Ophiocephalus fusca Cuvier (in C & V), Hist. Nat. Poiss., 7,
Ds 414, 1831. :

Ophiocephalus marginatus Cuvier (in C & V), Hist. Nat. Poiss.,
7, p. 411, 1831, type=locality : Pondicherry.
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Ophiocephalus montanus McClelland, Calcutta, 1. Nat. Hist., 2,

Pe 583, 18423 type»]ocallty : Baisoot, Jullalabad,
Hlmalaya and Sadoo, :

Bleeksr, Yerh. Bat. Gen., 25, pes 424 1853,

Philypnpidies surakartensis Biesker, Verh. Bat. Gene, 22, p.

8phiogephalus kalaartii Gunther, Cat. fish., Brit. Mus., 3,
Pe 472, 18615 type-locality : Ceylon.

Cphigcephalus cachua meiaccensis Peters, Monatsber. Akad. Wiss,
Berlin, p. 262, 78468,

Qphioceohalué harcourt butteri Annandale, Rec. Indian Mus., 14,
De 54, ple 2, Fige 7, Dl. 4, Fias. 16, 17, 1918.

Hora, Rec. Indian. Muse., 22, p. 208, 19213 type-locality:
Manipur. :

Channa burmanica Chaudhuri, Rec. Indian Mus., 16, pe. 284,  pl.
22, fig.d, 1919; type~locality : N,Burma, R. Irrawady.

Channa gachua Merony, Rzoce Indian Muse, 52, p. 22, 1954; type=-
locality : Manipur.

Channa gagnua Menonr, A. check=list ¢f werks of the Himalayan and
Indo=Gangsetic Plains, Spl. Publ. 1, Inland Fish. Soc.,
India. 1974,

Distribution : India, Ceylon, Nepal, Pakistan, Bangladesh,
Burma, Thailand. Ind04China, Yunan, Malaya, Malay Archipelago,

Hiainan and Taiwan.

CHANNA STEWARTII

Ophiocephalus stewartii Playfair, Proc. Zoocl. Soc. Lond., p.14,
pl. 3, pl. 77, fig. 3, 1876,

Day, Faun. Brit. Ind., Fish., 2, pe 363, 1889,

Shaw and Shecbbsars, J. Asiat. Soc. Beng., 3, p. 123, pl.
4y Fige 3, 19373 typenlDCality : N.Bengal.

Menon, Rec. Indian. Mus., 47, pe 235, 1949; type=
locality ¢ Riverkosi, E.Nspal. '

Distribution ¢ Eastern Himalaya.
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Channa stewartii Menon, A checzk list of fishes of the Himalayan

and Indo-<Gangetic Plains. Spl. Publ., 1., Inland Fish,
SQC. India. 1974. .

Distribution :

Eastern Himalaya.

CHANNA PUNCTATUS

Ophiccephalus pucctatus Bloch, Naturges. ausland. Fische, 7,

p.139, pl. 258
Bleeker, Vsrne
Gunther, Cat.

Day, Fish. Ind
Day, Faun., Bri

Shaw and Shabb
plo 4, Fige "’.,

Hora,; Rec. Ind
Nepal. ‘

Menon, Rec. In
River Kecsi, Ea

Regan, Res. In
Nepale

s 17935 typa=lucality : Coramandel Coast.
Bate. Gen., 25, po 42, 1853,

Fish, Brite. Mus., 3, pe 469, 1B61.

ia, pe 367, pl. 78, fig. 1, 1876

te Ind., Fisn., 2, po 364, 1889.

gare, J. Asiat. Soc. Basngal, 3, p. 123,
19373 type=locality ¢ N.Bengal.

iane Mus.; 39, pes44d, 1937; type=-locality
dian Mus., 47, p.235, 1949; type~locality
St Napalp ! :

dian Mus., 1, Fe158, 1907; typs=locality

Ophiocephalus karruwsy Leceped (BUFForm), Histe. Nate. Poisse.,

3, pb 5529 180

Ophiocephalys lata Ha
fige 18, 18223

Ophiocephalus indicus

2; typs=locality ¢ Trangueban.

milten, Fish, Ganges, pp. 63, 367, ph 34,
typs=locality : River Ganges.

McClelland, Calcutta, J. Nat. Hist. 2,

De 583, 1802

Bleeker, Verh,

Ophiocephalus affinis Gunther, Cat. Fish. Brit. Mus., 3, p@470,

type=locality : Loodianah and Jallalabad.

Bat. Geney; 25, pe. 42, 1853.

18613 type-~loc

Channa punctata Ds Wi
1960; typa=loc

Channa punctatus, Msn
type~locality

ality @ Mauritus,

tt, Stanford. Ichth. Bull., 7(4), p. 82,
ality ¢ Nepal.

on, Recs Indian. Mus., 52, pe. 22, 19543
¢ Manipur.
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Chenna punctatus Msnon, A check=list of fisheg of the Himalayan

and Indo~Gangetic Plairs, Spl. Publ. 1, Inland Fish.
Soce. India. 19740 .

Oistribution : Ceylon, India, Pakistan, Nepal, Bangla=-

desh and Burma,.
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"VERNACULAR NAMES OF CHANNA (= OPHIOCEPHALUS) GACHUA

Hindi ‘ cee Dheridhok: Chenga

Bengali cee 'Chené

Telaegu , vo e Yarra=-matta; Kora-motta

Tamil .o Para=Koravaik; Manian-Koraval
Kananda o Mottay; Mahkorava

Malayaleam Ceee Karayn; Bral

Oriya oo | Chenga; Chayung

Panjabi o e Doarrah

Hepoli cou Hili

Assameée veo Chenga

Khasi ‘oo Dohthli



MATERTIALS A ND METHODS

COLLECTION SPOTS
The material Fbr the pressent study psrtains to the sam=

ples of Channa gachua, C. stewartii ana C. punctatus collectsd

at fortnightly intervals from the same pond and stream from
where samplss for physico~chemical and plankton studiss wers
taken. The collection of the fishes were made on the same day
and tims and from the same spots (Fig. 2) Ffom whers the samp=

les for abiotic and others bictic factors were collected.

COLLECTION PROCEDURES ¢
Specimens of the above mentioned species for biological
studies were capturca with the help of hand nets, drag nets and

a specially designed fish trap described below.
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It was obssrved that Hé gfficient geat, so far evolved,
could work perfeclly in the shallow water hody for capturing of
Channa spey; due to tﬁe shallowness of the water basin, profuse
macrovegetation and the hiding habits of these fishes. To ovor=-
come this problem, a new modified, simple and sconomical fishing
trap is devised. Catching principle is tased one one way sntryv
of the fish irto the trap attracted by bait or by any other means
from which the fish can not sscaps. The trap consists eassntially
of two parts. The first part cr outer portion is a net of wirs=-
meshing or bambod mat =nd the second part or ths inner portion
is alsoc of the same matsrial but smaller in size. The shaps of
the trap may be somewhet similar to a big envelops, 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% of the total length of the trap, The inner portion should be
conical in shape and both the ends should be opened and the innser
sand whkich is narrow, should not be smooth which éould be dons by

taking out few strings from the end.

Tnsida thé trap in the lowsr portion any fype of bait has
to be kept to attract the fishes. Fishes will not Pind 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 narrow
and rough Opeﬁing of the innsr part and gets trapped. The trap
can be kept anywhere in the water bodies by tagging it with some
object or with the help of a string by which it can easily be
taken out whenAdesiredn A singlelperson can operate several traps

at a time. The size of the trap can be prepared according to need.

The total lerigth and weight of the fishes to the nearest

millimeter and gramme were recorded respectively in the fisld:
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|

prior to fixing the sawples in ths Formalin for further biologi=-

cal studies.

BIOLOGICAL PARAMETERS

The following binlogical parameters were studied in
C. gachua (Hame) collected from both the 1lotic (stream) and
lentic (pond) systems.

(a) Morphometric measirements.

(b) Mecristic characters.

(c) Length-weight relationship.

(d) Condition factor.

(e) Maturity and ova diameter study.
~(f) Fecundity.

(g) Food and feeding habits.

-However, all these parameters could not be studied in C.gtewartii
which was available only in the streamand (. punctatus only in

the pond, due to their occassional availability id the systems.

The study is besed on the examination of 510 specimens

of Channa gachua in the size range of 16,0 mm to 120,00 mm from

both the systems viz., pond and stream.

An interspecific comparison in Morphometric characters,
Food and feeding habits and Langth-=Weight relationship with all

.the three species vize; C. gachua, C. stewartii and C.punctatus

irrespective of their natural habitat have also been studied.
Co stewartii were found only in the stream, whersas C.punctatus
were availlable 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 following methods were adapted for studying the bioc=-

logical parameters taken in the present investigation.
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MORPHOMETRIC MEASUREMENTS :

Dividers and measuring bonard, having. graduations in mill=

imeter were used for taking the various measuresments.

Iotal Weiaht :~ Total weights were measured to the nearest 0.1

gm in a doubls=pan phvsical balance and for smaller specimens,
a chemical balance has been used. The following morphometric
measurements have been undsrtaksn according to methods dsscribed

by Lows=McConnall (1971).

Total Length := Total length has been measured from the tip of

the snout to the tip of the tail to the nearest millimeter.

Standard Length = It is the distarce from the tip .of the snout

to the caudal base.

Head Length :=~ Distance from the tip of the snout to the end of

the apercular bens,

Pre=Dorsal Lepgch <= Distance from the tip‘of the snout to the

first dorsal fin raye

Snout Length t= fraom the tip nf the sncut to the front margin

of the orbit.

Eye Diameter := Distance from the anterior to ths posterior

margin of the eye in a étraight line.

Post-~0Orbital Length := Distance from the posterior margin of the

orbit to the gnd of the opercular bons,

-Inter~Orbital Width := From the ubper margin of the right orbit

to the upper margin ef the left orbit as measured from the dor-

sal surface.

Length of Upper Jaw 3= From the anterior most point of the pre-

maxillary to posterior point of the maxillary.

{o] 3¢Co
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‘Head Depth :- Perpendic-.lar distanca from the end of the nape

to the ventral side of tThe neade.

Body Depth := Vertical distanbe betwzen the dorsal and ventral

surface of the body at its greatest depth.

Least Height of Body :~ Shortest height of the caudal peduncle

between the end of the anal fin and the origin of the Caqdal fin.

Length of Caudal Psdunclse ¢=- Distance from the end of the anal

fin to the bass of the median caudal vays.

Length of Dorsal fin = Distahce@bebweén the anterior and post-

erior and of dorsal fin taken along the base of the fin,

Height of Dorsal fin :~ Height of the longest fin ray of the

dorsal fine

Height of Pectoral fin := Heicht: of the longest fin ray of the

pectoral fin.

Height of Ventral fin (= Height of the longest fin ray of the

ventral fine

Height of Anal fin :- Distance betwean the anterior and poster-

ior of the anal fin taken along the hasa.
Girth := Circumference of the body at its dsepest point.

Biometrip Index 3= The number of times each character went 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 (8D), Dorsal fin Length (DF), Eye Diameter
(ED) and Inter~Orbital Width (IOW)., For sach characters, a mean

index for each 20 mm length group has been calculated to ses

whether it is constant or varying with the increass in the total

lengthe Biometric Index was calculated for all the three species

vizey Co gachua, Ce. stewartii and C. punctatus.
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MERISTIC CHARACTERS

The follouwing meristic counts were made according to
methods outlined by Lows McConnell (1971) ==

(3) Number of rays in the dorsal fin,
(b) Number of .rays in the nectoral fin.
(c) Number of rays in the ventral fin.
(d) Number of rays in the caudal fin.

(e) Lateralline scales ccunt represent the number of{;pored
sceles on the lateral line. The counting of the lat=
eral line s~ales has been done in two parts in the
present stuay. Firet the counts were made to the end
of the upper lateral line, then by sliding downward
and forward (without counting) to the scale in front
of the lower line and cortinuing ths count along the
lower lateral line.

(f) Lateral line transverse scales = scales above late~
ral line have bsen counted from the origin of the
dorsal fin and counted downward and backward to (but
not including) the lateral line scale. Scales below
the lateral line have been counted upward and for-
ward frcm the origin o7 the anal fin.

All the ahove mentioned mornhometric measurements and
meristic counts totalizing 26 parameters were made only on the
left side of the fisn. The specimeﬁs of C. gachua fraom each
population viz., lotic and lentic systems were grouped in 20 mm
length groups. To studv the morphometric characteristics, the

regression method has been employed witrn the formula :-

o Y = = + bx
where; Y is the variablse characterQ such as total lenqgth, head
length etc., 'a' isi a constant value to be determined; 'b! is the

regression and coefficient and ' is the standard length. The

value of 'a' and 'b' were determined by the following formula :

b = £ nAv sy a =Y = bx

$x2a n %2

wheres n = total numbsr of length groups: X = mean of X and ¥

= mean of Y. .
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All linear measurementsiwer: made.to the nearest 0,71 mm,
then converced to a percentage;of‘thc.standard length. Means,
ranges and b values were tablulated and compared. The morphomg=
tric character of C. stewsrtii and C. punctatus wers also stud--

ieds Their mean values and ranges were also tabulated & compared.

LENGTH-WEIGHT RELATIONSHIP
In fishes the length~weight relationship can usually or

always be adequately represented by tHe equation.(Le Cren,1951).
W= cL"
whera: W = weight of the fishy L = Total length of the fish; and

"C" and "n" are constant. The squation was transformed into a

logarithmic form and has been expressed as $=
Llog W = 1lcg C + n log L

The values of "¢ and "n" were determined smpirically.

The length=weignht relationship during the prsessent inves=-
tigation was studied taking into consideration the intact weight
of the fish i.e. including the gut and gonads. The observed
average welght of C. gachua from both the systems were plotted
,against the asverage observed length to examine the nature of
parabola; On converting theAValues to logérithms, the exponen-
tial relationship has been expressed as the linear équation
described above. The regressiog of log-Weight on log-:Length has
been‘oalbulated by the method of ﬁleastAsquares" by grouping
the éamp}e data into Fourteeh iength groups (5 mm interval) for
the specimens collectea from the pond and sixteen for those from
the stream. The relationship was calculated for the different
seasons also, to see the seasonal impact. Two ssasons viz. summ=

er (April to September) and winter {(Octobsr to March) could only
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be taken into cormsideration as the ather seasons are not distin-

i

ctly marked and merge into eadh otheyr in this part of the country.'

1
H

The relationship has also been studied separately for
different life stages l.s. juﬁeniles’and adults. The length=
weight relationship of juveniles is based on the specimens rans .
ging from 18.25 mm to 48,36 mm in totai length for pond indivi=
duals and 14.0 mm to 34,5 ﬁm in total length for the stream in-
dividuals. The individuals renging from 52.1 mm to 81.5 mm in
TL and 58.0 m& to 120°d mm in TL from the pond and stream resp-

sectively wsre considered as adults.

For interspeéific comparisonsﬁ}h length=weight relatiocn-
\ .
ship of C. stewartii from the stream and C. punctatus from thse

pond have also besn studied,

As no apparent difference could be noticed betwsen mature
and immature individuals, no consideration to these sxcepting.

juveniles and adults, has bean made during the present study.

CONDITION FACTOR |

Individual variations from génsral length-weight relati-
.onships haQe-been studied under the general nams "Condition"
(Le Cren, 1951). Such changes in condition have usually been
analysed by means of a condition factor or Ponderal Index which
has been calculated by using . different formulae by various wor=
kerse. Howevery, in the present study, same has besn determined
by using the éollowing}?o:muia (Hile, 1936).

