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A B S T R A C T 

The lack of inveatlgationa on the biology and ecology of 

the fishes indigenous to the highlands of the Morth-Eastern Hill 

Regions of the country has led to a general paucity of scientific 

information uihioh is necessary not only for academic purposes but 

also for the proper aquaoulture management. Therefore, due to a 

virtual absence of such knoujledgs, a study has been undertaken 

to elucidate on the ecology and biology of the stone-licking 

torrential fish, Garra lissorhynchus (McClelland). 

The study pertains to the specimens of the species colleo« 

ted from three different lotic systems viz., 

(i) Umiam river - oRe of the major drainage systems of Meghala-

ya floiuing by the ujestern border of Shillong (25°5' Lat. 

and 91°9*E Long,) at 4,862 feet above sea level. 

(ii) Umkhxah stream « a torrential hill stream floiuing iuestiuar<Ja 
and luhich for a major portion of its course passes through 

the tou;n of Shillong, Maghalaya. 

(iii) Umshing stream - a torrential hill stream originating at 

Ma-'pat village near Shillong and floujing in a somewhat 

north-ujesterly direction and approachable by road from near 

Umiam lake. 

The results obtained during the present study have been 

presented in the present thesis entitled- "An investigation on 

some aspects of the ecology and biology of a hill-stream fish -

Garra lissorhynchus (McClelland)". 

The dissertation containing 243 pages inclusive of 34 tab­

les and 41 figures has been divided into four chapters. 



The first chapter deals luith a general introduction perta­

ining to ecology of fish. The environment of the fish has been 

dealt uiith, in the second chapter vuhich has been further divided 

into four sections. The first being an introduction of the lim-

nological aspects ujith reference to ujork hitherto done on limno­

logy in India, and a brief description of the study area. The 

second and the third sections share respectively the materials 

and methods applied for ecosystem analysis and results obtained 

on the abiotic factors viz., temperature, conductivity, pH, dis­

solved oxygen, free carbon-dioxide, alkalinity, phosphate, 

nitrate, silicate, calcium, magnesium, chloride, total hardness, 

calcium hardness and magnesium hardness and the biotic factors 

viz., periphytic algae and benthic organisms. Then folloujs the 

discussion on the abiotic and biotic factors along uuith their 

interrelationship. 

The third chapter, which pertains to the study on the bio­

logy of Garra lissorhynchus has also been divided into four sec­

tions. The first section deals with an introduction to the bio­

logical studies on fishes with particular reference to the studies 

done so far in India on Garra. This is followed by diagnostic 

characters, taxonomic status and synonyms of the species. In the 

second section of the chapter, the materials and methods adopted 

for the biological studies of the fish have been presented. Then 

follows the third section dealing respectively with the results 

obtained on morphometric and meristic characters, length/mass 

relationship.,, condition factor, maturity and spawning, fecundity 



and food and feeding habits of the fish. Then follouus the fourth 

section in which discussion have been mads revieujing the results 

obtained nn the biology of the species. 

In the fifth and final chapter, the summary and conclusion 

of the entire study has been presented. This is folloujed by the 

list of literature cited in the dissertation. 

The follou/ing are the important results obtained during the 

present investigations and embodied in the thesis :-

(1) The water temperature varied from 12.2''C to 24.5°C and 12.5°C 

to 24.1°C respectively during 1979-80 in the Umiam and Umkhrah 

systems. In 1980-81, their respective range of flue ation was 

from 11.2°C to 24.5°C and 12.80C to 23.50C, while the Umshing 

system registered a range of 10.0°C to 22.8°C. The water tempera­

ture of all the systems showed a close affinity with the atmos­

pheric temperature. 

(2) The conductivity values ranged from 44.0 to 58.0 Â mhos/cm and 

17.2 to 76.52 /Jumhos/cm during 1979-80 in the Umiam and Umkhrah 

systems respectively. During 1980-81, the respective range, of 

values were from 42 to 59.0 Mumhos/cm and from 16.24 to 77.0 

Mmhos/cm, while during the same period the range was from 26.0 to 

52.0 Aimhos/cm in the Umshing system. The present study indicated 

that the conductivity values fluctuated widely in all the systems. 

(3) The pH values too, have been observed to fluctuate widely 

ranging from 6.4 to 7.9 and 6.0 to 7.2 respectively in the Umiam 



and Umkhrah syatema in 1979-80. During 1980-81, the range vuaa 

from 6,5 to 6.9 (Umiam) and from. 5»9 to 7.2 (Umkhrah), luhile that 

of the Umshing stream luas from 6.1 to 6.72. The pH values in all 

the three systems usually mere found to be in the acidic range. 

(4) Dissolved oxygen ranged from 6.4 to 9.28 mg/1 and 5.6 to 11.4 

mg/l respectively in 1979-80 in Umiam river and Umkhrah stream* 

In 1980-81, these values u/ere found to range from 6.4 to 10.2 

mg/l. in Umiam river, 4.2 to 11.6 mg/l in Umkhrah stream, and 7.4 

to 8.4 mg/l in Umshing stream,. Dissolved oxygen ahouied an inverse 

relationship with temperature. 

(5) The quantity of free carbon-dioxide varied from 1.3 to 5.0 

mg/l and 3.5 to 9.5 mg/l in 1979-80 in the Umiam and Umkhrah sys­

tems respectively, ujhereas in 1980-81 the respective range luaa 

found to be 1.4 to 3.8 mg/l and 2.1 to 8.2 mg/l. During this per­

iod the fluctuations of free carbon-dioxide in the Umshing stream 

luas from 2.8 to 4.0 mg/l. 

(6) During 1979-80 the values of alkalinity in Umiam and Umkhrah 

systems varied respectively from 12.0 to 38,0 mg/l and 4,1 to 24»0 

mg/l. In 1980-81, these values ranged from 16,0 to 26.0 mg/l and 

4.1 to 28.0 mg/l respectively in the above systems luhile in the 

Umshing stream, the range was betiueen 28.0 to 49.0 mg/l. Alkali­

nity Values show an inverse relationship ujith free carbon-dioxide 

concentration. 

(7) Phosphate content in Umiam and Umkhrah ranged from 0.32. to 

0.9 mg/l and 0.118 to 0.89 mg/l respectively during 1979-80, 



During 1980-81, the values fluctuated from D.22 to 0.79 mg/l and 

0.234 to 0.804 mg/l respectively in Umiam and Umkhrah syatema, 

uihile the range luaa from 0.26 to 0.87 mg/l in the Umshing stream* 

The concentration of phosphate in all the three systems uere 

found to be quite poor. 