W X 107

K =
L

where: K = condition factor and W = weight of the fish. The
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number 105 is s Facﬁor to briné the Ponderal Index (K) to near
unity (Carlander, 1970), Fluctuaticns in condition factor were
gxamined for each 5 mm size'gréup of the fishes as well as for

different months to elucidate the seasonal Fluctuations for

Ce gachua frum both the asystems.

MATURITY, SPAWNTING AND OVA DIAMETER STUDY

MATURITY := The study is based on the examination of 510 speci=n
mens of [. gachua. After recording all necessary detaills, speci-
mens were diésscted and gonads-wera carefully taken out from the
body cavity. Their maturity stages were determined Foliowing the
key as outlined by Nikolsky (1963) based on the appearance and
size of gonads :=~
I, Immature : Yopné ‘indiuiduals which have not yet engaged
in reproduction; gonads of very small size.

IT. Resting stage : Sexual products have not yet begun to
develop; gonads of very small size; eggs not distingui-
-shable to the naked ays.

III. Maturation : Eggs distinguishable to the naked eye, a

very rapid incresase in weight of the gonad is in progress, .

testes change from transparent tc . a pale rose colour,

JRVEN Maturity : Sexual prdducts ripe, gonads have achieved
their maximum weight but the .sexual products are still

not extruded when light pressure is applied.

Ve, Reproduction : Sexual products are extruded in response
ta very light pressure on the belly, weight of the gonads
decrease rapidly from the start of spawning to its com=

pletion.

VI, Spent Condition : The sexual products have been dischar-
gedy, qgenital aperture inflamed, gonads have the appear-
ance of déflated sacs, the ovaries usually containing a

few left over sggs and the testis some residual sperm.
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SPAWNING := The spawning actilvity nas been studied according to
" the classification described‘byjHickling and Rotenberg (1936),
Walford (1932) and Oasim and Qayyum (1961). According to their
spawning activity in fishes, .. can be ~classified into the foll=

owimng four types &=

I. . Spawning takes place only once a year during a short
period of definite duration. In fishes, belonging to this
category, the mature ovary contains mature ova distinctly

separated from the immature stock.

P

II. Spawning taking placs once a season, but with a longsr
duratione. In spe.ies showing this type of spawning, the
range in size of 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 eggse

I11. Spawning twice a year. In the ovaries of fishes exhibiting
this type of épawning, in addition to the batch in ripse
condition,; another batch of eggs which has undergone mors

or less the process of maturation, becomes apparent.

v, Spawning sxtending over a long period, but intermittently.
| in this category, thz different batches of eggs in the
ovary are not sharply differentiated from one another,
thereby indicating that the passing of one batch of eggs
into the next stage is a continuous process.

A\

. GONADO=SOMATIC INDEX := The gonads were weighed to the nsarest
O.ﬁDQramme prior to fixing the same In Pormalin for fufther stu-
dies. Weights of the gonads were.taken on a ohemicalAbalance. In
order to study the condition of gonads, Nikolsky (1963) advocated
the use of “Coeffloient'of Maturity®" also known as Maturity Index
or gonado~-somatic index (Gn.S.I.) which expresses the weight of
gbnad as a percentage of total weight and has been calculated

according to the following formula (Hodgkiss and Mann, 1978).
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__Gonad Weight X 100
Total Sody Weight (gms)

Gonado-Somatic Index (CGn.S¢i.) =
’ 1

Gonado=somatic indices were determined for various length group

and monthwise for the species {. gachua.

QUVA=DIAMETER STUDY :~ For oQa—diameter'study, measurements of
ova were taken from formalin prese;ved material., Preliminary
examination of the ovaries revealed that within (anterior, mid=
dle and posterior part of individual ovary) and among individe
uals of the paired ovary, there was no-signi?icant differencé
gither in relative number or' in the mean ova diameter, conse-
quently random sub=samples wsre taken and subjected to ova=-

. diameter measurement with the help of an ocular micrometer. The
diameters of ova élong whatever axes they lay parallel to the
:graduation of the micrometer, uere measured to ensure random '
nature oflthe readings and unblased values as suggeéted by Clark

(1934).

ABSOLUTE FECUNDITY := Ovaries from mature (ripe) specimens col-
lected just before breseding were only used for fescundity stud=
iés. Both the ovaries wers remcved from 89 preserved gravid
females of L. gachua of krcun length and weight.. Sub=sampling
by weight method (McGregor, 1922) has been employed and fecun-
dity has been calculated from the counts of ﬁature ova in two
random sub=samples oF.the ovary of known weight, after drying

of f the excess moisture with the help of a blotting paper, by

using the followihg formula =

T
- W X (N1 + N2)
_(w1 + u,) |
where: F = Fecundity; W = Total weight of the ovary; W1 and w2
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and N1 and N2 are the weights and cva counts respectively for

sach sub=-sample.

RELATIVE FECUNDITY := Apart from absolute fecundity, relative
fecundity has also Eeen calculated according to the following

~formula (Hardisty, 1964).

Egg numbsr’
Relative Fecundity = “Body weigﬁ%v

The trends of relationship betwesn (a) fecundity and total
laength; (b) between fecundity and body weights; kC) betwesn fecun=
.dity and ovary meight; énd (d) between total length and ovary
weight were examined énd 5 log to log transFormatioﬁ in the form

given below (Bagenal, 1978) has been followed :=

Log ¥ = log a + b log X

FOOD AND FEEDING HABITS’

Food and feeding habits of (., gachua were studied by
examining a total of {570 digestive tracts collected from the
speéimens ranging from 16.0 mm to 120.0 mm from both the sys=
tems, viz., Pond and Sfreama ‘

The guts were removed from the specimens after measuring
and weighing each specimen to the nearest milliméter and grémme
respectively and preserved in 5% formalin for subsequent analy-
sis. Contents of the preserved guts wsre teaSed apart in order

to render.their microscopic examination easy, The various food

items were identified as far as possible upto generic level.

Several methods ior the enumeration of gut contents havs
bsen employed by different workers. However, in the present study

the following methods were employed as described by Ricker- (1971).
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NUMERICALlMETHOD - The number of 5ndividﬁals of each food types
in gach gut has been counted”“These werea summed to enumerate the
totale for sach kind oF food item in the whole sample, and then
a grand total of all the items was mzde. The gquotient of these
gave the perceﬁtage rapresentapion by numbez 6? each type of

food item.

FREQUENCY bF OCCURRENCE « Stemach contents were examined and thes
individual foog ite%s verc sorted out and identified. The numbar
of guts in whizgh each item cccurred was recorded-and expressad
as a percentags -of tiie number of the éut axamined, The percent=
age Oof cccurrence of a particular food item has also been calcu=
lated with refsrence to the sum of occurrence of all the items.
The gut coritente weré analyséd for slucidsting seasonal variat-
ions in the diet components. The data was also analysed for var=
ious éize groups in order to sss, if there is any basic changs

in dietary habits of the species at various stages of its growthe.

GASTRO=-SOMATIC INDEX - The Pseding intensity has been calculated

by the following formula’ (Bhatnagar and Karamchandani, 1970) :

G.S5.I1. = _Gout content weight 100
Body wsight

The feeding intensity or GeSele was corrslated with the condi-

tion factor.

RELATIVE 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 (Al-Hussainy, 1949).

The total length and gut lengths were measured to find

out the rselationship between the two variébles and also betwsen
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weight of the gut to total lenqgth. In both the cases regression

equations were determined to describe the relation betwesn them.

The gut contents of C. stewartii and C. punctatus (fWere

also studied for interspescific comparison.




MORPHOMETRY AND MERISTIC COUNTS

. The fgasurements of morphometric characters of L. gachua
'in percentags of standard lerngth havesbeen presented in Table 8

and summarised. below.

Pre=Dorsal Lenqth

The mean valussg for predorsal length was found to be
1.58 and 2.09 for pond and. stream populations respectiveiy.-
Average psrcentags of standard length was recorded to be 38,63
and 36.6 for pond and etream 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 raespectivaely.
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Snout Length : g 5 - |
Mean values wsre found to be 0,30 and 0.41 and percentags

of standard langth 7.33 anc 7.19 for pond and stream pOpulation

respectivelye.

Eya Diametgr : .
Mean values were 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.
MeanJValues were 0.99 (Pond) and 1.05 (Stream).

Inter~0Orbital Length : -

Mesan values were recorded to be 0.62 (pond individuals)

and 0,79 (stream individuals). The percentage of standard
length was 1515 and 13.85 for the individuals from pond and

stream respectively.

Length of upper Jaw

Thie in percentage «¢f standard length was 10.5%1 and 9,12
for pond and stream specimens respectively. Mgan values wsre
0.43 (pond) and 0.52 (stream).

Head Depth : ' ’
Mgan values for head depth wsre 0.64 and 0.88 whereas,

in percentage of standard length, these were 15.64 and 15.43

for pond and stream individuals respecﬁively.

Body Depth : _
Mean values were found to be 0.77 and 1.1 and psrcentage

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 0,40 (pond) and 0.6 (stream). The

values of percentage of standard length were 9.77 and 10.70

for pond and stream fishes..

Length of caudal peduncle :
Mean values were 0457 and-0.79 for pond and stream indi=-

Uiduals respectively. Value in percentage of standard length
did not differ in both casee, being 13.93 for pond individuals

and 13.85 for stream individials.

Lengﬁh of dorsal fin :

Mean values were found to be 2.22 and 3,13 and in percsen=-
tags of standard length these were 54.27 and 54.19 respectively

for pond and stream individuals.

Height of pectoral fin ¢

Perbentage\standard length values were 20.04 and 19.64
and the mean values wers 082 and 1.12 for pond and stream

individuals respectJvely.

Height of ventral Pin ¢

Mean values ware reccrded 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 of anal fin :

Mean values were found to be 0,43 and 0.68 and in percen=
tage of standard length values were 10.51 and 10,52 for pond

and stream specimens, -

Bass of anal. fin

Value for percentage of standard length was higher 'in
stream population i.e. 34.56 than the pond population 33.98.
Mean values wsre 1.39.and 1,97 for pond and stream individuals

respectively.
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TABLE o9

A COMPARISON OF THE MERISTIC CHARACTERS OF TWO POPULATION OF
CHANNA GACHUA,ONE FROM THE POND AND OTHER FROM THE STREAM.

' TN ST REATM
PARAMETERS -_%Uerage Range Average ‘ Rangs
Dorsal fin rays 3241 31 - 34 31.5 31 = 34
Pectoral fin rays 13.3 11 - 14 13.2 13 = 14
Anal fin rays 1746 173= 19 194G 16 = 22
Caudal fin rays 13.0 Constant 13.0 Constant
Lateral line scales 3845 37 = 40 3845 36 = 40
Lateral line fran- 33/5% Constant 3%/5% Constant

sverse scalss.
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Girth ¢
Girth values were recorded to be 65.52 in the pond indivi=

duals and 63.85 in individual from the stream when‘représented

as a percentage " of standard langthe

MERISTIC COUNTS

The results of the varibus meristic counts obtained for
Ce. gachug from. both the systems are presénted in Table- 9, The
dorsal fin rays‘were found to range from 31=34 in the individuals.
from both the ecosystems. Average fin rays were recorded to be

32s1 2and 31.5 for individuals from pond and stream.

The pectoral fin rays ranged from 11-14 and average fin
ray count was 13.3 for the specimens from the pond. In the cass
of individuals from stream, the fim rays rénged from 13=14 and

the avergge count was 13.2,

Anal fin rays ranged from 17 to 19 and 16=22 for the in=
dividuals from pond and stream réspectively. Average counts wsre

17.6 (for pond specimens) and 19,0 (for stream individuals).

The caudal fin rays were 13 in both the cases and con=
stant 1in number. The lateral line scales ranged from 37«40 and
36=40 in both the populations. Average counts were 38.5 in both
the cases. The lateral 1line transverse scales were found to be
constant. The count being'B%/S% 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 show a difference in the equafions as

follows t=
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1.2799 + 1.1649 % (Pond population)
= 0.4414 + 1.1894 X (Stream.population)

i

< =<
noon

Similarly, differences have been observed in regression
equations of standard length Vs predorcal length; head lengths
snouf length; eye diameter; post-orbital lengths; inter-~orbital
length; body depth; head'depth; length of dorsal fin; length of
caudal peduncle; height of bectoral-Fin; base. of anal fin and
girth. Only standard length Vs height  of dorsal fin gave a
somewhat similar result in both the 'populetiqns. The equations

are s
Y
Y

-~ 043789 + 0.1234- X (Pond population)
~ 0,2978 + 04,1169 X {(Stream population)

The value of the Height of dorsal fin expressed'in percentage of

standard length wereAalso found to be (jsimilar in the individuals
' from both the pond apd stream (Table 10). The observed values of
all the mcrphometric measurements when plotted as scatter diagram

aggregate in straight lins.

INTERSPECIFIC DIFFERENCE :

The measurements of morphometric characters in percentage

of standard length for.Channa stewartii and C. punctatus have-

been summarized in Tables013 & 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 were found

to be different 1in all the spescies studied.

The values of pre~dorsal length; head length; eye diame~
ter, post-orbital length, inter-orbital lehgth, length of upper

- jaw, 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

t i 1 {
coeidealll am= 1 10=29mm | 30-49am | 50-69mm | 70-89mm
Ratios ! ol ! !
_______ L A N S,
TL/SL 1424 1422 121  1.20
TL/H 3.83 3093 4410 3491
TL/BD 6e43 6445 6.80 6425
TL/DF 2428 2.24 1 2421 2423
TL/10W 7.93 B.42  B8.45 7459
TL/ED © 17.0 19.6 22432 21413
H/ED 1.44 1455 1461 1466
I0W/ED 2414 2¢33 2.63 2.78
H/PF 1449 1452 1446 1.57
TABLE 12

MEAN BIOMETRIC INDICES IN VARIOUS SIZE GROUPS OF CHANNA BACHUA
* FROM °~ THE STREAM -

' ! 1 N 1 =
Length. groups! 1 1 1

e “‘10-29mm§30-49mm§50-69mm§70-89mm§90=109mm§j10-129mm
TL/SL 1.21 1.18 1.20 1.19 1.20 1.18
TL/H 3.88 4e12 4e14 4402 4406 4e13
TL/BD 547 6475 6.36° 6428 641 6.0
TL/OF 2.33  2.13 - 2.16 2.10 2417 2.22
TL/I0W 6446 8.90 8.76 8.89 8.71 . 8.57
TL/ED 12,3 2244 24,2 24.75  26.91 28.57
H/ED 1,07 1.56 1.70 1.82 1.96 1,98
I0W/ED 2.06 2451 2.76 2,78 3,08 - 3.33

H/PF 1.28 1.5 1,43 1.50  1.53 1.52

Sy



MORPHOMETRIC ANALYSIS OF CHANNA STEWARTII

TABLE 13

Paranoters  Mean [vepese . fanes B of
Length Length

Predorsal 17.58 33.38 1065 = 2640
Head 14453 27459 8.0 = 2140
Snout 3.80 7021 2.0 = 5,8
Eys 2.84 5439 2.0 = 3.6
Post orbital 8498 17.05 5.2 = 13.0
Inter orbital 7191 13,65 445 = 10,0
Length of Upper Jaw 4e71 B.944 2.5 = 7.0
Head depth 7463 14448 4.9 = 11.0
Body depth 9463 18428 562 = 1345
Least height of body  5.46 10436 3.0 = 8,5
cength o ot 6.36 12,07 4.6 = 9.0
Length of DaF. 32415 61.05 1840~ 4640
Height of D.F. 66475 12,29 440 = 10,0
Helght of Pectoral 1125 21436 6.0 = 16.0
Height of Ventral 4471 8.94 2,0 = 740
Height of Anal 5.87 1114 3.0 = B.8
Base of Anal 22,0 41.77 12.0 = 32.0
Girth 3175 60,292 19,0 = 44,0
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TABLE 14

MORPHOMETRIC ANALYSIS OF CHANNA PUNCTATUS
Pavameters  fean  Vage Eof  Range B of
length length

Predorsal 14,61 38.64 8.2 = 10.0
Head 11.96 31463 Be0 = 16.0
Snout 2.855 7455 1.8 = 4,0
Eye 2430 6.08 1.6 = 3.0
Post arbital 6495 18.38 441 = 10.0
Interorbital 5.43 14.36 3.1 = B,0
Length of upper jaw 3,88 10426 2.8 = 5,0
Head depth 6620 16439 4.0 = 8.5
Bady depth 7.20 19.04 448 = 10.5
Least height of body 3.78 9.99 2.0 = 5.1
Length of S ne1e 5,08 13,43 2.8 = 7.0
Length of dorsal fin 20.93 55435 12.0 = 28.0
Height of dorsal fin 4441 11.66 146 = 7.0
Height of pectoral Fin  8.26 21.84 5.0 = 12.0
Height of ventral fin 3,05 B.06 1.0 = 4.8
Height of anal fin ° 3.81 10.08 7.0 = 64,0
Base of anal fin 13634 35,28 740 = 1840
Girth 24,81 65461 14,0 = 34,0
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when expressed in percentagm,of standard lenqgth were found to be
higher in C. punctatus in comparison to C, stswartii (Tables-13
&‘14). Only few characters viz. least heighf of body, length of
dorsal fin, height of dnfsal fin, height and base of anal expre=
'ssed in percentags of standari length weré found to be higher

in C. stewartii.

BIOMETRIC INDEX IW C. SACHUA

For sach character, a mean bicmetric indek for each 20 mm
iength groups has been calculated. It is quite clear in the pre-
sent study from the Tables 11. & 12, that the growth of head, dor=-
sal fin and standard lengtii in relation to the total length in
C. gachua for the size range studied are isometric. The growth
of body depth and inter-orbital width in relation to total length
illustratss positive allomatrv whéféés, that of eys-diameter
(ED) ia relation to total length (TL) shows a negative allometry
(Figs. 18 & 19)s This has been observed for the individuals both

from the pond and stream.

The ratios between head and eye diameter (H/ED)s Hsad.and
pectoral fin length (H/PF) and betweer inter-orbital width and
eye diameter (IOU/ED) were examinéd to see whether or not, they
Vafy with increass in size of the fishe. The results are tabulated

in Tables 11 & 12,

BIOMETRIC INDEX IN C. STEWARTII AND C. PUNCTATUS :

For abch'character, é mean biometric index for each 10 mm
length groups was calculated to see whsther it is constant or
varying with increase in size ofi*the total length (Tables 16 &17).
In the present study it has been observed that the growth of ths

head, dorsal fin and standard length in relation to the total

[
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TABLE 16

MEAN BIOMETRIC INDICES IN DIFFERENT LENGTH GROUPS OF CHANNA
- STEWARTIT R

Length drouns 34-45mm 46=55mm 56-65mm 66=75mm 76=B5mm 86=95mn

- e MR WU S M A R VM e eSE R TR g WEl wSE WA AAR e v

TL/SL 1424 1.23 1421 1422 1.18 1.23
TL/H 4450 4436 4441 4425 4441 4e52
TL/BD 6492 6440 7412 6400 6458 7.03
TL/DF 2.00 2.08 1.97 2,00 1.88 2,06
TL/IOW 8,00 8.80 B.76 8.80 9.02 9.50
TL/ED 18400  19.59  25.90 22,00 21.84 (26.38
H/ED 4,00 4448 5.86 5.16 4494 5.83
I0W/ED 2425 2422 2495 2450 2442 2477
H/PF 1.33 1429 1429 1.29 1.25 1431
TABLE 17
MEAN BIOMETRIC INDICES IN DIFFERENT LENGTH GROUPS OF CHANNA
; PUNCTATUS -

Length groups

Ratios

28«37 mm

38=47 mm

A WM OS wRD OB GE e s e Am sy w

48«57 mm 58=67 mm
1419 1«21
4,00 3487
6,70 6420
2416 2421
9.13 7675

20.38 20.66
5.09 533
2423 2466
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length in Ce. stewartii and'g.lpunotaggg are iscmetric or in other
words it exhibits a constant index (Figs. 20 & 21). The gro@thv
of the body depth in both C. stewartii and C. punctatus and in=
tafuorbital width in C. Eunctaggg in relation to total length, .
illustrates pbsitiue allometry whereas, eye diameter in relation
to total length both for C. stewartii énd'g, punctatus shows a
negative allometry. Inter-orbital width in relation to total
length for C. stewartii unlike others also shows negative allo-
metry. The ratios wsre examined between head and eye diameter,
head and psctoral fin and inter~orbital width and eys diamsetsr
to see whether they vary - with increase in size of the species

studied. or not ?

LENGTH ~ WCIGHT RELATIONSHIP

LENGTH-WEIGHT RELATIONSHIP IN C. GACHUA ¢ : ’

The entirs lenqgth weight data of Channa gachua was pooled

into a single equation which was calculated to be :

Log ¥ = «5.2609 + 3,1821 log TL (Limnophilic specimens)
r = 0.9963 E
Log Y = =5.7104 + 3.3942 log TL (Rheophilic specimens)

where: Y = Total weight and X = Total length. A. high correlation
befween length and weight has been indicated by the corrslation
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 L°+1827

and for rheophilic individuals

W = 0.000001945 L°*>742
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- -
' 1

Since the "b® values are 3,1821.ahd 3,3942 in the specimens from

the pond and strzam respectively, indicates that it follows clo=

sely the cubic law for isomeitric growth.,.

On plotting the anservéd‘average weight of the s%ecies
(C. gachua) collected from both the systems, against the average
observed length, a parabolic curve has bean obtained (Figs. 22 &
23)e A logarithmic grc@th prepared with the above data showed a

straight line relationship (Figs. 22 & 23).

LENGTH;WEIGHT RELATIOMNSHIP IN C. GACHUA DURING DIFFERENT SEASONS:
The length-weight relationship was calculated during the
different seasons to sees the seasoﬁal impact on the relationship.
Summer and winter 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

streame.

LENGTH=-WEIGHT RELATIONSHIP IN JUVENILES DF'Q. GACHUA
The leng£h=weight'relationship in juvenileé is based on

fishes ranging from 18.25 mm to 4é.36 mm (Pond individuals) and

14,0 mm to 54.5 mm (stream individuéls) in total length. The re-

gression esquation for juveniles were estimated to be @

Log W = =4,8503 + 2.8743 log TL (Pond individuals)
T = (0.9982

Log W = =5.6768 + 3.3667 log TL (Stream individuals)
r = '0,9028

The parabolic eduation were determined to be :
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0.00001409 t 2.8743 for limnobhilio specimens and

0.000002104 L 33667

W
W

it

for rheophilic ones.

\

The exponential index (b) for the specimens collected from pond
was less than three™ (2.B743) which reveals that the weight of
the species during the juvenile stage is lighter in relation to

its - length unlike the spescimens from the stream.

LENGTHaWEIGHT RELATIONSHIPS IN ADULTS OF C. pACHUA=:

The length=weicht relationshipé in adults is based on the
specihens ranging from 52.7 mm to 81.5 mm and 58,0 mm to 120.0
mm from the pond andlstream respectively. Ths regréssion-and the

parabolic squations are :

~6.1297 + 3.6456 log TL (Pond population)

- Log W =
T = 0.,9945 ‘
w = 0.0000007413 (°*°426
and : Log W = =5,5723 + 3.3247 loy TL (Stream population)
r = 0.9978 ‘
w = . 0.000002673 L °<3247

A high correlation becwsen total length and body weight is indi- -

cated by the corrélaticn coefficient, The "b% values were found

to be slightly higher than thrse (Tebls 18) which shows that £he

individuals are heavier i% relation to its length,.

LENETHuWEIGHT RELATIONSHiP IN C. STEWARTII AND C.o. PUNCTATUS
For interspecific comparisons in the'length-weight rela-

tidnship in Channids, C. punctatus collected from the pond and

C. stewartii from the stream have been taken into consideration.

The regression equations, correlation coefficient and
exponential indices have been tabulated in Table 19. The. results
obtained during the present study indicates that the exponsntial

“values (b) in C. punctatus and C. stewartii are less than "3".

which indicates that their growth{#s allomstric unlike C. gachua.
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LENGTH FREQUENCY DISTRIBUTION O? C. GACHUA.
" To find out the length Frequehcv-distribution, a graph
(Fig;1f) has been preparad by converting the Freduencies into
hercentages ana Dlofting‘thelﬁame against the respective lquth
groups. The frequency polygon for the entire period of study as
shown 'in Fig.17. which indicates the'presence of two distinct
modes, the first at 21=25 mm length group in both the population
and the second at 46«50 mm in the pond population and 91=95 mm

length grdup in the stream population.

. | CONDITION FACTOR

MONTHLY FLUCTUATIONS OF CONDITION FACTOR IN C. GACHUA :

Monthwise averages of ponderal index of entire one year
has been calculated to elucidatz the seasonal fluctuations and
is tabulatéd in Table 20+ The "K"‘Values showed a steady rise
from the month of 6ctobép to attain é.peak during July iﬁ the
limnophilic specimens (Fig. 24B)e In the case of specimens from
the stream there was a rise from December ondards attaining a
peak in April (Fig. 246). From August, the values dropped down
to a minimum in both the pond énd streah (Table(20). It has
also been observed that the speciés (C. gachua) from both the
systemsvattain a sﬁall peak durirg the year i,s. from April fo
July, whereafter the 5K" valuss Crop‘abrﬁptly. |
_SEASONAL FLUCTUATIONS OF CONDITION FACTOR IN DIFFERENT LENGTH
GROUPS :

In ths present‘study, the condition values at different
lenéths showed that conditioh of the smallest size group is
mich higher (Fig. 24A), which indicates that juveniles have

betier condition factor.



TABLE 20

MONTHLY FLUCTUATIONS IN THE CONDITION FACTOR OF
CHANNA GACHUA

. MONTHS POND STREAM
SEPTEMBER 0.977 1.016 -
OCTOBER 0.710 - 0,950
NOVEMBER 0.925 0.918
DECEMBER 0.989 0.900
JANUARY 0.980 0.937
FEBRUARY 0.972 0.987
MARCH 0.941 1.000

APRIL 1.015 1.206
MAY 1.009 1.060
JUNE 1.015 1.019
auLy 1161 1.182
AUGUST 0.862 0.904

TABLE 21

FLUCTUATIONS IN THE .CONDITION FACTOR IN DIFFERENT
LENGTH GROUPS OF CHANNA GACHUA

LENGTH=GROUPS mm POND STREAM
16,0 =~ 20,0 1,041 0.771
21.0 = 25,0 0,992 0.893
26,0 =~ 30.0 0.824 0.819
31,0 = 35,0 0.894 1.019 -
36,0 = 4040 0.886 0.941
41.0 = 45,0 0.938 1.014
46,0 = 30,0 0,917 0.876
51.0 = 55,0 " 0.988 1.010
56,0 « 6040 0.955 1.060
61.0 = 45,0 . 1.030 1.029

6640 = 70,0 1.102 1.002
71.0 = 5.0  1.259 1.051
76.0 = 80,0 1.321 0,993
8B1.0 = 85,0 1.164 1.212
86,0 = 50,0 - 1.200
91.0 =~ 95,0 - © 1.100

126.0 = 13040 - 10273
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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 populatione In the next size groub (i, 3135
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 lennth group for stream specimens (Fig. 24.4).

The "K" values after reaching its peak in 31-35 mm length
grodps (Table- 21), the growth seems to be somewhat cyclic in
nature. Each peak is followed by a decline in the condition fac-

tor and gradual recovsry.

MATURITY AND SPAWNING IN C. GACHUA

!

MATURITY STAGES : : 4
‘The various maturity stages cbserved are summarized in

Table-22, Pollowing the classification of Nikolsky (1963).

CYCLE OF MATURATION s

DVary conditior. progressed From'immature Stage I from
February to maturity (Stage IV) in June and reproduction (Stags
V) in July-August. The Stags VI (spent) were recorded in the
individuals which appeared during Auqust=September and wers found
to be present till October=Novembser. This indicates that spaw-
ning occurs in July and August, Thé ovaries in the specimsns
collected Prom Rugust onwards were shrunken, small énd degenera=-

ted with dark coloured ova, reflecting the postespawning season.

OVA-DIAMETER STUDY :
The various stages in the ovarian development of mature
C. gachua are given i{ TableG22. The ova=-diameter study revealed

six stages of maturity. These stages were in agreement with
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those delineaﬁed macroséﬁpicaliy fcllowing the classification of
Nikolsky (1963). The ovaries QF_thé species from both the popu=
lation mere Fﬁund to contain only one batch of maturing ova clea-
rly demarcated Frém the immature stock. The size of the mature
ova in Stage IV fanged from 0O.64 to 0.74 mm, No ova of interme-
diate size between small and bié Qo mature ova could be
observed. The spent 6Vary gontaiﬁed degenerating ova in different

stages of maturity,

GONADO=SOMATIC INDEX :

The condition of éonads is indicative of the breeding
season of fish (Sinha, 1975). Seasoral changes in the coefficient
of maturity of female has been presented in Fig. 25. The sams
could not be calculated in the case of males because of their

irregular availability during che whole year.

Gonado=-somatic index increased progressively from February
onwards (Fig. 25) reaching its maximum (1.54) in July for the
specimens from the stream. In the pond population, GneS.Il.showed
~appreciably high value during September, whereafter the values
showed a decreasing trend in October, Ncvember and December (Fig.
25)+ In August, the Gn.S.I. values dropped down to 0.27 and 0.18
in stream and pond population‘respectivelya High values of Gn.SJ.
have been recorded during May to June which indicates thaﬁ the

spawning season ranges from May to July (Tables22).

- Plotting the Gn.S.I. values against diFFereﬁt length‘
groups (Fige 26) indicates that there is a definite tendency for
the GneSele to increase with the increase in fotal 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 GONADG=SOMATIC INDEX (Gn.S.I.) IN CHANNA GACHUA.
DEGREE OF MONTHS OF RANGE OF MEAN
STAGES miruraTion ~ APPEARANCE  pyp7i pBT- OVA DIA= Gn.S.I.
LITY METER (mm) OF POND
& STREAM -
I Immature Ova transparent February 0.184 to 0.80
and yolkless to March 0,272
II Resting Translucent. March to 0,280 to 1.50
= : April 04520 -
ITI Maturation Translucent and May 0.560 to  1.45
: yolklesse 0.629
1V Maturity. Ova large and June 0.640 to 161
fully yolkaed 0.720
v Reproduc-= 0Ova largs and July to 0.744 to 154
tion free from sach August 0772
ohaher. ,
VI Spent Shrunkens,small September 0,200 to 1.30
and degenerated to Octo=- 0.280
dark coloured ber

ova, together
with transparent
ovary.
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specimens collected from pond and stream respectively and then

drops to lowsr levels.