(a) Louj concentration of nitrate have been detected in all the 

three systems. In 1979-80, the values ranged from 0.06 to 0.68 

mg/l and 0.02 to 0.5 mg/l in the Umiam and Umkhrah systems respe­

ctively. The respective range of fluctuations during 1980-81 uias 

0.06 to 0.62 and 0.01 to 0.32 mg/l, luhile it uiaa 0.08 to 0,62 

mg/l in the Umshing stream. Nitrate showed an inverse relationship 

uiith oxygen content and temperature. 

(9) The silicate content, in Umiam and Umkhrah during 1979-80 was 

recorded to range from 0.2 to 2.45 mg/l and 0.35 to 1.88 mg/l 

respectively. In 1980-81 their respective range of fluctuations 

varied from 0.15 to 2.125 mg/l and 0.14 to 2.0 mg/l, uihile it was 

4.26 to 6.0 mg/l in the Umshing stream* In all the three systems, 

silicate u/as found to vary inversely u/ith alkalinity. An inverse 

relationship betuieen silicate content and free carbon-dioxide has 

been observed in the Umiam and Umkhrah systems. 

(10) During 1979-80, calcium values u/ere found to vary from 4.775 

to 2.70 mg/l and 1.3 to 4.6 mg/l respectively in Umiam and Umkhrah-

The respective fluctuations for the above tiuo systems during 1980 

-81 were from 2.80 to 4.80 mg/l and 2.10 to 4.95 mg/l, u/hile in 

the Umshing stream, it luas from 2.0 to 4.8 mg/l. 



(11 ) Magnesium values ranged from 1.2 to 2.15 mg/l and 0.7 to 1.6 

mg/1 respectively in Umiam and Umkhrah during 1979-80, In 1980-81 

the respective ranges were 1.24 to 2 mg/l and 0,5 to 1.9 mg/l, 

while it was 1.42 to 3.3 mg/l in the Umshing stream, 

(12) Chloride values in Umiam and Umkhrah varied from 0.32 to 0.95 

mg/l and 0.28 to 0.69 mg/l respectively during 1979-80. In 1980-

81 the respective chloride values ranged from 0.21 to 0.92 mg/l 

and 0,22 to 0.75 mg/l. During this period the range was found to 

be from 0.37 to 0.90 mg/l in the Umshing stream. Chloride content 

was found to be low in all the three systems. 

(13) Total hardness levels during 1979-80 in Umiam and Umkhrah 

have been found to fluctuate from 14.5 to 36.0 mg/l and 8.4 to 

22.0 mg/l respectively. Their respective range during 1980-81 \uaB 

from 14.2 to 38.0 mg/l and 11,55 to 24.4 mg/l, while the Umshing 
1 

stream waters showed a range of 18.4 to 26.34 mg/l during this 

period. Total hardness levels were comparatively poor in all the 

stations. 

(14) During 1979-80, the levels of calcium hardness varied from 

10.0 to 22.0 mg/l in Umiam and from 6.2 to 15.4 mg/l in Umkhrah. 

Their respective fluctuations during 1980-81 were from 10,1 to 

21.0 mg/l and from 8.1 to 15.3 mg/l, while in Umshing stream it 

was from 14.36 to 20.98 mg/l. 

(15) During 1979-80 the levels of magnesium hardness varied from 

3.5 to 22.0 mg/l and from 1.67 to 11.0 mg/l in the Umiam and the 

Umshing systems respectively. The fluctuations of values during 



1980-81 ranged from 2.2 to 20.0 mg/l and 1.0 to 10.8 mg/l respec­

tively in the above tujo systems, uuhile in the Umshing stream the 

levels of magnesium hardness fluctuations luere from 3.59 to 5.81 

mg/l. The peak levels of magnesium hardness were generally found 

to coincide uuith the peak levels of calcium and total hardness. 

(16) In all the three systems true planktonic algae mere scarce, 

but mostly were periphytic and their abundance has beeen observed 

to increase during the months of March to May. 

(17) The benthic samples of the systems shoujed the presence of 

various insect groups. 

(18) The factors found to affect the groiuth of periphytic algae 

are; temperature, pH, dissolved oxygen, free carbon-dioxide, 

alkalinity, phosphate, nitrate, silicate, calcium, magnesium and 

hardness of water. 

(19) In the present study, morphological variations have been 

observed between three populations of £. llssorhynchus. A feu/ of 

the morphological parameters viz.. Fork length, Pre-dorsal length, 

Head width. Post-orbital distance. Diameter of the disc and Length 

of the caudal peduncle were found to be higher in the population 

of Umshing stream, whereas Least height of body. Inter-orbital 

width and Girth were observed to be higher in specimens from the 

Umkhrah stream. In the Umiam river population, parameters like 

Head length. Eye diameter. Body depth. Length of dorsal fin, 

Length of pelvic fin and Length of anal fin were found to be 

higher than other populations investigated. The regression 



equations of the various parameters on the Stjandard length were 

found to differ from population to population, 

(20) The length-weight relationship formulae of £• lissorhynchua 

from the three systems have been derived to be ?-

Log W = -4.95793:5 + 3.055714 log TL | 

W = 0.00001102 Z5»0557 |(Umiam population) 

r = 0.994536 f 

Log W = -5.042796 + 3.125132 log TL | 

W = 0.000009061 Z5-1251 |(Umkhrah population) 

r = 0.999446 5 

and. Log W = -4.843737 + 2.997391 log TL | 

W = 0.00001433^^*^^'^^ I (Umshing population) 

r = 0.999128 J 

The regression equations of length-weight relationship for 

juveniles and adults from the three different populations have 

been worked out as has also been for length-weight of the popu­

lations during different seasons (viz. summer and winter). The 

regression and parabolic equations for males and females too, has 

been calculated. 

(21) Condition factor varied from 0.9699 to 1.8994 in the Umiam 

river individuals and from 1.3372 to 1.7456- in the Umkhrah stream 

specimens. In the Umshing stream population, it varied from 1.2505 

to 1.9034. Such variations have been attributed to different 

factors such as environmental conditions, food availability and 

gonadal maturity. 



(22) Maturity atudiea Indloated that £. llsaorhvnchua haa one 

spaiunlng aeaaon, l«e. from 3un8 to September* In all the popula­

tions, the ovaries of the species contained only one batch of 

maturing ova clearly demarcated from the immature stock. 

It has been observed that 50^ maturity (Meg) of specimens 

from Umiam and Umkhrah systems occur at the 60-64 mm length 

group, luhile the individuals of the Umshing stream attained Men 

at the 55-59 mm length group. 