'SPAWNING SEASON :

As mentioned earlier, spawning activity in fishes can be
classified into four types. Observations based on the data on
maturity studies of (. gachua indicate that the fish belong to
the Typs=~l of the categofies stated (as indicated in Materials

«

and Methods). '

o

The cycle of maturation already described earlier pro=-
Qidés a good indication of the extent of the development of
ovaries with respect to the time of thg year. Ovary condition
progresssd from immature stage I from February to maturity
(Stage 1V) in June and reproduction (Stage V) in July=-Auqust,

indicating that spawning occurs during June to August.

SIZE AT FIRST MATURITY

No immature specimens of C. gachua were encountered dur-
ing the breeding season. It has been obssrved that all the spe-
cimens bslow 36.0 and'ai.D mm from ths pond and the stream res-
pectively, wsre 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 éize group onwards

in the pond and stream population respectively.

FECUNDITY

In C. gachua individual fecundities varied considsrably
from individualsto individual and ranged from 243 eggs in ths

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 87.0 mm in
total length and B.624 gms iﬁ total weight for individuals from
the stream (Tabléjzz).'ln the individuals from the pond, the
Pecundity varied Ffom,160 eggs in the specimen measuring 60.0
mm in length and weighing Zof84 gms to 1170 in the specimens

measuring 96.0 mm in length and 10.15 gms in weight (Table 24).

The relationship between fecundity and total length,
Pecundity and total weight, fecundity and ovary weight and total
length and ovary weight have bsen calculated and presented in

Fig. 28A to F.

(I) Fecundity versus total length : On plotting the fecundity
values against the total length (Fig. 28E & F), a curvilinear
relationship has beenﬁobservedywhich indicates that the number
of sggs increased with the increase in length. When expressed
logarithmically, it ogzve a straighf line relationship which in=-
dicates that the nuhbet of eggs in the ovaries increase in por=-

portion to the length of the fish. The equations derived ars :

-
il

Log F = =2.0600 + 2,5490 log T. (r 0.8657) for pond
population; and

Log F = =5.2465 + 4.,1751 log TL (=
population. '

0.7427) for stream

The correlation coefficient wers found to be quite'high in both
the cases thereby indicating a high degree of positive correla=
tion (P < 0.01) bestween the two parameters. The relationship T =
between fecundity. and length from both the pond and stream pop=

ulation has been illustrated in Fig. 28E€ & F,

(11) Fecundity versus Body weight : The relationship between
Pecundity and body waight was found to be curvilinear for both

the populaticns (Fige. 28A & B). On plotting the log values for
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body weight and Pecundity, » straight line relaﬁionship has bseen

observed and the derived regression sguations are &=

Log F = 2.1628 + 0.8706 log W (r
populationy and

Log F = 1.7740 + 1. 2320 log W (r
population,

0.880) Por the Pond

0.781) for the Stream

The correlation coefficient values were found to be significan=

tly high (P < 0,01), thereby indicating a high correlation.

(III) Fecundity versus Ovary weight : Regression analysis indi=
cated significant relationship between fecundity and ovary

weighte The squations describing the relationship are :-

Log F = 3,2718 + 0.5084 log ow (r
‘population; and

Log F =.3.4211 + 0.6924 log ow (r
populatlon

0.9361) for the Pond

0.8628) for the Stream

High *r' values in both the cases indicate high correlation
(P < 0,01). Fécundity, plotted against ovary weight revealsd a

linear trend {Fig. 28C & D),

(IV) Total length versus Overy weight : The mean valuss of total
length and their respective gonad weight were arranged to sstabe-
lish the relafionship between thess parameters. Like other para=
meters, logarithmic representation gave = straight - line (Fig.

29A & B) and showed an\increaéing trend in gonad meight with the

increase in the body length. The regression squations ars :=-

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
population.

0.7760) for the Strsam

High correlation of coefficient in both the cases has been com=-
puted which shows a high correlation (P < 0.01) betwsen these

parameters,.



| TABLER 23
FECUNDITY IH THE STREAM POPULATION OF CHANNA GACHUA

TOTAL LENGTH BODY .OVARY . RELATIVE
- (mm) WEIGHT WEIGHT FECUNDITY  FECUNDITY
(gm)  (gm) |
6740 3,10 0,050 218 1025
70,0 3,45 0,043 251 7247
7740 4.39 0,025 243 55.2
7840 4.94 0,075 547 110.7
8240 6.54 0,108 333 50.8
8440 7.12 0.150 862 120.9
87.0 8.62 04247 1523 17646
92.0 9.61 0250 583 6046
96,0 9.11 0.207 1125 123.4
TABLE 24 - -

FECUNDITY IN THE POND POPULATION OF CHANNA GACHUA

TOTAL LENGTH BODY  OVARY RELATIVE

(mm) WEIGHT WEIGHT FECUNDITY  FECUNDITY
gm (gm :

4840 1.13  0.010 275 24343
53,0 1.328  0.013 229 16547
5440 1.78 0,017 252 141.0
58.0 1.86  0.015 175 93,9
6040 2,18  0.012 160 7342
6140 2.65 0.040 276 10441
6240 2.45 0,028 343 140.0
7240 4,70 04150 513 109.1
82.0 6e42 0,200 1040 22142
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RELATIVE FECUNDITY :
Data on relative Fedundity:has been presented in Tables

23 & 24, Relative Féoundity was found to befhigher in the pond

population (140.67)‘whefeas, in the stream populatioh, it showed

relatively lass value (97.044).

FOOD AND FEEDING HABITS

COMPOSITION OF GUT CONTENTS :

Different ﬁercentage composition of each food items in in=
dividuals bqth from the pond and streaﬁ have been summarized in
" Table-25. Food elements Paund in the digestive tracts of all
the specimaens BXamined have been arranged in Fouf broad groups,
iees (1) Detritus (II) Uegetable matter (III) Phytoplankton and

(1V) Zooplankton (Fig. 30A & 8).

(I) Detritus : It is seen that this group formed 61.8 and 57.3
percenﬁ of the diet in the gut for pond and stream individuals

respeotively'and these ranked as the most preferred food item

(Fig. 30A & B8).

(11) Vegetable matter : This group figures next in order of pre-
ference, forming a total of 25.3% in the gut of the pond indi-

viduals and 25.8% in the stream ones.

(I11) Phytoplankton : It was represented by Chlorophyceae and

Bacillariophyceae members.

(a) Chlorophyceae : This group of algae was represented by

Scenedesmus’s Spircayra; Zyonemas Mougoetiaj; Phacuss Gymnogygas

Pédiéstrum; Microsgorag Ulcthfix; Botryococcusy Hyalothecas

Netrivms; Pinnullaria; Closterium; Cosmeriums Euastrum; Pleuro=-

tagnium; Penium and Desmidium. Of these, Spirogyra was found to
be the most abundant, next being Ulothrix in the fishes from

the streams, i} : {5{ . @fﬁ\whereas in the pond population,
L0y _
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it was Mougoetia. Chlorophyneas made up to 2.94% and 8.85% for
pond and stream individuals respesctively,

(b) Bacillariophyceae : The diatom present in the guts were
represented by the following genera :- Syredra; Navicula,

Diatomas Nitzschia; fregillaria; Amphora; Cyclotella; Caloneis -

and Tabellaria in varying percentages and formed only 3.22% and
6444% in the individuals from the pond and stream respectively.
Navicula was found to be the most abundant in both the casese.
(IV) Zooplankton : In the gut of the species, zooplankton comp=
tided of Cladocera,_Copepoda and Rotifera. Their pesrcentage com-
position in the gut contents were found to be 5.55% (pond indi-
viduals) and 1.4% (stream  individuals). Copepoda being the most

abundant, followed by Rotifera and Cladocera.

Copepoda comprised of Cyclops and their nauplii Rotifera was

was represented by Brachiounus ard Chromogaster. Among Cladocera

Chydorus, Bosmina, Daphnia, Eurycercus and Alonella were found

in the gutss

~

Apart Froh thess, Crusfacean eggé wére also present in ths
gut confents. The rest of the gut contents which comprised of
0427 in fhe,poﬁd specimens and 0.031% ir the stream specimens
could notobe identified as they were-partially digested, hence,

‘kept in a separate group "unidentified materials”,

RELATIVE IMPORTANCE OF FOOD ITEMS :

fhe relative importande of the major food items for the
“whole year'has beeﬁ shown in Fig. 30. It is evident that the
largest component of the diet @as detritus which accounted Pﬁr
6148 and 57.3% (for pond and stream individuals respectively).
Next in order of . preference maslvegetable mattér making up 2643

and 25.8% for pond and stream individuals respectively. Monthly

\



TABLE 25

PERCENTAGE OCCURRENCE OF DIFFERENT FOOD ITEM IN THE GUT
OF CHANNA GACHUA FRCM THE POND AND STREAM POPULATION.

% AGE OCCURRENCE

POND STREAM
Oetritus ' 61.86 57432
. Vegetable matter 26435 25.87
CHLORCPHYCEARE :
Scensdaesmus _ 0.015 | -
SpirOera 1.40 3062
Mougoetia ' "0.396 126
Zygnema 0.207 0.013
Phacus ‘ 0.004 -
Gymnogyga . 0.006 -
Pediastrum 06125 -
Microspora 0.012 0.44°
Ulothrix 0.20 2.489
Bolyococcus 0.022 -
HyalothE!Ca U026 Dc676
Netrium 0.012 .-
Pinullaria 0.053 0.228
BICILLARIOPHYCEAE :
Doecidium 0.0045 0.019
Synedra 0.50 0.90
Navicula 191 - 34878 .
Diatoma - 0.325 0127
Nitzschia 0.076 -
Fragillaria 0.138 0.636
Amphora - 0.056
Cyclotells . , - - 0.074
- Caloneis o 0.261 - 0.719
Tabellaria ' 0.015 " 0.039
DESMIDIACEAE
Closterium C 0.015 0.059
Cosmarium 0.09 -
Euastrum 0.095 -
Pleurataenium ‘ - 0.005 -
Penium 0.007 0.021
Degmidium 0.02 0.051
CLADGCERA '
Chydorus 0.0094 -
Bosmina : 0.012 -
Daphnia _ v 0.10 -
Eurycerous , 0.005 -
“Alonella 0.27 - 0.039
COPEFGD '
Cyclops 1.69 0.733
Nauplii ' © D.007 0.017
Cruskacean egg 3 .06 0.641
ROTIFERA ‘
Brégﬁionus 0ot "~ -

Chrgmegaste 0.028 -
Ue Po Mo 0.27 0.031

-
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variations in the relative importarce of the major components

of the diet arz given in Figs. 31,

SEASONAL FLUCTUATIONS IN THE FOOD COMPOSITION ¢

 The percentagé composition of eabh item of food in the
diet of the fish during different months of the year has been
enumerated in Tabies-26 & 27, from which it can be seen that
there are very slight variationse Detritus formed a major part
0? the food item {hroughout the ysar. The fluctuations in the
percentaqgs compositiqn ranged from 54.24 (December) to 6849
(April) and 48.64 (September) to 71.63 (June) in individuals

Prom stream and pond respectively.

Vegetable matter made up from 20% (3uly) to a maximum of
 32.57% (August) in the Fish Prom stream. In the pond individu=
als, the percéntage composition rangéd from 18.9 (July) to 32.03%
(Septembsr), being the second mcst important component of the
diete. Maximum guantities cf Chlorophycezs members were found in
the months of November (Fof pond individuals) and December: (for
gstream individuals). It's percentage composition ranged from
0.02:% to 17.71 % in-Nouember; For tha individuals, From the
stream psrcentage composition ganged from 1.66% (Novembsr) to

13.77% in February.

Highest percentage of diatoms were recofded during Sept=
gmber and Dbtobsr and the percentage composition ranged from a
minimum of 0.8 (July) to 4.37 (September) in the specimens from
the'pond. But in the individuals from the stfeam, the percentage

composition were found to be 1.71 (August) to 12.86 (May).

The zooplankton population varied in its percentage com=

position from 0.7 (February) to 14.62 (July) in the quts of the
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individuals from the ponde {vclops wers found to be the most do-

minant food itam among zooplankton, followed by crustacean eggs,

Alonslla and Brachionus. Among the stream individuals, zooplank=

ton composition ranged from 0.Z3 in lebruary to 6449 in Septem=

bere. Cyclops were found %o .tbe the most dominant followed by

crustacean eqgs, Nauplii, Aloneils, etc.

It can be seen from Fige. 31 that there were slight varia=-
tions in the major components of the diet, but on the mhole,
Detritus and Qegetable matter were found to be the most prefe=
rred food item, representihg 60=-80% of the diet, throughout ths

period of the studye.

FOOD CDMPOSITIdN OF VARIOUS SIZE GROURS :

The data on the gut contents of various size groups have
been pressnted in Tables 28 & 29 and the percentages of occurr-
ence of their groups are depiscted in Fige. 32, Salient featurss

of the observatione are cdescribed below (=

SIZE GROUPD I (10-29 ﬁm) t= In the poﬁd indiuiduals, Detritus
constituted 60¢27% of the ogut contents. Néxt in the order of
abundancs was végetable matter (28.53%);‘Chlorophyceae and Bace=
illariophyceae were represented by 2.32 znd 0.86% respectively.
The various members of Chlarophyceae and Bacillariophyceae found
in the guts are tabulated in Tables- 28 & 29. Zooplankton consti=
tuted 7.39%. Stream individuals of the same size groups showed
the pressnce of Detritus making up 65.82% and 30-31% vegetable
mattar. Chlordphyceae amoﬁg phytoplankton and zooplankton were
found to be absent. Bacillariophyceae mads upto 3.79% of the

total gut contents being rspresented by Synedra sps. only.
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SIZE GROUP. II (30-49 mm) : In this size qroup, detritus was
représented by 61¢33% of the gut carntentz and vegetable matter
by 26.16%, Among pﬁytoplankton, Chlorephyceae consisted of 1.46%
and was found to be the richest qualitatively. Bacillariophyceas
mads up 2,68% and was represented qualitatively by the maximum
number of genera. Zooplankton was found. to be 8.,19% and showed
the presance of maximum numher 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
ba 65.51%. Vsgetable matter was next in order of preferencs,
- making up 29.36% of the total-gut contenté° Chlorophyceas and
Baciliariophyceae were 2.48% and 1;11% nesbectively.iZooplankton

comprisediof 1420% in the toisl ~ut contents.

5IZE GROUP . III (50=69 mm) : in the pond individuals, Detfitus
constituted 60.23% and vegetabls matter by 28.53% of the total
gut content. Chlorophycsae and Bacillariophyceae repressnted by
0.38% £1d 2.93% respectively. Zooplarkton mads Ub 7.96% of the

total gut contentse

In the individuals frow the'stream, Detritus was found
to represent 54.89% and vecetable matter by 25.5% of the total
gut content (Tabiz-29). The members of Chlorophyceae were 10.84%
and shouwsd the presence of a largs number of.genera. Filamentous
algae were found to be the most abunéant in the guts. Bacillar-
iophyceae comprised of 7.64% and zcoplankton 0.99% of the total

gut contents.