(23) Gonado-somatic index (Gn.S.I.) calculations indicated that in 

£. lissorhynchua the spau/ning season lasts from June to September 

confirming the other results obtained for apaiuning season of the 

fish. It has also been observed that there is a tendency for 

Gn.S.I. to increase mith the increase in total length of the fish. 

(24) The fecundity of £. lissgyhyncfĥ us has been found to range 

from 427 to ISQp^ 2̂ 3 to HIO ©nd 2̂ 0 to ip03 eggs in specimens 

from the Umiam, Umkhrah and Umshing systems respectively. The 

fecundity estimates suggest that the fish is highly fecund com­

pared to other cyprinids of same size. Regression relationshlpa 

betiueen fecundity and various other parameters have been derived 

and presented in the text. 

(25) Food items found in the digestive tracts of all the specimens 

examined have been demarcated in four broad groups t-

(a) Periphytic Bacillariophyceae (b) Chlorophyceae (c) Myxophy-

ceaa (d) Detritus. The major food of the species has been found 

to be periphytic algae belonging to the family ofBacillariophyceae. 
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Feeding intensity or GfS.I, mas found to be higher in the 

individuals of smaller length groups in all the three populations, 

The relative length of the, gut (R.L.G.) was found to range from 

2.775 to 8,160, 2.663 to 8.050 and 2,550 to 5.850 in the indivi­

duals from Umiam, Umkhrah and Umshing systems respectively. 

It may be inferred from the present investigation that 

unity of any fish and environment represents a system of adaptive 

relation betu»een the species and the abiotic and biotic nature of 

their immediate environment. Hence, the successful existence and 

development of the fish depends on its adaptive interaction luith 

its environment. The character of the interdependence of the fish 

to its environment, seems to be specific not only for various 

species, but also for different individuals of the same species. 

It is also clear that the dominant relations are not fixed, but 

art dependant on all other correlated factors of the system, 

They change during ontogenesis and may differ between populations 

of the same speoiea* 

.£•£11) Lu»t«ra ^ 

«". îf ^ r e : » 

*« *b^ 
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G E N E R A L I N T R O D U C T I O M 

I t i s an establ ished fac t that organisms cannot ex is t with-* 

out the environment. Any papulat ion, species, or organism l i ves at 

the expense of i t s environment, and without t h i s i n te rac t ion i t 

ceases to ex is ts The successful existence and development of any 

organism depends on i t s adaptive i n te rac t i on luith i t s environment* 

The system of adaptive in terac t ions of f i s h with i t s environment 

i s composed of i n te r re la t ionsh ips uuith the ab io t i c and the b i o t i o 

environment* Any a l t e ra t i on i n the nature of any fundamental 

b i o t i c and or ab io t i c component i n the environmont of the f i s h , 

inev i tab ly evokes a reconstruct ion not fo r the be t te r , but 

normally for the morse of the en t i re system of re la t ionsh ips 

between the f ishes themselves and t h e i r immediate hab i t a t . The 

character of the interdependence of the f ishes to i t s natura l 



environment, ia knoiun to be apeoific n«t only fot the \/ariou9 

species, but also for different individuals of the same species, 

The interaction of the fishes and the environment bears an 

adaptive character and every adaptation is specific. Adaptation 

is a property directed toujards securing the preservation and flo­

urishing of the species under which it lives and to uihich it 

adapted itself in the process of its evolution. Hence, it ia 

obvious that the adaptation to the corresponding biotic and 

abiotic, conditions should be related to morpho-physiological 

changes. A species is characterized by a relative morpho-phyaio-

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

a particular environment under the conditions of mhich the 

species was formed and with uihich the species is in unity (Kaur, 

1981). / 

The features of the species reflect its adaptation to par­

ticular condition of existence. It must be emphasized that the 

character of the interaction of the fish with any particular 

element of its environment depends to a significant extent upon 

the condition of the fish itself, its stage of nourishment, fat 

content, the state of maturity of its gonads, and so on. 

The, individuals of any species do not refect all of its 

properties. The species is a continually changing plurality, and 

the very character of this change i.e. the type of its population 

dynamics (time of spawning, life span and so on), are specific 

features. The variability is greater in species adapted to the 

more variable conditions* Populations of a species which live 



under less stable conditions possess a greater amplitude of var­

iation in those features lyhich are adaptations to the varying 

factor of the environment, luhereas populations of species juhioh 

live under mors stable conditions possess less variability. The 

amplitude of variability is also an adaptive property which 

ensures more favourable oonditiona of life for the population. 

The amplitude of variation of the features and ppopertias of 

species luith a restricted distribution is usually less than that 

of species luith a ujide distribution.- Within limits of the distri­

bution of the species, the amplitude ef variation, like other 

species' properties, ensures the unity of the species with the 

environment. 

The species ha# a definite area of distribution, uiithin 

limits of ujhich, the conditions correspond to its morpho-phyaio-

logo-ecological specificity. The morphological, physiolo^gicw-l and 

ecological properties of the species are relatively stable in 

time. Changes uiithin the species, apart from those connected u»ith 

age and sex, bear a local character i.e., they are adapted to a 

particular habitat or to a definite geographical part of the range 

of distribution. This variability of group is a species adapta­

tion, mhich ensures either that a greater variety of habitats are 

occupied or else a u/ider geographical distribution. 

Population ecology is one of the most difficult aspects of 

fish biology to study, mostly because of the problems involved in 

sampling fish populations adequately. Nevertheless, pof^ulation 

ecology is so important that fisheries research programme have 



tended to concentrate in this subject area. Much of this effort 

has been directed at determining sizes and fluctuations of explo­

ited fish populations, and at examining age-structure and growth 

rates to arrive at some idea as to whether the population is 

declining, stable or increasing and the impact of fishing, upon 

that population. In particular, much effort has gone into exami­

ning the relationships betujeen recruitment of fish and size of 

the parent stock. The first general model of this relationship 

mas developed by Ueberton and Holt (1957), Although this model 

uuas successfully applied to fisheries. Its application to many 

others u/as disastrous, while the study of relationships betiveen 

stock and recruitment obviously is enormously important, it is 

also obvious that the reasons for such observed relationships 

need to be understood as luell. This is particularly true since 

these relationships are seldom straight forward, primarily because 

many, if not most, factors affecting survival of larval fish are 

independent of the abundance of the larvae. The biological factors 

are ultimately regulated by environmental factors, including 

currents, upwelllng and water temperature. As the importance of 

these relationships become apparent, more research is being 

devoted to mechanisms regulating growth and survival of fishes, 

but only a small numbera of species have been examined and still 

fewer are well understood. Even with more advanced life-history 

stages, much basic information is lacking on factors affecting 

population regulation for all but a handful of species (Moyle 

et̂  al, 1979), 



Uieujs on various aapscta of fish population dynamics are 

diverse, but the problem luas of no general concern until the mid-

nineteenth century. Houjever, Ber (1954) luas the founder of the 

modern progressive theory of productivity and of fish population 

dynamics. The theory of population dynamics is a division of the 

general theory of the development of life, luhich deals luith the 

laujs of reproduction, growth and the causes of death of living 

organisms (Nikolsky, 1969)., The main lauis of fish population 

dynamics as for other organisms are as follows. They are concerned 

uiith the continuous process of the replacement of generations in 

time, the birth of a generation, its growth and death. The details 

of the process are governed by specific adaptations and by the 

relationships of the fish with the environment. 