SIZE GROUP. IV (70.89 mm) : In the specimens of this size groups

from pond, Détritus comprised of 64.12%, vegetable matter of -



TABLE 28

PERCENTAGE FREQUENCY OF OCCURREWNCE OF DIFFERENT FOOD ITEMS IN
DIFFERENT SIZE GROUPS OF CHANNA GACHUA FROM THE POND

10=29mm 30=49mm 50«69mm 70=89mm

Detritus | 60,27 61433 60423 64,12

Yegetabls matter 28453 26416 28453 31.85.
Scenedssmus - 0,03 - -
Spiroayra 0.25 - - 0.446
Zygnsma - 0.26 - 0426 0.146
Mougoetia 1.56 0434 0.047 -
Phasus 0.03 S - - -
Gymnogyaga 0.03 0.003 - -
Pediastrum - 0.24 - _ -
Ulothrix 0.33 0.183 - -
Botryococcus V - 04046 - -
Netrium ' - - - -
Pinnularia - 0.024 04045 -
Doedidium ’ - 0.009 - -
Synedra 0.06 0.23 0.28 -
Navicula - 0,75 2.038 1.93 1.34
Diatoma - - D.24 De33 D446
Nitzschia 4 - 0.074 0.045 0.496
Fragillaria . 0.05 0s1 - 04247 - -
Calaoneis : - - - -
Closterium 0.06 0.03 - -
Cosmarium . 0.06 0.113 - -
Eaustrum - De167 0.03 -

. Pleuratasnium - 0.011 - -
Penium : - 0.007 - . -
Chydorus - - D.082 - -
Bosmina ‘ D.03 - - D.236
Daphnia Da57 0.02 . - -
Eurycercus ‘ - - 0,01 - -
Alonella 1.87 0.0 0.114 -
Cyclops 2.95 2,97 274 0.236
Nauplii - 0.007 - -
Crustacean sgg - 1487 4e33 5.05 -
Brachianus ' 0.09 0.121 D.06 -
Chromogaster - 0,056 - D.163

U. P, M, 0.5Y 1.0096 - -




TABLE 29

PERCENTAGE COMPOSITION OF THE SUT CONTENT IN DIFFERENT LENGTH
GROUPS OF CHANNA GACHUA FROM THE STREAM ’

10=29 30=49 50=6 70=89 90-=109 110-129

mm mm mm - mm mm mm
Detritusp 65.82 65451 544,89 51457 47.23 - 58.30
V2, materail 30s37 29436 25,51 264817 19461 28445
Spirogyra - 1.81 2.90 9433 1.97 -
Zygnema = - 0.96 04137 - -
Mougoetia - - 0.52 - - -
Microspora .- - 113 - - -
Ulothrix - 0.67 4.90 172 - -
Hyalothsca - T o= - - 10,74 -
Pinnullaria’ - - 0415 0.75 - ‘ -
Synedra - 0.24  1.84 - 2.02 -
Navicula 379 Te11 355 5.95 10.22 -
Diatoma - - - 0.50 - =
Fragilaria - - D.44 1.06 673 -
Amphora - - - 022 - -
Cyclotella - - - - 119 -
Caloneis - -~ . 1.71  0.20 - -
Tabellaria - - 0,70 - - -
Closterium - - 0.15 - - -
Penium - - - 0«08 - -
Desmidium - - 0.13 - - -
Alonella - - 0.10 - - -
Cyclops - . 0.80 0.69 0455 - 5.69
Nauplii - - 0.04 ~ - -
Crustacean eggs =~ 0.46 0.16 1401 0426 7431

Lo Pe M, - - 0.046 0,05 - -
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31.85% and Chlorzphyceas znd Bacillariophyceze of 0.59% and
2.78% respectively. Zooplankton consisted only D.é?% of the gut
contenté. In the streem fishes, detritus and vepetable mattef
comprised of 51.57‘énd 26.81%7 raspazctively of the gut contents.
Chlorophycsas showed tns presence of 12.01% and Bacillariophy-

ceae 7.93%, whereas Zooplankton was repressnted only by 1.56%.

SIZE GROUP- .V (90-107 mm) : Individuzls of this size group were
present anly in the stceam. In theszs, *the detritug and vegetabls
matter comprised of 47,23% and 19.01% of the total gut contents.
Chlorophyceas members made upto 12.71%. The members of the
Bacillafiophyceae were found to be jresant in maximum numberé in

this size groups (20.16%), Navigula being the most common (10.22%),

Fragillarig . (6.73%), Cyclotella (1.19%), Zoaplankton were anly

D.26% of the esniire gut contentse

SIZE GROUP VI {110~129 mm) : Amonc the individuals of this
group, detritus and vegetsblie matter made upto 58.3 and 28.45%
of the gut —ontents. Chloroghyceas éﬁd 8acillariophyceae members
were marked by-a complete absence. Zooplankton made upto 13%,

of which Cyclops being 5.69% acd Crustacean egg 7431%.

FEEDINMG INTENSITY @

The.obserVations on the feeding intensity, based an gas-
tro somatic index are presented in fig. 33.-0n plotting the
values of gastro=somatic index obtained from total weight and
dressed weight, it has been ébserbed that apaft from magnituds
there was no other diffarence, hence the G.S5.1. values were
calculated anly from the total weight of the individuals from

both the pond «nd ctream (Table 30 & 31).
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SEASONAL VARIATION IN G.S.I. @

For the pond individuals, hioh fasding intensity was
found in September, Uctobsr, November, Decembsr and July, maxi=-
mum beirg ié Novamber and Julys As indicated by the results

(Fige 33B) rest of the manthe had a reduced Féading activity.

Decembsr onwards low G.S.I. values were observed.

-

In the spacimans from siream, high fesding intensity was
?ound in fhe_months of October, Novembar, February and March,
whereafter it reduced to a minimumlin August (Fige 33A). Indivie
duals both from the pond and stream showed two apparent peaks of
fesding intensity, ons arcund October, November and the other
’

A
during February {for stream population) and in July (for pond

* individuals).

FLUCTUATIQNS IN GeSele IN DIFFERENT LENGTH GROUPS :

; Thae obseration of fesding intensity in different length
group of fishes is shown in Fig., 332As It can bs séen that for
 the pond individuals high fesding intensity was bbserved in the
smaller lesngth groups i.8. from 16=20 mm to 36=40 mm length
" group, whereafter the fssding intensity was found to be reduced

with the increass in length.

The stream individuals toa, showed comparatively high
Peeding activity in the lower length groups (21-25 mm till 41-45
mm), whereafter the intensity decreased with the incresase in

length.

FEEDING IN RELATION TO CONDITION FACTOR :
"KM and "Kd“ values for entire and gutted fish respecti-
vely, did not exhibitAany marked difference and show more or

less the same trend. Therafore, only the "K" valus (combined
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sexes) has been taken into consideration. The correlation betwesn
feeding intensity and condition factor (K) has been shown in Fige

34 and the data have been tabulated in Table 32.

It is therefore,; quite clsar that there is an inverss
relationship between tne feeding intersity and condition factor

(Table 32).

The ralatiﬁn between conditicn Factor and gastro=-somatic
index in different leng*th grouﬁs of éishes has been shown in Fig.
35, which indicafes a clear inverse reiations%ip both for pond
and stream individualse. GeSeic¢ values wefe also observed to shouw

an inverse relationship with the gonadosomatic index (Tabls 31).

GUT LENGTH IN RELATION TO BODY LENGTH

The length of the gut (Y) plottad against the total length
(X) is depicted in Fige 2&, which shows that the length of the
qut increases in propcrtien to thes total iength of fishs The re=
gression equations ars :=

y

Y

]

19917 + 064529 X (Fond individuals)
2.4241 + 0,5073 X (Stream individuals)

il

The coefficisnt of correlaticn ‘r' is calrulated to bs 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 ¥ = =2,5485 + 0.,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 VARTATIONS IN THE VALUES OF G.S5.I., Gn.S.I. AND 'K'
FACTOR OF C. GACHUA

MONTHS G T;; : oonﬁ s
AS G
somaTIc somatrc  CRMRLIION G glis.T. Gnus.I. ke
INDEX INDEX ‘
e cs am o wden wr em am em wm o mm wm o wm w wm e e mm e =W mn o e e i wm wm e e
1978
SEP. 4020 1.53 Dq977 3.05 - 10016
0CT. 4410 1414 0.710 4,60 - 0.950
NOV o 5.81 0.34 0.925 6¢55 0.33- 0.918
DEC. 4412 0475 0.989 0.76 D.18 -0.900
1979 |
JAN. 3.50 - 0,975 3.70 - © 0,950
FEB. 2.69 0.30 0.972 6424 0.78  0.987
MAR . 0.637  0.80 04941 4,30 - 1,000
APR. 2.62 1.20 1,015 1.68 0.91 1.206
MAY 2.68 1445 1,009 2.35 1.02 1.060
JUN, 1.60 1457 1.015 . 1.98 1.48 1.019
JuL. 5.59 1455 1.161 0.98 1.54 1.182
AUG. 2.72  0.28 0.8542 0445 0.25 0.904
TABLE 31

VALUES OF G.S.1., Gn.S.I. AND 'K' FACTORS OF C. GACHUA AT DIFF=
ERENT LENGTH GROUPS

LENGTH GROUPS P o N 0o S T RER™M
\mm G;G.S‘I. GneSele ngn GeSeI. GnaSelI. MKHM
16.0 had 2000 ' 3063 ] - 10041 19073 - 00771
2100 - 25.0 3013 ,0058 06992 17056 1046 00993
26,0 = 3040 5.00 0,69 0.824 13,.88 0.69 0.819
31.0 = 35.0 3.55 0e47 0894 11.84 034 1.019
‘3600 oo 4000 4.21 - ) 00886 9-78 0019 00941
41.0 =~ 45,0 2423 0.18 0.938 4432 0.08 1.014 .
46,0 = 5040 - 2.60 0.82 0917 4420 0.18 0.876
510 = 55,0 2650 0.%94 0.988 3,10 0.07 1.010
560 ~ 6040 2.84 0e62 0,955 0.83 De24 1.060
61.0 = 65,0 2.30 0.75 . 1.030 1.48 0629 1,029
66.0 = 70,0 1.30 - 1102 2422 0.87 1.002
710 = 7540 170 . 3619 0 14259 2492 0415 1.051
76,0 = 80,0 1¢24 2.87 1.321 1.64 1622 0.993
81.0 f 8500 1.51 3911 10164 1'22 1.12 1,212
86.0 - 90.0 - ) - hd 2.;5 3.02 1.200
91.0 = 95,0 - - - 3409 3.05 1.100




RELATIVE LENGYH

TABLE 32

OF THE GUT AND ITS RELATIONSHIP WITH K, G.S.I.
AND Gn.S.I,.

SIZE GROUP P 0 N D s T R E A M
(mm) K" GSI GnSI RLG ' GSI GnSI ' RLG
16 = 20 1.041 3463 = 0649  0e771 19.73 = 0.80
21 =325 04992 3.13 0.58 0457~ 0.993 17,56 1.46 0.75
26 = 30 04824 5.00 0.59 0.560) 0.819 13.88 0.69 0.65
36 = 40 0,886 4427 = 044  0.941 9.78 0.19 0.410)
41 = 45 04938 2423 D418 0,48 1.014 4,32 0,08 0,49
46 = 50 0,917 2.60 0.82 0,50 0.876 4.20 0,18 0.45
51 = 55 04988 2.50 0.94 0,48 1010 3.10 0.07 0.49
56 = 60 0s955 2,84 0462 0.51 1.060 0.83 0.24 0,50
61 = 65 14030 2,30 0475 0,50 14029 1.48 0,29 0.51
66 = 70 " 1.102 1.30 = 0.50 1.002 2,22 0.87 0,52
71 = 75 14259 170 3419 0.44. 1.051 2.92 0,15 0.52
76 = 80 1,321 1.24 2.87 0.48() 0.993 1.64 1.22 0,57
81 - 85 10164 1051 3011 00426‘“ 1-212 1.22 1.12 0059
86 = 90 - - - - 1,200 2.45 3,02 0,58
91 = 95 - - - - " 1.100 3.09 3,05 0.51
TABLE 33

" PERCENTAGE COMPOSITION OF THE GUT CONTENT IN C. STEWARTII AND
C. PUNCTATUS .

Detritus
Vegetable matter
Ulothrix .
Spirogyra
Closterium
Navicula
Amphora
Diatomella
Synedra
Diatoma
Netrium
Fragillaria
Caloneis
Tabellaria
Cyclops
Crustacean sagg
Nauplii

Ue Po Mo

0.46

p 0 N -D S T R E A M
C.PUNCTATUS % AGE C.STEWARTIL % AGE
COMPOSITION l COMPOSITION

54,83 22653

18451 961

4457 19.20

10427 27.74

- 0074

3.62 132
1046@ -
2019 et

o~ 1.39 - 4e41

- D.87

- D39

- 0025

- 8,43

- 0.50

- 225

2.19 1.69
0.46 -
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of the full gut (Y) plottsd agsinet total length has been shown
in Figs. 37 & 38.

RELATIVE LENGTH OF THE GUT _

The ratio of the gut length‘to tody length has been shown
in Fige 39, which indicates that the ratio decreases as the fish
Qrows in size from 0.57 to 0.42 for the pond individuals and

from 0.60 to 0.415 for strzam indivicduals (Table 32).

FOOD COMPOSITION OF C. STEWARTII ANDG C. PUNCTATUS
The various ccmponents of diet for C. punctatus and

Ce stewartii have been presernted in Table 33 and shown in Fig. 40.

C. STEWARTIIL : Cthlorophyceas was found to be the most dominant

group, being 47.68%, followed by detritus which made upto 22.53%
of the diet. Bacillariophyceac was 16117%: Unidentified plant
material constituted 9.61% of the total gut contents. Zooplank=
ton present were Cyclors andACrustapeah eggs and their percente-

age cempositicn was 3.54% {Tahle 33).

g} PUNCTATUS ¢ Detritus wes found tc make upto 54.83% of the

diet, being the most deminant. Veget-=ble material constitutsed
18451%, Chlorophyceas and 3acillarionhyceas comprised of 14.84
and 8.66% respectively. Zooplanktore wsre represented by crus-

tacean eggs and Nauplii being only 2.65% of the diet (Table 33).



MORPHOMETRY AND MERISTIC COUNTS
Morphologicel variatiens in fish due to adaptation to new
snvdronment have besn studied 5v manv workers (Schmidt, 1921;
Vladykov, 19343 Taning, 19445 Lindsay, 19545 Fage, 1958; Barlow,
19613 and-Suzuki and Yamaguchi, 198G). In the present study, mor-
pﬁologicél variations have bzsn observed between the two popula=
tion 1.8 from the pond and the stream in C. gachua. Predorsal
'length, head langth, snout length, sve diametsr, post-orbitali
length; inter=ocrbital length, lenogth of upper’jam and girth were
found to be higher ir the specimens from the pond (Table 8).
Height of ;nal rin: height of pectoral fing length of dorsal

‘fin; length ot c2udal peduncle and head depth are practically‘f};
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the sameAin hoth the populatiorsg but body depth; least height
of body; height of ventfal 2in and base of anal fin are higher
in the stream.population; Difference in regression squations are
evident from Table 8, wnich may be attributed to diverse gcolo=~

gical .and environmental conditions prevalent in both the systams.