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

fish biologists have tended to specialize at one particular level 

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

fewer at the community level. The population dynamics of commer­

cially valuable organisms is now primarily applied to the prebldm 

of providing their maximum yield. This entails a study of the 

productivity of the biosphere as a whole, which in turn involves 

the solution of various biological problems. The dialectical 

materialistic theory of development should be the basis of a pro­

gressive theoritical population dynamics for fish and other orga­

nisms, especially ideas such as the unity of an organism with its 

environment, the reality of a species, the adaptive significance 

of all species features, discontinuous continuity (stages) and so 

on. 



It is mail knoujn that the unity of any organism and envir­

onment represents a system of adaptive relations betiueen the, 

organism and the biotic and abiotic parts of its environment. The 

dominant relations are not fixed but are dependent on all the 

other links in the system. They change during ontogenesis and may 

difffer betujeen populations of the same species, 

All the relations ujith the environment affect the progress 

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

that ensures the survival of the species under the conditions to 

ujhich it is exposed (Nikolsky, 1969). Regier (1974) emphasised 

that a field ecologist intending to study fish is faced at the J 

outset with the task of locating these creatures in an alien and 

largely opaque environment. Recently Kerr (1980) expressed that 

the niche concept provides a useful framework for analysis at the 

interface betiueen organism and environment. By definition, all 

acologlsts have a common Interest in analysis at the level of bio-

logicepl organization. Fisheries ecology Is not exception. Demon­

strably, fisheries ecology has long possessed a theoritlcally 

sound, extremely developed and eminently practical niche concept 

which in all but name, anticipated and considerably antedates the 

contemporary views of theoritical ecology. Accordingly, it is 

convenient to distinguish an "academic" and a "fisheries" 

(applied) approach to niche analysis. 

These same reasons had relatively little appeal for flsh^ 

arias ecologists. In the first place, fisheries scientists are 

not often concem&d with ultimate causes or Bquillbrium systems. 



The immediacy and directness of the pressing problems in fisheries 

require proximate solutions, scaled in physiological or demogra­

phic time, rather than in evolutionary time# Secondly and perhaps 

more importantly, fisheries ecology already possessed a luell dev­

eloped approach to analysis at the interface betujeen the organisms 

and environment. There mas no record to adopt the relatively 

abstract and leas practical approach of the theoritical ecologista< 

The basic fisheries approach u/as set out in detail by Fry 

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

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

has long since bean the standard for analysis of environmental 

factors in fisheries and has found a loide range of applications^ 

so much so that its origins are sometimes forgotten. It3 essential 

characteristic is that it derives from autocology* It is primarily 

concerned luith categorizing environmental factors according to 

their affects on the activities of organisms, as measured by 

standard physiological techniques. 

Fry*3 method provides several useful advantages. It enables 

precise description of the lethal limits of a given factor to a 

specific organism. In Fry*s terms, the zone uiithin the "incipient 

lethal levels" of a given factor defines the "zone of tolerance" 

of the organism. Except that he did not explicity extrapolate the 

zone of tolerance 'n-space* and called it a "niche". Additionally, 

Fry*s methodology allouied precise definition of a "zone of resis­

tance" surrounding the zone of tolerance, reflecting the time 

dependent capacities of organisms to survive levels of a factor 



ujhich mould be lethal, if prolonged indefinitely. This provision 

and the ability to measure it precisely, is essential to many 

analysis of non-equilibrium situations, as for example Trout 

briefly penetrating the thermocline tp feed beyond their inci­

pient lethal temperature (Kerr, 1980), 

Most significantly. Fry's approach enables useful analysis 

beyond mere survival. His approach recognizes the metabolic basis 

for the activities of organisms, providing the conceptual founda­

tion for categorization and measurement of the affects of external 

factors on the capacities of organisms to function specifically. 

Fry (1957) defined the metabolic "scope for activities", luhich is 

the net metabolic latitude that an organism is able to expand, at 

a given conjunction latitude of environmental, variables, beyond • 

the basic prerequisites for its mere survival* That is, he provi­

ded a common measure, in units of energy expenditure of the capa­

cities of organisms to mount as^ful activities at any point 

u/hthin their zones of tolerance. In efrect. Fry provided a univer­

sal method for contending the niche hyperspace. 

Given these tools, it is understandable that fisheries 

scologists failed to embrace the mora recent and less utilitarian 

alternativsa offered by the academic theoriticians^ In fact, the 

academic and applied approaches outlined above are not in opposi­

tion. Apart from failure to equate "zone of tolerance" with 

"niche", the tmo schools differ chiefly in that the fisheries 

approach is more usefully quantifiable in standard units of energy 

expenditure, as opposed to the various measures that have been 



applied by the aoademica. Houjever, it seems reasonable to conclude 

that fisheries and academic ecologista have independently develo­

ped parallel and compatible methods of analysis at the organism 

environment interface. 

In the first place, ecology differs from many scientific 

disciplines in that it simply does not possess a coherent and 

comprehensive theoretical base, recent progress notiuithstanding* 

Thus, there is less disciplinary pressure to link the applied luith 

the theorltical, alloiuing the various sub-disciplines of ecology 

to develop luith greater independence than in many other scientific 

disciplines. Moreover, much existing ecological theory fflas formed 

under the evolutionary paradigm that noiu tends to dominate acade­

mic thought. As discussed previously, their approach often appears 

remote and un-realistic to the fisheries analyst, typically con­

cerned ujith perturbed systems, often far from equilibrium, mhich 

require proximate scales of cnalysls. For these and many associa­

ted reasons, fisheries and academic ecology have tended to develop 

independently. Unfortunately so, because many instances could be 

cited of intellectual wheels having been unnaccessarily reinvented 

by one or the other sub-disciplinea. More seriously, one can only 

guess at the missed theoritical and analytical opportunities that 

might have been realized from a close coupling of academic with 

fisheries ecology. Principles of fisheries management must obvio­

usly rest ultimately on sound ecological theory. On the surface, 

then it luould seem that fisheries, and academic ecologista should 

be interested in similar problems. 
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Bardach (1978) argued that the application of fisheries 

science and limnology to aquaculturs has been late in arriving, 

because these acienoes themselves had to develop specific tech­

nical and conceptual tools in population biology, fish physiology 

and analysis of nutrient dynamics in luater and the like. It is 

this grouith of scientific approach of aquaculture, luhich may even­

tually develop into --^ applied scientific disciplines. 

Since fishes are both poikilothermic and live permanently 

immersed in luater, they are very directly and quickly afFected by 

changes in their ambient medium. It is vuell knovun that since fish 

affect the trophic status of other organisms in their environment 

and alter the condition of water in various mays especially luhen 

their population density is high, the relation betuieen organisms 

and environment are far from unidirectional. A study of biology 

in fish, offers an ecologist many opportunities to enquire into 

the dynamic balance and the states of change in aquatic ecosystems, 

Weatherley (1972) stressed that most studies of fish population 

dynamics and growth, have been restricted to determining respon­

ses of a population to changes in certain features of the envir­

onment. A limited number of investigations, have hoiuever, taken 

the vieui that every fish population is a part of an ecosystem, 

affected by chemical and physical factors luhile functioning 

luithin the system through biotic, especially, trophic interrela­

tionships. 

It is becoming increasingly clear that ujise management of 

fishery requires a consideration of the total aquatic ecosystem 
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In a givan region, since tha componanta of the ayatem interact and 

the fishery for one apeoiea may affeot abundance and distribution 

of other apeoiea. Hence> there ia a need to daterminB the basic 

distribution, abundance and the habitat requiramenta of the fiahea 

in a particular ayatemt 

Fishaa ha\/a great aignifioanoa in the life of mankind, 

being an important natural aouroe of protein and prov/iding cer­

tain other useful products aa luell as in the economy of many 

nationa, particularly in a developing country like ours. Freah-

u/ater fiahea too, form a Vital part Qf tha diets of people throu­

ghout tha tropica. The faot that the ujorld catoh of flah, luhioh 

mas Inoreaaing until reoently^ haa noui started declining at an 

alarming rate, mainly due to over-exploitation and other faotora. 

Houiever, today almost all tha inland uiater bodiea are undergoing 

eutrophioation, in other ujords, a step prior to pollution, parti-

oularly due to our burgeoning population, gtou/ing advanoement in 

the cultural aotivitlea etc. This laye emphaaia on the urgent need 

to develop thase I'esoureas fUlly and to a&hleve jbhiâ  tue need to 

undetatand the Paotors governing fiah production. 

The applioation of fisheries soiencea and limnology to 

aquaoulture haa been late in arriving, becauaa these aoiences 

themselves had to develop apeoifio tsohnieal and oonceptual tools 

in population biology, fiah physiology and analysis of abiotic 

and blotic component along u/ith nutrient dynamioa in u/ater. It ia 

this, the grouith of acientifio approach of aqUaculture, urfiioh may 

eventually develop into an applied acientifio discipline. 
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A basic information on the langth-iueight relationship, 

morphological variations, condition factor, maturity, spaiuning, 

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

biotio environment is indispensible, as no organism can live as 

isolated units and the activities mhich comprise their lives are 

dependent upon and closely controlled by chemical conditions in 

mhich they live and the populations of other organisms luith tuhich 

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

lacuna in our present day knowledge on the ecology and biology of 

hill stream fishes viz., Garra lissorhynchus, Channa punctatus, 

Channa stetuartii, Channa oriantalis, Danio ap«, Nemaoheilus sp­

ate. urfiich are commonly found in the highland of the North-Eastern 

part of India. 

The North-Eastern Hilly Regions of India are mostly inhabi­

ted by tribal people and most of them are meat eaters having in­

adequate sources to fulfill the great protein deficiencies. More­

over, it is luell knoiun that the tribals of the hilly areas in 

Meghalaya (Khasis, Dainties and Garos) have less land for agri­

culture, but 85^ of the population subsists on agriculture. Apart 

from animal husbandry and mining of silliminite, coal etc. there 

are no industries in Meghalaya. There is, hourever, plenty of rain 

and sufficient luater bodies to grou; fish in this part of the 

country. Hence, introduction of fish farming in these highlands 

would certainly help to grouj a nem occupation mhich mill raise 

the economic status of small farmers. There is houjever, hardrLŷ  

any practical information available on the structure and function 
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of freshuiater ecosyatems and on the biology of fish that naturally 

groiaa in this region. 

There is a paucity of information on the biology and eco­

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

ETaatern part of India and knouiledga of these is of utmost impor­

tance, not only from the academic point of vieuj, but its utility 

in increasing the technological efficiencies of the fishery entr­

epreneurs for evolving judicious management measures in culture 

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

tific knoujledge on these aspects, prompted to undertake the 

present investigations. It is therefore, earnestly hoped that the 

information embodied in this dissertation, apart from academic 

importance, it mould have application and relevance, to the socio­

economic development of these areas of the country. 

These hilly .axtaea. of the North-east India are rich in 

its freshuiater resources ranging from very small ephemeral pools 

to big perennial ponds, lakes, streams, thermal springs and 

rivers, spread all over the region, in a luide range of climatic 

conditions. An extensive survey on the Ichthyo-fauna of this 

region reveate that the lotic ecosystems in Shillong region abound 

u/ith Garra lisaorhynchua along uiith other less commercially impo­

rtant fish species. 

Keeping in vieiu the basic neccesaity to have a knowledge 

on the structure of lotic ecosystems and on the biology of 

G. liaaorhynohus adapted in such systems, a study has been 



14 

undertaken on some aspepta of the ecology and biology nf tho 

above mentioned speclea* 

The atudy pertaina to the apeolmens of fish collected from 

a river and tuio streams aituated in and around Shillong (India), 

tuith emphasis on the follou/ing :« 

(a) The struoture of the lotic system from the limnological 

standpoint and impact of the abiotic and biotic factors on 

the biology of G. lissorhynohus. 

(b) An intraspecific comparison on some important biological 

parameters of the apeoiea, 

The dissertation has been divided into two broad chapters. 

The first deals mith the environment of the fish and the second 

loith their biology. 
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I N T l ^ W D U ZM I O N 

An Bcosystsm is traditionally regarded to be a self-contai­

ned complex system to tuhich energy is supplied in the form of 

radiation. This energy passes through a series of trophic levels 

converting inorganic substance into organic materials u/hich sub­

sequently returns to their original forms, Houjever, such a similar 

trend does not - apply to the ecosystem of running waters, vuhere 

anything released into solution by metabolism tends to go dourn-

stream and has little opportunity of being recycled at the spot. 