According to Gould (1966) ratios betwsen characters will
not neccassarilyvbe cunstant for organisms of the same species
due to variation resulting from differences in sex, race and nu=
tritien and other ervironmental factors. Therefore, in the pre=
sent study tvoo, variztions in morgphsmetric measurements may be

attributed to the diverse'enhironmental factorse

Various authors have shown that morpnometric characters
of fish can Vary‘under the influence of environments and in par-
ticuler , the thermal Factor dﬁring the period of incubation and
the beginning of larvel life (Schmidt, 1921; Vladykov, 19343
Tanning, 1944; Lindsay, 1954: ?age, 1958 and Barlow, 1961). Acce
ording to Hubbs (1922) and Tanning {41944), variation occurs in
the rnumbers of vrays in %the unpeirvec fins, in several species
.whiéh is alse related to an adaptetion o mocvement of water of

various density.,

Variagions in the body proportions in the same species
according to hydrographic conditions have also been recorded by
various authors (Hubbs, 19:2Z3 Bsrlow, 1961). They associated
thesé variations with the effect of the duration of periods of
growth and of thc relating diffarentiations which determines

the number of vertebrate and of segments.

As reported by VYazdani and Chanda (1971), Channa stewartii

has 4=5 scales between the orbit ard angle of preopefole and
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12=13 secales o=2fcre thao daxsai fin s5nd furtner stated that it~

comes very cluose to C. orientalis (b1.) Schu. and could be dise=

tinguished fram the lattsr by 3940 rays in the dorsal (VS 32-33)
26=-27 vays in the anal (VS 21=23) and Ventral-% of the pectoral
(Vs %Q 1,4+ tcwever, in the present study for g._ achua, rays

in the dorsal rin were observad to be 31=343 11=14 and 13=14 =~
rays in the pectoral, ror pord and stream individuals; 17-19 and
16=22 ray in the ventral For>pond anu strsam individuals. Latsral

line transversz scales were found tc be constant, bsing 3%/5% for

individuals bnth f'rom the pond and the cstream.

Yazdani and Chanda (1971) while working out in a collec=
tion of C. stewartii and C. gaiggggigg from -Khasi Hills, they
obéerved that all the speciméns of C. stewartii 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 was mostly & {rarely 1/3) of the pectcral. Colour
pattern and other charscters were so distinctive that there is

no dif®iculty in distinquishing it from Q.'orientalis. According

to them, thess variations bheing unrecerded sc far, entail a re=
definition of (. stewgctii and the lev character of the species
shall therefore, be as 35-40 rays in the dorsal, 23-28 rays in

the anal and ventral from 3 to 1/3 of the pectoral.

In the present study too, C. stswartii showed distinct
colour pattern which leaves no difficulty in distinquishing it

from C. orientalis.

While examining the material of C. stswartii, they also
came across twoc 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 anmal and the other
(8) having a similar gap after the 12th dorsal ray to nearly
opposite the 8th anal ray. In 'specimen (A), the total number of
rays were 33, whereas in specimen (B) it was only 31. The spe-
cimen (B) also lacked the pelJic fin and the‘pelvic girdle of the
left side. The examination of the alizarin preparation of these
gpecimens shows that the pterygiophores are also absent in the
region and the gape. Though occassional absence of both pelvic
fins is on the record in the genus Channa, there was no eafliar
record of such abnormalities as has also been observed by Yaz=
dani and Chanda (1971). However, during the present investigation
one specimen of C. gachua without pelvic fin, has been recorded

from the pond.

The varicus meristic counts made during the present study
did not show any marked difference in the individuals of [.gachua

from lotic and lentic populations (Table 9).

Many authors (Schmidt, 19213 Vladykov, 1934; Tanning,
19443 Lindsay, 1954; Barlouw, 1961) have reported that meristic
characters exhibit plasticity under the influsnce of environmen=
tal factors, sspecially tempserature, du?ing the incubation per=
iod and early larval life. Dutt and Reddy (1978) gave certain
meristic counts for C. gachua population from Andhra Pradesh as
as dorsal fin rays 33=37; Anal fin rays less than 24; Lateral
liné after procseding stréight some.distance bends down sharply
and continues two scale rows bslowe. In the present study too,
the dorsal fin rays ranged from 31-34, being less than Q.'gachﬁa
populétion from Andhra Praddsh. Anal fin rays rénged from 17f19
and 16«22 for pond and stream individuals in the present study

whersas, Duttz: and Reddy (1978) reported anal fin rays to be
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less than 24. Lateral line too, after prodeeding straight sams
-distance bends down, in the specimens both from the pond and
stream, were found to be similar to the results OBtained by Dutt

and Reddy (1978);

Biometric study for C. gachua in the present case (Table
16), revealed that Eye diameter.becomes smaller in relation to
head length and interorbital width as the species grows (Figs.
18 & 19), The pectoral fins exhibit negative allometry and the
body of the fish becomes rslatively deeper; A similar cése has

been reported by Tobor (1974) for Lates niloticuse. According to

Bayagbona (1963) a constant index indicates that the growth of

the character in relation to its reference length is isometric.

With regard to C. stewartii (Table 16) and C. punctatus
(Table 17) also, the Eys diameter bscomes progressively smaller
fnerelation to the head length and inter-orbital width as the
fish grows {(Figs. 20 & 21). But the pectoral fins unlike C.gachua
(from both the systems) do.not exhibit negative alleometry in

relation to head length,

However; Various features have from time to time been
reported as characters of certaih local populations of the same
species which Nikolsky (1963) with his tidy out look on adapta=-
tion considered that thesa variations were designed to ensurs
that the greatest variety of habitats were occupied and quoted
sgveral instances for fish spscies which could occur sither as
an slongated river fopm or as a high bodied lake form. In the
pressent case, such well defined variation between the two popul-
ation could not be ascertaibed, but certain‘variatiohs in mor=-

phometric measurements ars guite evident.
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LENGTH - WEIGHT RELATIONSHIP

From the studies on length-weight relationship, it is
clear (TabquﬁQ)'that there are interspecific variations in the
exponential value. In the case of C. punctatus and C. stewartii,
The values for "b" approximates to the cube law but are less
than 3", thersbhy showing.allohetriclgrowth..Das and Mitra (1958)
have also obtained the value for "b" less than thres, obtaining
a parabolic aquation of W = 0.,036775 L 2'8111? in C. punctatus,
based on speoimens_collécted from West Bengal during March and
April, 1956, which is quite similar to our result (W = 0.00001172
L 2+9701 45 . punctatus. In C. stewartii, Ganguly st al., (1963)
reported ths "b" valus of 3,261, obtaining a parabolic squation

34261

as W = 0,00447 L s but in the present case,'the "b" value

was derived to bs 2.452 (W = 0.0001033 L 244517y

The 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 thse

- fishes (Sinha, 1973). Hence, it is quite likely that the varia=-
tion in the exponential value relating the length to the body
weight, might be due to the rsasons stated above as the fishes
wsre collected from two different types of ecosystems. The expo=
nential values for.g. qachua are found to véry in different sea-
sons (summer and winter), during the juvenile and adult stages
and also for the specimens collected from different systems..
However, it is seen that the growth in all cases is allomstric,

except in the case of the specimens from the pond during summsr

which showsqd an isometric growth (Table 18).
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Lal and Dwivedi (1965) and Sekheran (1968) have also

observed interspecific variations in the power function (b) of

length in relation to body weight in Rita rita and Sardinella
albella and S. gibbosa respectively at different stages of their
growth. Hughes st al. (1974) while studying the sffect of growth

on gills and accessory respiratory organs of Saccobranchus

(= HeterognGUStes) Pogsilis have mentioned the compressed body
shaps of the fish, a probable cause of the increase of the powar

Punction (b = 3.325).

According to Hile (1936) and Martin (1949) the valus of
exponent b usﬁally range betwsen 2.5 and 4,.0.Allen (1938) sug-
gested that the valus for "b" remains constant at "3.0" for an
ideal fPish. In the pressent study, the value of "b" as determined
for C._gachua is 3.1821 from the pond and 3.3942 from the stream

whereas, it is 2.9701 and 2.4517 for C. punctatus and Ce.stewartii

respectively,

Iﬁ is important to determine atleast.the orders of magn%-
tude in the Pénderal index of the powsr function (5) of length
in relation to body weight. It has beén 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 (1936) and Martin (1949), the fishes

of this group can be considered as "Ideal',

Beverton and Holt (1957) suggested that the departure
from 340 of "b" value is rather rare. Howsver, Narasimhan (1970)
reported that the value of "b" incrsases in the carnivorous fish

Trichiurus lspturus, which devour big prey. Accordingly Soni and
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TABLE 34

COMPARATIVE VALUES OF 'b' AS REPORTED FOR LOG BODY WEIGHT TO
LOG BODY LENGTH IN VARIOUS AIR-BREATHING FISHES OF INDIA..

FISH SPECIES VALBDE FOR . REFERENCES

1ht
Saccabranchus fossilis 3.32 Hughes gt al. (1974a)
Heteropnsustes. Fossilis 3410 Bandey st al. (1974).
Heteropneustes Fossills ' - 2452 Bhatt (1968)

(male) : :
Heteropneustes fossilis 2.94 Thakur and Das (1974).
Tremale) — o -

Heteropneustes fossilis 3.16 Thakur and Das (1974).
Magrognathus aculsatum 336 Ojha (1974).
Amphdpnous guchia 3.00 Hughes gt al. (1974b).
Clarias batrachus | 3.33  Sinha (1973).

Clarias batrachus 3.08 Thakur (1974).

Ne notopterus - 2496 Parameswaran and Sinha

‘ (1966),

Ophicephalus marulius. 2.99 Parameswaran (1974).
Ophicephalus marullus 3.02 Parameswaran (1974).
0. striatus (males) 2.97 @ Parameswaran (1974).
'O striatus (femalss) 3,00  Parameswaran (1974).
O. punctatus (malses) 3407 Parameswaran (1974).
Qy'gunctatus (females) V 279 Parameswaran (1974).
Channa gachua (Pond) . 3448 Rresgmt? Aufhor S w
Channa gachua (Stream) 3,39 Present Author .

C. stewartii (Stream) 2.45 Presaent Authorge.

Ces punctatus (Pond) , 2.97 Pressnt Author;.

Ce stewartii : - 3426 Ganguly gt al. (1963).
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Kathal (1979) reported that the higher value of "b" (4.36) obta=-

ined for Cirrhina mrigala is duz to the presence of large quan=
titiss of sand and mud in the stomach, resulting in an increase
in the totsal weight. However, in theopresent study, the value
of "b" for C. gachua from the pond (Fig. 22) and stream (Fig.23)
was found to be 3418 and 3439 respectively, which is higher than
.3;0. The departure of "b" values from 3.0 in the present case
~may be due tc the feeding habits of the species (Mooker jee st al.
1950) and presence of goad amounts of 'detritus along with vege-
table matter in the stomach as obtained during the present
study, which\supports the view of Narasimhan (1970) and Soni and

Kathal (1979).

CONDITION FACTOR

Monthwise 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, fhe variation in the condition factor may be attributed to
different factors, such as enuironmentéi condition, food avail-
ability and the génadal maturity, as has also been suggested by
many workers (Le Crén, 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 ét
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 gohads. 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

factor (Table:21)e Many workers (Menmon, 19503 Pillay, 19543
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Sarojini, 19573 and Varghese, 1961) have also obssrved a higher

Kn value in juvenile of other fish species.

~ The results FQrther suggests that the increass in the

weight of the body due to the weight of maturing gonads followsd
by a decreass due to spawning, is also reflected in the condition
factor of the fish (Table-: 32). The results also support the vieuw
of Weatherlsy (1972) that even amohg the members of one popula-
tion, samples on a single date, there may be considsrable varia=
tion in condition with length (Fige 24A). According to H@m, fish
populations display considerable changes in average éondition,
reflecting normal seésonal fluctuations in their metabolic bal-
ance and in the paftern of maturation and subsequent releass of
reproductive products., Even the state of fullness of the alimene

tary canal may influence "K' .factor.

Le Cren (1951) proposed a relative condition Pactor (Kn)
and diScuséed its superidrity 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 (1947) suggested that a true ponderal index should be obtai=
ned by cbmparison of volume of fish with its weight in which
form it will be a measure of relative density or weiéht 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 coﬁdition factor was also found
from the sviscerated spécimens (Total weight of the fish = Weight
of the gonad and gut) to éliminate the influence. of gonad and
food present in the alimentary canale. The pattsrn of fluctua=

tions in these indices is almost similar to that of the indices
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of whole fish, the difference being only that of magnitude. This
indicates that the condition factor is not only influenced by

the maturation of the gonads and the food present in the alimene
tary canal but might also be dus to certain other snvironmental
factors too., Similar case has also been reported by Jhingran
(1972) for Setipinna phasa. In the present study, adults of

C. gachua from the pond are found to be heavier (b = 3.6456) in
respect to their length, while the juveniles (b = 2.8743) wers

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 (June=-August) with just one spawning season in an annual
cycle. The occurrence of ripe individuals during the months of
June-August and 1its 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 towards a similar trend in the spawning season as ip-
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 spawning is strictly periodic,
restricted to a definite period and that each individual spawns
once during an annual cycle. Walford (1932) stated that fishes
which spawn only once in a season, contain only fmo types of ova,
" immature and mature. Similar observations have also-been repor-
ted by Hickling and Rutenberg (1936), Prebhu (1956), Qasim and
Qayyum (196%) and Natarajan and Jhingran (1963) as has also
been Found in.the present study tob; It has also been observed

o
that the species (C. gachua) mature little earlier (length-wise)
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in the pond population than the stream populstion and this can
be attributed to the better food availability in the pond than

the stream. This is also supported by the studies on the repro=

ductive bioloagy of the species in the present investigations.

Gonado=-somatic index (Gn.S.I.) values when plotted against
different body leﬁgths (Fig. 26) indicated a tendency for the
GneSels to increasse with the increase in bady lengtﬁ.'lt is also
seen that the ssasonal peaks (Fié. 25) in the mean GheSel. coin=
cided with the peaks in the percentage occurrence of mature in=-
dividuals, hence, Gn.S.Il. éan be used as én index of gonadal
development. Such a case has also been reported by Kakuda and
‘Nakai (1981). According to Kesteven (1942) the gonad maintained
a relationship with the remainder of the body of the organisms
and since ths average sizs of maturing or mature ova are cbn-
stant in general, the number of eggs being a number of units of
weights will show an exponentiai with the length in the sams way
as does the length of the entire organisms. Jhingran (1961),
Qasim and Qayyum (1963), Bagenal (1967) have studied the rela-
tionship between fecundity and figh length and reported £hat the
~exponent value to range around three. Higher values of 4.5 in
case of Irish Herring (Farran, 1538) or at a rate proportional
to fifth power of body length (Hodder, 1963) have also besn re=
portede. However in ths praéent study, the exponenfial index was
found'tb be 2.5490 and 4.1752'F0r the specimens from the pond
and the streém~respectively. The value of exponent (2.5490) in=
dicates that the fecundity of the pond population increases at -
a lowsr rate than that of the body weight, in relation to total
length, as is also evident from thé exponent value of 3.1821

(Table 19) obtained in the length-weight 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=weight relationship ia
the stream population (Table=19), it appears that the fecundity
increases at a rate slightlyAFaster than fhat of the body weight
in relation to total length as the exponsnt value has besn found
to be 4.1752. The values of exponent obtained in the relétionship,
between ovary weight and total length were found to be 2.,7389 for
pond pOpulation and 3.9540 for strsam population which iidicates
that the ovary wéight increase at a more rapid rate than the

total weight in stream p0pulatiqn, whereas 1in the pond popula=

ticn, the increase in ovary weight is lower than total weight.