The unidirectional floui of streams set their waters off from 

lentic habitats. The water current is a salient feature of streams 

and therefore, there is little or no opportunity for retention of 

ions and compounds in streams except by addition due to runoff 

from shores (Reid, 1961). 
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Winberg (1963) implied that the most important goal of 

limnology is to study the circulation of materials and especially 

of organic substances in a::-body of water. Biotic and abiotic phe­

nomena are, ofcourse, interrelated and the concept of balance ia 

a major part of this interrelationship. Thus, the aim of limnolo-

gical investigations are to comprehend and calculate the mhole of 

productive and destructural processes that are involved in the 

energy floiu. In brief, it is the science of inland luaters concer­

ned ujith all the factors that influence living populations uiithin 

those luaters. Thus, the study of abiotic environment is of utmost 

importance as the seasonal and diurnal variations in the physico-

chemical properties, from the substructure upon luhich the whole 

framework of biological productivity rests (Naaar, 1980b). 

Inland waters are ecologically diverse and only a few have 

been intensively studied* Although streams outnumber the units of 

standing water investigation of the running waters, particularly 

from limnological standpoint, had lagged behind that of lakes and 

ponds. In few instances extensive researches in relation to pollu­

tion has been reported by Gaufin and Tarzwell, 1956; Garmer st al. 

1936J Causton, 1948j Patrick and Ruth, 1950j Mohr, 1952; Klein, 

1956; Butcher, 1964; Hannan and Young, 1974; and Hannan and Broz, 

1976. 

Studies relating to Indian freshwaters extend back to the 

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

ting species lists and descriptions of taxa new to the then Indian 

sub-continent (Baird, 1859; Anderson, 1889; Bhatia, 1936; Arora, 
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1931J Prasad, 1916; Edmondson and Hutchinson, 1934; Brehm, 

1.936, 1950; Hauer, 1936, 1937a,b). Some of the significant mono­

graphs on algae are those of Desekachary (1959) on Cyanophyta, 

Philipose (1959, 1967) on Chlorococcalas, Uenkataraman (1961) on 

Vauchariacaae and of Ramanthan (1964) on Ulotrichales containing 

extensive bibliogxaphies on the subject. 

After about three decades extensive research uuas carried 

out by numerous Indian u/orkars on different freshu/ater organisms, 

particularly the zooplankton. These were on Protozoa (Naidu, 1962, 

1966, 1967), on Rotifers (Conner, 1949; George, 1961a} Paaha, 

1961; Arora, 1962, 1963a,b, 1965, 1966; Nayar, 1965a, 1970; Nayar 

and Nair, 1969; Michael, 1966, 1973; Naidu, 1967; Wycliffe and 

Michael, 1968; Wulfert, 1966; Vasisht and Gupta, 1967; Vasisht 

and Dauiar, 1968; l/asisht and Bhattish, 1969, 1970, 1971a,b; 

Rajendran, 1971; Dhanapati, 1973, 1974, 1975, 1976a,b, 1978; Das 

and Akhter, 1976; Sharma, 1975, 1977, 1978, 1979; Nasar, 1973; 

Laal and Naaar, 1977; Tiuiari and Sharma, 1977; Patil, 1978); on 

Cladocerana (Bisuiaa, 1964; Nayar, 1971; Michael, 1973; Nasar, 

1977d); on Oatracoda (Deb, 1972; Naaar and Deb, 1975; Nasar, 

1977b; Dab and ^Nasar, 1977); and other Branchiopods (Nayar, 

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

The primary attempts on the seasonality of Indian freshwa­

ter plankton luere that of Seiuell (1935) on the fauna of a tank 

(pond) in the Indian Museum Compound, Calcutta. Earlier, Prasad 

(1916) and Pruthi (1933) described the seasonal changes of the 

physical and chemical characteristics of the u»ater in the same 
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system. Folloiuing this, there vuere a long series of hydrobinlogi-

cal studies of freshwater impoundments mostly in prrids and reser­

voirs in different parts of the country. Many of these were ini­

tiated to obtain baseline information of plankton and water 

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

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

fishery workers (Hora, 1951; 3ob, 1951). 

It was around this time that many general limnological 

surveys and studies of somewhat regional nature were published 

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

and northern regions (Das, 1961, 1970; Das and Srivastava, 1956, 

1959; Das ê . ai» 1969, 1970; George, 1961b, 1966a; Pahuwa and 

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

Qayyum, 1966; l/asisht, 1968; Vyas and Kumar, 1968; Sahai and 

Sinha, 1969; Unni, 1971; Grover et. ajL, 1978; Uaas and Zutshi, 

1979; Swerup and Singh, 1979; Yousuf, 1979), some from southern 

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

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

Subbarao and Govind, 1964; Sr. enivasan, 1964a, 1968, 1970, 1971; 

Seetharamaiah, 1966; Hussainy, 1967; Munawar, 1970; Seanayya, 

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

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

et ̂  1971; Nasar and Munshi, 1974, 1975; 3ana, 1973a; Nasar and 

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

Apart from the above general works, there have been speci­

fic studies on zooplankton ecology (George, 1966a; Bernica, 1970, 
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1971a, 1972a; Nayar, 1970; Moitra and Bhoiumick, 1968; Michaal, 

1968; Naaar, 1977a, 1979), cyclomorphoais (Nayar, 1965c; Arora, 

1966b; George, 1966b; Sharma, 1976) diurnal variations (Krishna-

mupthy and Uisuieaiuara, 1965; Michael, 1966; l/erma, 1967; Sumitra, 

1971; Nasar, 1977a) and on biochemical aspects (Sernice and Srini-

vasagam, 1967; Michael and Chandran, 1967; Bernice, 1971b, 1972b; 

Khan and Siddique, 1971a,b). Certain luorka on the apology of the 

aquatic insects has alao been attempted (Sen, 1979), 

General u/orka on the weed fauna are by Michael (1968) and 

on benthos by Mqndal and Moitra (1975). In recent years feu; stu­

dies on the aquatic macrophytes and their production were conduc­

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

1978; Rai and DattaMunshi (1979) and Rai et. ̂ 1 (1980). A compara­

tive account of soil-mater relationship in three tropical ponds 

luas described by Sumitra (1971) and on Indian thermal springs by 

3ana (1970, 1973b), 3ana and Sarkar (l971a,b) and Saha and Datta 

Munahi (1980). There lacks a total information at the decomposer 

level except a preliminary report by Nasar and Munshi (19B0), 

After the functional aapecta, primary productivity and 

energy floiu atudiea are the tiuo largely attempted areas of resea­

rch and are based on the mell known light-dark bottle techniques 

and their theoritical computations respectively (Sreenivasan, 

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

1970; Kaul, 1971; Khan and Siddique, 1971a; Sumitra, 1971; Nasar 

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

1980; and Naaar, 1980a). The effect of certain organochlor 
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insecticides on primary production has been recently studied by 

Nasar (l979b). An outstanding effort to revieu; the limnological 

knowledge in India luaa made by Naaar (l980b). 

A good deal of limnological luork has been carried out in 

India but most of the available literature on tropical freshiuatera 

ia incomplete as it portrays either (a) a momentary picture of the 

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

of occurrence luithout adequate descriptions of the relative abun­

dance of individual organisms of each species, or (c) are confined 

to a single tank, pond or lake of some particular geographic reg­

ion. l/ery feu; attempts have bean made to determine the exact and 

comparative relationships amongst various components of the eco­

systems during different seasons of a ' yearly cycle. The majority 

of these investigations have mainly dealt with the abiotic factors 

and feiu biotic factors luithout paying much attention to fishes, 

uihich have great significance in the life of mankind and mhich, 

apart from being an important natural source of protein and cer­

tain other useful products also has the immense potential to 

contribute to the economics of many nations. 

Realising these possibilities, limnological studies in 

general have been the object of research for many Indian Scientists 

during the last feu; decades. However, few have studied the fresh­

water ecosystems from higher altitudes and, as a matter of fact, 

practically no such work has been attempted from the highlands of 

the North-Eastern Region of the country and hence the present 

study was undertaken to elucidate certain important abiotic 
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aspects of three lotic systems namely Umiarn> river and Umkhrah and, 

Umshing streams situated in the vicinity of Shillong (Figs.l & 2)> 

together mith the biotic factors u/ith special reference to the 

fish, Garra lissorhynohus (McClelland) tuhich is commonly found in 

these luater bodies, and are greatly relished as food by the local 

populace. The aim of this study is to obtain basic informations 

on the physico-chemical factors of the freshiuater ecosystems of 

the highlands of Shillong, u/hich luill, apart from the academic 

vieui-points, be useful not only in understanding the environmental 

conditions where such fishes thrive but also help in gathering 

information for the proper propagation and management of aquacul-

ture. 
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STUDY AREA. 

The city of Shillong (Fig, 1), capital of the State of 

Meghalaya is situated at an altitude of A§B62 feet above the sea 

level and falls at an Interaection of 2505'N latitude and 91°9'E 

longitude. 

The Meghalaya region is a pre-cambrian table-land luhich is 

the eastward extension of the massive block of the Indian peninsu­

lar shield from luhich it has been separated by the Garo-Rajmahal 

gap as a result of denudational and tectonic forces. The Shillong 

hills touiering above Shillong contain the highest peneplaned sur­

faces trending E.S^E. to W.N^W* of the central portion of the 

plateau proper, over uihich streams meander before plunging into 

the deep valleys of the Umiam and the Umkhen» The presence of many 

rapids and luaterfalls in the neighbourhood of Shillong indicates 

that this region has a youthful topography perhaps due to a reoent 

uplift. 

Climate of Shillong :- Locational and physiographic factor have 

greatly influenced the climatic oharactsriatics of Shillong. The 

climate of this region differs from that of the Brahmaputra valley 

chiefly due to its high relief which, in general, makes the cli­

mate very salubrious. Shillong experiences very cold nights In 

luinter, luhen the temperature goes doiun to about I.T^C. The temper­

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

ujinter (0ecemb8r-3anuary) one usually experiences frost although 

snou/fall is unknown to this region. The most interesting climatic 

characteristic of this part is very high rainfall with an average 
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annual of 7,196 mm uihich dlatinguishea thia area climatically from 

other parts of the Meghalaya. Houever, there is a great variation 

of rainfall luithin thia region, from South to North. This is prima­

rily because the higher part i.e. the Centi?al Upland Zone having 

an E-W alignment rendering a rain ahadom effect on the areas lying 

to the north. Consequently, the rainfall in Cherrapunji ujhich is 

located in the structural platform on the south is as high as 

12,033 mm u/hile Shillong being located only 50 km to the north 

luith a rain shadow effect gets only 2,296 mm. This is due to the 

fact that south-iuest monsoon laden luith great amount of moisture 

from the Bay blows over -Bangladesh and is suddenly out off by 

the cliffs of the table-land in the south with an average eleva­

tion above 1,200 m which juts out like a peninsula into the surr­

ounding gorges about 600 m deep on either sidev. and as a result, 

the monsoon having reached the heads of the gorges ascends verti­

cally upwards and causes heavy rainfall^ whereas, Shillong 

experiences a rain shadow effect-as mentioned earliep. 

Meteorological condition of the Study Area 5- Data on certain 

meteorological factors for the year 1979-81 have been tabulated 

in Table-1 and graphically presented in Fig. 4. The meteorological 

data have been obtained from the Meteorological Station, Upper 

Shillong situated about 10-25 kms from the different study sites. 

During the period of investigation, the study areas experi­

enced heavy rainfall (408.9-315.9 mm) from 3une, 1980 to September, 

1980 and from May, 1981 to August, 1981 (401-539.4 mm). Th© rela­

tive humidity always remained above 40 during the two years except 

in nne instance (November, 1979) when it dropped to 31.4 (Table-1). 
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METEOROLOGICAL CONDITIONS 

MONTHS 

1979 

SEP 

OCT 

NOV 

DEC 

1980 

OAN 

FEB 

MAR 

APR 

MAY 

JUN 

3UL 

AUG 

SEP 

OCT 

NOV 

DEC 

1981 

DAN 

FEB 

MAR 

APR 

MAY 

3UN 

3UL 

AUG 

TEMPERATURE 
Maximum 

2 3 - 4 

2 0 . 2 

2 0 . 2 

1 5 . 9 

1 3 . 3 

17 .8 

2 0 . 2 

2 5 . 1 

2 2 . 6 

2 3 . 6 

2 3 . 7 

2 4 . 2 

2 2 . 6 

2 0 . 5 

1 0 . 7 

1 3 . 7 

1 4 . 2 

1 7 . 2 

2 0 . 0 

2 0 . 5 

1 8 . 9 

2 3 . 4 

23 .1 

23 .8 

TABLE-I 

OF 3HILL0NG 

°C (Mean) 
Minimum 

16 .8 

1 5 . 1 

1 1 . 6 

3 . 9 

• 

5.1 

7 . 5 

1 1 . 2 

1 5 . 2 

1 4 . 6 

1 7 . 4 

18'. 2 

1 7 . 6 

1 6 . 7 

1 3 . 6 

10 •.3 

7 . 9 

5 .9 

7 . 4 

1 0 . 7 

1 2 . 0 

1 4 . 4 

1 7 . 1 

1 7 . 7 

1 7 . 6 

(MEGHALAYA) 