It has been observed that the C. gachua specimens below
3600 and 41.0 mm from the pond and stream respectively were imm=-
ature. Fifty percent (MSO) 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 obéerved that the egg counts increased
with the increase in lengthe It is also seen that there is an
increase in the spread points describing this relationship with
‘increasing size of the species. Similar case has also been rep=
orted by Habib (1979) in Puffer fish. Accordiﬁg to Simpson {(1951)
Fécundity is directly proportional to body weight. 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 Fecundify and weight to be curvilinéar
as ﬁ@slabsd been recorded in .the present study, which indicatzs

that feoundity is more'dependent on weights rather than length



179

as has also been reported by Manooch (1976) for Red Porgy. The
.logarithmib relationship between fecundity of the spscies and
its length, body weight and ovary weight wsre found to be linear
(Fige 28). A comparative data on the fecundity of different air=
breathing fishes from India, have been assembled in Table-335,
which indicates that the fecundity of aire=breathing teleosts
appears louw th when assessed in relation to their respective
body sizes, the number of ova is considerabls, as also reportéd

by Dehadrai and Tripathi (1976).

" Relative Febundity which is the ratio of egfy number to
body weight (Hardisty, 1964) is a measure of fecundity that
-takes into account the weight»diFFerenoes of individuals. In the
presenﬁ study, relative Pecundity was found out to make compari=
sons between both the populations as the basic assumption in
using relative fecﬁndity is that the number of eggs psr gram
does not increase or decreass with the size of fish (Bagenal,
1973)« Howsver, it is seen that the relative fecundity on aver-
age basis Qas found to be lowsr (97.04) in the stream population
(Table 23), than the éond (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 eondition
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 sdjgnificantly as the season pro=
gress, but the gonad weight increases due to an incraade 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 maks the
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calculation of relative fecundity meaningful. If the relative

. fecundity is related toAlength, it cannot be used alone to com=

pare fecundity at differsnt places and time (Bagenal,'T973).

' THe maximum fecundity values for C. gachua in the present
study have been found to be 1170 and 1523 in the individuals
from the pond and strsam respectively (Tables 23 &A24) which is
quite similar to the obssrvations made.by Mooker jee gt al.(1950)
that this gpecies lay about 1500 and 2000 eggs. Howsver, fecun=-
dity estimates suggest that the species is not very fecund in
comparison to other speciss which mighf be due to the fact that’
a species that protects its eggs and young ones is usually less
fecund, than the one that doéS‘not (Kryzhanoviskii, 1949). Such
cases have also been observed by Fryer and Isles (1972) who dig-
cussed the significance of brood and sgg size in Ciéhlids and
attributed a ClDSB'aSSOCiaﬁiOﬁ between egg number and size:oflthe
mouth broodsrs were found to have fewer and larger egygs than the
guarders, These studies sﬁggest that péréntal careg has profound
-gffect on the number of eggs produced, as it would be sasier for
the fish to take caffe of their eggs and young ones, if they‘a;e
less in numbsr. Since, this species (C. gachua) is known to build
ﬁest and guard their young ones (Mooker jee et al. 1950), may be

the reason of lower fecundity.

It is oFtén‘assumed that fecundity and egg size are nega-
tively correlated (Bagenal, 1971). The relationship is complipa-
ted by what appears to be a general tendency for fish which
spawn later in the season to lay smaller than average eggse.
Accordingly to him, since the ega size and pafent length are
Usually positively oorrelated, suggest that the larger fish

spawn first, however, this has been found to be trus only for
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some fishes but not for alle. Simpson (1959) showed clearly that
older plaice spawn first, but in contrast the older individuals
of parch spawn laters In the present study tooc, it has been ob=
served that the egg size-and parent length are positively corre=

lated .

McFadyen gt al. (1965) found that trout from infertils
streams:had a lower egg production. Differences in age at first
spawning and growth rate, together with an actual lower fecundity
all led to a lower reproductive rate than in fertile streams.
Leggett and Power (1969) correlated fecundity and food supply
with hand locked salmon. The fecundity variations repbrted by
Bagenal (1971), Raitt (1968).and Hooder (1965) were associated
with food through population density. Nikolsky (19615 1969) mene
tioned a number of Rusgsian papers associating food supply and
fecundity and the relationship of nutrition and fecundity were
reviewed by Woodhead (1960). 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 1s less productive in compari-
son to the pond, thus leading to lower relative fecundity in
stream population than tﬁe pond population. Thus, relative fecu=-
ndity can be associated with the food availability, which is
alse supported by certain experimental works (Scott, 19623 Hes=-
ter, 1964; Bagenal, 1969; and Wottan, 1973) relating food to
fecundity ognfirmding the low food intake leading to lower num=

ber of eggs.

Segeral 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

FTSH SPECIES

TOTAL NO. OF
OVA

(FECUNDITY)

AUTHORS

Hetarqgnaustes fosgilis

Clarias batrachus

Clarias batrachus

Anabag testudineus

Netopterus notopterus

Dghiceghalus marulius

O+ striastus

o

« striatus

o

o strigtus
C+ gachua
Channgfggéhua (Pond)

Channa gachua (Stream)

2843 = 44723 -

11612
1000 - 20000
4588 = 34993
‘175 = 1188
1799 - 38375
2794 = 28046
4422 ~ 20070
5970 = 31114
1500 ~ 2000

160 - 1170
243 - 1523

Bhargana (1971).

Mooker jes and
Mazumdar (1950).

Thakur (1974).

Bangr ji and Prasad
(19743

Parameswaran and
Sinha (1966).

Parameswaran {(1974).
Parameswaran (1974).
Alikunhi (19537
Srivastava (1977).
Mooker jee gt al.(1950).
Prgsent Author .

Present Author .
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with water temperature as in cold water they concentrate along
the edge of the banks resulting in overcrowding, which led to a
food shortage and a lower fecuncity. Accordingly ih the pressent
study, temperature could also be considered as a limiting factor
affecting Fecﬁndity as throughout the study period, the species
From-both the systems were found to be concentrated along the
edge of the banks among the marginal vegetation due to low water
temperature, resulting in overcrowding. This might have led to a

food shortage which in turn resulted in low fecundity.

FOOD AND FEEDING HABITS

Based on the numerical method and frequency of occurrencs,
thel’present study reveals that the composition of diet of
C. Qachua can be divided into the following broad categoriss :=-
(a) Detritus
(b) Vegstabls mattar

(c) Phytoplankton
(d) Zooplankton

Nikolsky (1963) 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 contantsg;

(b) Secondary food = that which is frequently found in
the stomach, but in smaller amountsy and

(c) Incidental food = that which is found aonly rarely
in the stomach contents.
Hence, the basic food of C. gachua as seen from the pre-
sent study can be considered the detritus comprising of about
57=-61% of the total gut contents. Conseqguently the secondary

food of the species, as indicated by the results was vegetabie
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matter, which comprised 26.0% of the gut content. The remain=
ing items were ragarded as incidental food, due to the fact that
phytoplankton and zooplankton form a very small fraction of the
gut contents and occur without any reqgularity in the different
months (Tables 26 & 27). This indicates that these are probably

swallowed along with other food material accidently.

A changse in diet with increase in size with larger fish
eating larger food items, has been widely reported by Keast
(1966); Larsen (1967), De Silva (1937), Adams (1976), Kakuda and
Matsumoto (7978) but in the present study no changs in_diet is
- observed except that the smaller length groups exhibited the
presence of maximum ﬁumbers 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 owing
to the F;ct that metabolic activities are generally higher in
young ones. Similar results have also been reported for heiring

(Clupsa harenqus) and spent (C. sprattus) (Hardy, 1924; Marshall

st 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 groupse An inverse reiation is also
observed betwsen the feeding intensity (G.S.I.) and the gonado-
somafic'index (Table 32) which could be explained due to the
spawning seagon of the Fish, as reduced fesding has been reported
during the spawning season by Wolfret and Miller (1978) for the
northern pikg and spa@ning brings about a sharp decrease in the

condition factor (Jacobsen, 1974)-

Acparding to Jhingran (1971) the principal fPactor that
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are likely to affect the monthly variations 1in the ponderal
index are generally food and sexqal maturity. The data of G.S.I.
as obtained (Table 30) reflects the assessment of spawning seé-
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) with the prog-
ressive maturation of gonads (Fige. 25) Prom April to August in
the case of individuals from the stream, whsrsas from February
te July for pond specimené. Observations on the maturity and
breeding season of the species (Q. gaphUa) have- shown that ths
fish breeds from June to August (fabie 22) iBdicating that the
periods of low feeding intensity coincides with the spawning
sgason. Ihe low Feeding.activity during peak breeding season may
be attributed to the completely developed ovary, permitting
limited space in the abdominal cavity for intake of foode Fee=
ding intensity increased after the spawning period and attained
peak in Nowsmber and February in the base of stream population

and October and November for pond individualg.

The coincidence of low feeding with peak breeding has
been obsserved by mény workers. Hardy (1924), Hickling (1933),
Fage and Veillet (1938), Menon (1950) and Desai (1970) have re=
ported a decrease in the rate of feeding and amount of food con-
sumed with the maturatiqn of gonadse. Bhimachar and George (1952).

have also referred to the reduced feeding in Indian mackerel,

Rastralligsr kanagurta with the progressive maturation of gonads.

Karekar and Bal (1958) have also noticed theicoinéidence

of peak breeding with low feeding phase in Polynemus indicuse.

Jhingran (1961) has observed the feeding intensity of Setipinna
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phasa to decline during its peak breeding season. Natarajan and

Jhingran (1963) have noted the low level of breeding during mate<

uration phase in the case of female Catla catla.

The obseration of feeding intensity 1in different length
groups in the present study also indicates that feesding intensi=
ty is higher in the smaller length groups, whereas larger (hig-
her) length groﬁps show a decline in the feeding intensity which

could bs dus to the maturation of gonads.

The diet composition tends to show that the species feeds
méinly on detritus and vegetable matter. However, contrasting -
“opinion has been expressed regarding the food preference of this
species though from different regions by Mooker jee et glo(1950)
who classified it as a carnovore, rarely taking any vegetabls

matter, unlike the results of the present study.

According to Moitra (1956) food habits of fish varies in
different snvironments, which may not only he due to the avail=-
ability and abundance of particular food items, but also to they
temperature and other ecological énd geographical factor. This
might be the reason of different feeding nature in the present
case than the report of Mookerjee et al. (1950). The gut length
of the species was found to range from 0.42 to 0.57 and 0.41 to.
0,80 for the individuals from t he ﬁond_and stream respsctively.
The adaptation of the alimentary canal of fish to their food
are well known in regard to the relative length of gut (Sinha,

1972).

According to Das and Nath (1965) in a carnivore, the’
ratio is less than or equal to unity, whereas in herbivore and

omnivore it is more than unity. Suyeshiro (1941) and Beumer
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(19785 have also reported,_low relative length of gut as typical
of .a carnivore. Accordingly, ﬁhe ratios were calculated for

C. gachua which showed a decrease in the relative gut length
with the increase in langbh of the species. Das and Srivastava

(1979) have reported a decrease in RLG values from fingerlings

to adults in C. punctatus, Notopterus notopterus and Wallago
éggg and correlated.fhis with the change in Féeding habits in
the same water bodies at' different stages of life history in

the same Fish, but no‘suoh relation could be established in the
present study, as the diet composition was found to be the same

in different length groups of fishes. -

In the present study the diet composition of Q.stewértii
showed that the most important food was Chlorophyceas (47.68%)
followed by detritus (16.17%), Bécillariophyceae (9.61%) and
Zooplankton (3.94%). Ganguly et al. (1963) have reported that
C. stewartii 1is a surface feeder as well as carnivore, It pre=
Fers:Protozoa, Insects and Crustacea along with a good quantity
AoF'both uniagliular and multicellular algae, during early life
stages, while insects, crustacea and fish CFfy fegem the main

constituents of the_diet of the adult.

In the present study, the diet of C. punctatus hainly
consisted of detritus (54.83%), vegetable matter (18.51%), Chlo-
rophyceae (14.84%) and Bacillariophyceae (8.66%) and Zooplankton

(2.65%), whepsas Mookerjee gt al. (1950) have reported the same

species t¢ be a carnivore.

Acaording to Dehadrai and Tripathi (1976) the murrels
are highly predatory and marked piséovorous. The fry in almost

all cases feged heavily on zooplankton, whereas the>Fingerlings
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on insect larvae, shrimps and fish fry. However, yOumgCDOf Ophi=-

cephalus punctatus prefer phytoplankton (Banerjee,-1974). The

smaller species (0._punctatus and 0. gachua feed mainly on minn=-

cws and other small fishes, shrimps, insects and occassionally
molluscs while the larger varieties (Q. marulius and Q.gtriatus)
feed mainly on fish, frogs, insects and other live food. All
these reports reveal that murrels are mainly cafnivorous, buf |
the present study indicates that murrels of the highlands mainly
Feéd on detritus, though occassional presence of zooblankton and

phytoplankton are indicatsd.

Beumer (1978) stated that there exists a relationship
betwsen the nature of the stomach contents and the feeding str-
ucture, and according to Al=Hussainy (1947) the relatiQe gut
index is also indicativé of the diet. Low relative qut index

values are indicaﬁive of a carnivorous feeder (Suyehiro, 1941).

‘However, in the present study, a low relative.gut length
has been observed which 1s indicative of carnivorous nature of
fesding (Suyehiro, 1941), but on the other hand C. gachua uwas
not found to be purely carnivorou;, a large portion of the diet
was composed of detritus. Odum (1968) reported that high ReG.I.
is typical of a detritus feeder. Hence, it can be said that the
detritus feeding habits of Channids in thse highlands of Shillong,
unlike the Channids of lower altitudes, might be an adaptation
to higher altituds owing to tﬁe ébsence or poor presence of
"animal matter in these water bodies. However, the present resu=-
lts supports the view of Nikolskii (1969) that the fish fauna
of high katitudes are usually adépted to eating various types

of food, on agpount of the high variability of the availabls
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food. The range of food organisms may vary greatly from area to
area, sven as regards to principal food, spécially in Preshwater
conditions. Repreéentative of associationsg from high altitudes
-are usually at ankadVantage when the food base i Mabile, since
they tend to be eﬁwphaQDUS; conversely, those from the lower

latitudes are so when the food base is stable.



CHAPTER IV

SUMMARY & CONCLUSION



SUMMARY A ND *CONCLUSION

Keeping in view, the basic necessify to have a knowledgs
on the structure of lotic and lentic ecosystems and on the bio=
logy of air braathing fishes adapted in such syetems at higher
altituds of the coﬁntry,_coupled-with its greaﬂ% economic .impor=-
tanee and alsc: becauss of the fast gaining.popularity of cultu-
ring air=breathing fishes, the present investigation has bean

undertakens. The thesis entitled "Studies on some aspects of the

Biology and Ecology of Channa gachua (Ham.) and Channa stewar-
tii (PlayPair)" embodies the results obtained during the inves-

tigation, a gummary and conclusion of which are presented below.

The water tempsraturs in both the systems showed a close

affinity wilth the atmospheric temperature. The conductivity
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values fluctuated widely without‘showing any definite oscilla=-
tion. Further, if Has bean observed that conductivity and alkali=
'nity shouwed a someuhat direct relationship in the pond water un-
like the:stréam water where the case was rsverss. It has also
been noticed that low pH values corresponded with high conductie
vity values. The pH Qalues 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 CO2 and pH. Higher pH
value during wintef and post winter season indicate higher pho=~
tosynthetic activity than community respiration, which might be
due to the availabiiity of sufficient solar radiation resulting

Prom cloudless sky.

The results indicate that the main source of free CO, of
the water in both the,systéms spems to be the decomposing as
wéli as respiratory processeé of the organisms present in the
systems It is also @yident that CO2 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 tempefature and free CDZ. However, it may be
concluded that oxygen content of these water bodies mainly dep=-
ended on the Followihg Féctors R

(a) Law of solubility of gaseous exchange;
(b) Photosynthetic activities;

(c) Respiration;

(d) Intensity of illumination; and

" (8) Wind actions’

. The nutrient condition in both the systems was found to
be quite pgore. An  inverse relationship has been observed bet-

ween phosphate and dissclved oxygen concentration in both the
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systams. This might ba due to fhe fact that when there is lack
of oxygen in water bodies‘particularly in the sediments, iron is
reduced from the Fefric to the ferrous state, releasing phosphats
into watere It may be assumed that the main source of nitrates
in the systems may be the decomposing organic matter, not the
plankton as the formesr was present in large quantities than the
planktons An inverse relationshih has been observed between
nitrate and temperature, which suggests that temperature has a
profound effect on nitrate concentration in waters. The silicats
content of the water was found to vary inversely with frse CDZ'
It has also been observed that peaks of diatom population corre

sspond with low levels of silicate in the systems.

In the present study 11 species of Chiorophyceae, 5 oFl
Bacillariophyceae and 2 6F Euglenoﬁhyceae in@the‘pond and 15 of
Chlorophyceae, 7 OF.Bacillariophyceae and 2 of Euglsnophyceas
in*tﬁ%gétream 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=-
iueiy. Cladocera was represanted by 2 species and interestingly
énough it could not be recorded from EheApund. The study further
reveals that the plankton peaks in freshwater bodies of high
altitudes of India are quite comparable with the spring and

autumn plarkton peaks of the temperate regions.

"In both the systems, phytoplankton shcowed a humerical
superiority over the zooplankton. It is aléo apparent From.the
present stﬁdy that certain species of plankton disappeared at
certain periocds only to reappear later and hence, at no time
during the year, there was a total absence of plankton. The

plankton produgtivity varied from season to season .in both:-
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theisyetemS‘and qualitative variation particularly of zooplankton

wers quite identical.’

It can be revealed from the present study that in somse
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 while in others, the change may be
so great that a wave oF_development of a single group may be
sufficient to dominate the whole population. ?urther, the period
of quantitative increass and decrease of the individual may not
in .general, ooineide with the seaconal minima and maxima of
the totalvplankton. It is also'clear that the rate of develop=-
ment of a pulse may vary greatly, some species may increase
slowly and more or less uniformly to the maximum while others
may show a burst of development rising from an apparent absence
to a numerical dominance of the whole plankton p0pulati0h withe=
in a very short peiriode. An inverse relationship Eetween phyto=-

and zooplankton has bsen observed.

It is Clear that plankton periodicity has been influenced
by temperature and the seasonal variations were observed eQen
amidst a fairly constant pH and oxygen content of the watere In
the present study, a high phytoplankton population has been
observed at low temperature in t he stream, whereas, no such
definite relationship could be observed in.the pond suggesting
that temperature alons is not-always a limiting factor for the
growtﬁ of planktons Availability of food may be another impor=
tant factor responsible Fer plankton growth which in turn dep-

ends on other abiotickfactors;

It has been observed that whenevef free C02 was at its

minimum, peregnhtage composition of zooplankton were found to be



207

in higher range, in other words zooplénkton fluctuated almost
inversely~with free CGé. Therefore, it can be ascertained that
presence of high quantities of Ffeé CDz_have detrimental ePFgct
on zodplankton._biatoms and silicates éhowsd an inversé relatio=
nship with sach 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 fegarded as a matter of rsai
consequence. Apart from this, phosphate also seems to be a limi=

ting factor controlling diatom periodicity.

In the present study, however, no very distinct period-
icity in the total plankton could be observed, which might'be
due to the reason that the physico=-chemical factors in fresh--
water bddies'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 iﬁdirectly influenced by the seasonal
Vériations in the complexes of abiotic and of biotic factorse.

It is also clear that the annual quantitative abundance of plan=
ktonic pOpulétions depends on the succession of appearance and

disappearance of its component species.

It may be concluded that no scosystem is static, which
further supports the noticn of Nasar (1975) that no one can step

into the same ecosystem t@ice as the ecosystems is dynamic and

the abiotic and biotic factors not qnly fluctuates seasonally

and didrnally, but also esach and every moment",.

The result indicates that there exists an intraspecific
difference in regression squaticns in various morphometric cha=

racter of C. gaghua Mhich may be attributed to diverse ecolo=-



208

gical and environmental conditions prevalent in both the systems.
The various meristic counts of C. gachua made during the present
study did not show marked intraspecific differencess. The results
of the biometfic study for C. gachua reveal that Eye=-diameter
becomes smaller in relation to Head length and inter=orbital
width as the species grows in length. With regard to Cestewartii
and C. punctatus also, the eye diahéter becomes-prqgressively
smaller in relation to head lgngth and inter=orbital wiﬂth as

the fish grows. But pectoral fins unlike C. gachua do not exhi=

bit any negative allometry in relation to head length.

From the results cbtained on length-weight relationship
it is evident that there exists an intraspecific variation in
theABXponential valus ("b™), Since the "bW Values.in g.stémartii
and C, punctatus approximates the cube law, but are less than
thrge, thereby shawing allometric growth, unlike C. gachua. The
present result wher compared with the results obtained by others
for air=breathing fishes reveal that the "b" values in almost
all the species of Channids approximates the cube law, hence,

the fishes of this group can be considered as "ideal".

The condition factor of Ces gachua at different length
groups as .well as during different months, has been calculated
and fluctuations therein were Hiscussed in relation to matdrity
and Feediﬁg rhythmse The results of cbndition factor indicates
that the "K" value is much higher in smaller fishes than ths
bigger ones. It is also clear from the study that the limiting
factors for "KY value are not only the gonadal maturity and gut
contents, but somg other environmental factors, also seems to

be respons;b&%EJ
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S£udies on maturity indicate that both the males and the
females mature at the same timé and hence the fish{) has a simi=
lar breeding periodvi.e. June to August with ‘just one spawning
season during an annual cycle. The occurrence of ripe speoimehs
is restrictec only during June to August which also clearly ine-
dicates abodt the sbawhing season of the species in this regione
This is also supported by the results obtained on the GnwS.I.
of the fishes. It has been observed that 50% individuals (Msg)
mature at 51.0=55.0 mm length group in both the systems. The
GneSele values showed a tendency to increase with the increase
in-length. The seasonal peaks in the mean GneS.l. values coin-
cided with the peaks in the present occurrence of mature indivie
‘duals, hence, GneS.I, can be used as an index of gonddal devel-

epment.

The feeundity of C., gachua was cbserved to range from
160 to 1170 eggs iﬁ t he specimens of 60.0 to 96.0 mm in length
from 'the pond, whereas it ranged from 243-=1523 eggs in the spe=
_'Cimens ranglng 77.0 to 87.0 mm in length from the stream. Fur=
ther, the logarithmic relationships between fecundity of Ca.gachua
and its length, body weight and ovary weight were found to be‘
linear; The rslative fecundity on an average basis waé found to
be lower in the stream population thén the pond population,.
Fecundity estimates'suggests that C. gachua is not very fecund
in comparisén to other species which might be due to the fact

that the species show parental cars.

According to.the present study, temperature could be
considered ag 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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vegetations This might be due to low water temperature resulting
in overcrowding which led tc a food shortage which in turn resu=

lted in low Fecundity.

Based on numerical and frequency of occurrence methods,
the diet composition of (. gachua can be divided into the foll=
owing four broad categoriss : (a) Detritus (b) Vegstable matter
(c) Phytoplankton and (d) Zooplankton. The low feeding intensity

‘coincided with the spawﬁing season and such a case may be attrie
buted to the completely developed gonad permifting limited spacs
in the abdominal cavify resulting in less intake of food. It is
further clsar that the feeding imtensity in Ce._gachua is higher
in the smaller length groups than the higHer lengtth groups. The
present study reveals that the detritus feeding habits of Chan=
nids in the highlands of Shillong unlike the lowsr altitudes
might be an adaptation of the species to highsr altitude owing
to the relatively poor presencs of animal matter in these water

bodies.

From the results obtained during the present investiga=-
tion and:the brseding discussions, the following generalization
can be made with regards to the ecology of fishes. It can be
gsaid that Pish 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 Weatherlsy, 1972.
Temperaturs of the water, therefore, i& of snormous significance
in the life of a fish. Fishes being poikilotherms, are more

dependent on the temperature of their habitdt and their
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surrounding water than homoithermal animals. According to Nikole
sky (1963), in majority of fishes, the body. temperature differs
from that of the surrounaing watér by only 0.,5=1°C and changes
in the metabolic rate are most closely associated with changss
in the temperature of the surrounding water. In many cases,
changes in the temperature fuoction as a éignalling factor, a
natural stimulué which determines théastart of some process such
as spawning, migration and so on. The raté of develoﬁment of
fishes is also related to a significant extent to changes in thé
temperature, Within the limité of a certain amplitude of tempe=~
rature, there frequently occurs a direct relation between the
rate of development and the change in temperature. Growth rate
is closely related to tempsrature and many, probably most, spec=
ies do not grouw at all during winter (Hynes, 1970). Temperaturs
has always been considered as an important ecological factor
and for particularly stream fishes it i1s an important one which
limits both broad geographical distribution and local occurre-
nces within a single watef course. Besides, the adaptation of a
fish to a particular temperature (hiéh or low), the amplitude
of fkictuation of the temperature at which fishes of the same
species éan live are extremely important. This amplitude of tem=
peraturé varies considerably from one species to another as is
gevident from the distributional records of Chanhids. If the to=
tal amplitude of the temperature at whieh a species of fish can
live is very great, it is significéntly less for each stage of
development, Fishes alsoc react differently to %emperature fluc=
tuations, according to their biological conditione. 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 view of Wesatherley
(1972) that fishes of Higher latitudes have evolved a metabolic
type which enables them to feed successfully at very low temper=-
atures unlike the fishes of lowsr latitudes., Within the limits
of the optimal temperature for a giﬁen species, a riss in tempe=

rature uUsually leads to an increase in the rate of digestion.

The gaseous metabolism of fishes also changes considerably
as the témperature varies. Since the fish is adapted to life at
a particular temperature, it is natural that its distribution in
the water :swould be related to that of the tempsrature. As the
temperéture changes both seasonally and secularly, the distribu-
tion of the fish also changes. One may judge the adaptation of
sgparate species of Fiehes toAparticular temperatureé visually,
from the curves sHoming the frequency of occurrence of sach gpe=
. ciss 1n relation to the distribution of temperatures. Thus the
relationship between the distribution of separate species and

the temperature is very strong.

Adaptive changes which occurs in fishds when the tempera=
ture varies, are also connected with some morphological recon=
struction. fherefore, the adaptivé reactiuon to variations in
the temperature, salinity, the density of the water and so on
appears as Variations in the number of caudallzone vertebras,
and ‘in the number of rays in the unpaired fins. In 1909, EE@@QT
(ope cite Nikolsky, 1963) nggested thaf the aquatic organisms
can live not only by sating particulate food, but also by assi=-
milating salts and organic matter dissolved in the water, which
permgated into the body across its wélls. Many of the salts
dissolved 1n the water exert a fundamentally indirect effect

upon Fish. hy 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 development of the various org=

- anisms which form the food of fishes in the estuarine region.

The presence of substances dissolved in the water which
afe‘not normal constituents of ﬁreshwater, but which snter it as
the result of various human acfivities such as tree felling,
industrial ePfluents, pollution by oil, processing of mineral
oresy and so ony has becoms particularly important to fishes.
The sffects of other dissolved compounds which snter the water,
both organic and inorganic, are also rather variable in fact the

ma jority of them effect primarily the course of respiration.

Like all other animals, fishes cannot live without the
access of ‘oxygen to the organism through its blood, which ensu=-
res the metabolisgm and thersby tha 1life of the fish. Naturally
thereforey, the cessation of accsss of oxygen to the blood-ieads
to the death of the fish in a short time. Only a few species,
living in waters in which for various reasons, there frequently
develops an oxygen deficity, are adapted to brsathing atmospheric
aire In the Murrels (Ophicephalidas), the spibranchial organ is
' represehted by paired autgrowths 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 30197 minutes when prevenfed from
raaching the surface. Apparently young snaks heads die sooner

from suffocation than older.ones.vThe majority of fishes which
are adapted to breathing atmospheric air are inhabitants of sub=
tropical and tropical latitudes, and only. few live in the waters

of temperate and high latitudes.
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Apért Ffom oxygen, other nases are also of considerable
importance to fishes. It is wsll known that COé even in relative
ely small doses causes the death of fishes which mighf be the
reason of poor population of the fish (Channids) in these systems
as the CO, (free) cancentration was quite high than the water
bodiss of lowar latitudes #n géneral. The mechanism of the action
of carbon=dioxide upoﬁ fish like other animals consists of the
reduction of the bloods capacity to absorbs oxygsn. The amount
af C02 in the water is directly proportiocnal to the pH, changes
in'which also have a severé effect upon fishes. As the acidity
of the water incfeases, the rate of metabolism Fallé, although
the respiratory rhythm increases in more acid water compared to

eibher neutrel or alkaline.

Fishes are adapted to moQing through‘both still and Flow;
ing watsr and the boady shapé, fin structure and certain other
features in the structure of the fish are connected with this.
Fishes of tha Ffamily Channidae are snake=shaped fa. the body is
much elongated, transverse section almost circular and are usua=

lly inhabitants of wesds.

F;fms'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 anly mechanically,
but through the medium of other factors. Usually, water hasses
with fast currents are characterized by super saturation with
oXygens For this feason rhéophilic fishes are also at the same
time oxyphilic ie.e. they require plenty of oxygen and cunver= -
sely fishes which inhabit slowly flowing a stagnant waters are
USually adapted to é different oxygen regime aid can withstand

an oxygan gdefigclt better.
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Not all the fishes of rapid water are swimmers, many main=
>tain themselves close to the bottom or in shelter under and bsh=
ind stonss (Hynes, 1970). In the present study too, the Channa
species from the stream were found to maintain themseldes close
to the bottom and in éhelteréd.areas under stones and marginal
vegetatione. These Fishes_living oﬁ t he bottom or stony éubstrata
are dark coloured and mors usually (boldly) mottled so that thsy
blend into the background. Hynes (1970) reported that fishes
can sxert some control over their colour, becoming palesr:-on pals
colouraed backgrounds and no stream fish can match the spectacu=

lar performance of the plaice, which can ad just Fairly rapidly.

The food supply has a profound effect on the numbers and
masses of fish populationse The amount of food eaten determines
the fecundity of the year classes, as weil as the growth ratse
and time of sexual maturity and hence the life span and the
length of the feeding seasﬁn 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 tempesraturs, illumination, winds and changes in

the size of feeding area.

The icthyo=fauna of high altitudes are usually adapted to
eating various ﬁypes of food, on account of the high variability
of the available food. The range of food organisms may vary
greatly from area to area, sven as regards principal food, es=

pecially in Preshwater conditions (Nikolsky, 1969).
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