HUMIDITY % 
(Mffan) 

8 7 . 5 

7 9 . 5 

3 1 . 4 

6 1 . 2 

7 3 . 5 

6 2 . 5 

6 0 . 5 

66 .0 

7 9 . 5 

88-.0 

8 7 . 5 

8 6 . 0 

88 >0 

8 1 . 5 

7 1 . 5 

7 7 . 5 

50 .0 

6 9 . 0 

4 0 . 5 

6 8 . 5 

8 4 . 5 

85-.0 

8 8 . 0 

8 6 . 5 

DURING 1979-81 

TOTAL RAIN­
FALL (mm) 

253 .8 

192-.1 

11 .3 

3 5 . 8 

T r . * 

3 2 . 5 

34v7 

80'.4 

261.8 

4 0 8 . 9 

312 .9 

218 .5 

3 1 5 . 9 

224 .3 

-

7 .5 

3 4 . 5 

20-.1 

4 5 . 9 

192 .0 

401 .0 

263 .4 

586.1 

539 .4 

* Tr . = Trace 



Fig. 2 : Photographs of the study sites. 

( A ) Umiam r i v e r 

( B ) (Jmkhrah stream 

(C) Umshing stream 
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Fig . 3 Garra Mssorhynchus (McClelland) 
As Lateral v iew, B « Ventral view 
Cs Dorsal view 
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The avarage minimum temperature varied between 3«9°C to 

18.2°C during September, 1979 and August, 1980, u/hile in September, 

1980 and August, 1981 it fluctuated betiueen 5.90C to 17.700. The 

average maximum temperature varied from 13.3°C in January, 1980 to 

25.1°C in April, 1980 and from IO.70C in November, 1980 to 23.80C 

in August, 1981 (Table-l). 

Description of the sites.:- Three lotic systems viz., Umiam, 

Umkhrah and Umshlng (Fig^ t) u/ere selected for the present inves­

tigation in and around Shillong (25''5»ISi latitude and 91 "9'E long­

itude) situated at an altitude of 4,862 feet above sea level. 

Umiam River :- This is one of the important drainage systems of 

Meghalaya. The ujidth of this torrential river ranges from 20 feet 

to more than 30 feet at places in the loiuer reaches ujith a varying 

depth upto 3 metres. The bed of the river is made of rocks and 

medium size boulders. Rooted vegetation is present on its banks. 

The river traverses through deep valleys covered ujith thick pine 

forests (Fig. 2 A ) . 

Umkhrah Stream :- This is a hilly torrential stream u/hich is mode­

rately narrow uiith a varying depth of 0.5 to 1,0 metres. The uiater 

current is houiever, not as siulft as that of the Umiam river. The 

stream bed is composed of sand and large and medium sized rounded 

boulders. The density of pines in its catchment area is sparse 

u/hen compared to that of the Umiam river. Rooted vegetation is 

present on the banks for a major part of the year (Fig, 28).-
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Umshlng Stream :•• Tha hill stream la nearly of the same uiidth and 

depth as that of tha Umkhrah stream, but ujater currant is lesset. 

The stream bed is oompossd'of Sharp edged medium sized stones, 

The banks are ooversd ujith tall grasses, shrubs and bushes* Hers,. 

too, the density of pines in the oatohment area is less (Fig» 2C)^ 



M A T E R I A L S A N D M E T H O D S 

Samples for the physico-chemical analysis of water and 

periphytio algae samples luere collected at fornightly intervals 

from Umiam river and Umkhrah stream, during the period from Sep­

tember, 1979 to August, 1981 and from Umshing stream from Septem­

ber, 1980 to August, 1981. The follouiing abiotic parameters urere 

taken into consideration in the present study. Temperature (air 

and water). Conductivity, Hydrogen-ion concentration. Dissol­

ved oxygen. Free Carbon-dioxide, Alkalinity, Phosphate, Nitrate, 

Silicate, Calcium, Magnesium, Chloride, Total hardness. Calcium 

hardness and Magnesium hardness. The methods for the above para­

meters adopted for the present study are as follouis :-

The temperature were measured with, the help of an ordinary 

mercury thermometer graduated upto 110°C# For measuring the 
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conductivity and pH, a portable Water Quality Analyser (Make-

ELICO, Model PE-132) has been used. The dissolved oxygen content 

of the luatar has been determined as per the modified Winkler's 

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

Carbonate and bicarbonate alkalinity luere estimated by 

titration with N/5Q Sulphuric Acid using Phenolphthalein and 

Methyl Orange as indicators(A.P.H,A., 1965). Further differences 

of alkalinitiea due to hydroxide, normal carbonate and bicarbo­

nate u/ere calculated as per the method recommended by Welch, 1948* 

Phosphate has been determined folloming the methods as out­

lined in A.P.H.A. (1965). 2 ml of the sample has been taken in a 

test tube and 1 ml of Ammonium Molybdate and 0.4 ml of Stannous 

Chloride solution mere added. Colour developed in about 15 minutes 

and this luas compared with the reagent blank at 650 nm. Similarly, 

standard phosphate solution mas pipetted out in different test 

tubes ranging from 0.1 to 1.0 ml. The volume was equalized with 

distilled water and 1 ml of Ammonium Molybdate and 0.4 ml of 

Stannous Chloride (SnCl^) ware added. Colour was allowed to dev­

elop at room temperature and optical density read off at 650 nm. 

By plotting the optical density, a standard graph has been plotted 

from which the amount of phosphate in the sample was calculated 

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

Nitrate levels have been estimated after A.P.H.A. (1965) as 

follows :-

50 ml of the sample was evaporated to dryness. To the residue, 2 

ml of Phenol-di-sulphonic acid was added. After 10 minutes, 40 ml 
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of distilled luater and 2 ml of Magnesium Sulphate solution luere 

added folloiued by AQ% Sodium Hydroxide, uihich luas added drop by 

drop until Magnesium Hydroxide precipitated. The Magnesium Hydro­

xide precipitate luas removed by filtration through Whatman No»42 

Filter Paper. The hydroxide removed by absorption any coloured 

organic matter ujhich mould otheru)ise interfere \uith the colour 

match. The filtrate has been measured in a Colorimeter at 410 nm, 

against a reagent blank. Similarly, the standard Nitrate solutipn 

luas treated and a standard graph plotted, taking the concentra­

tions on the X-axis. The amount of Nitrate in the sample u/as cal­

culated from the standard- graph thus prepared. 

Silicon content has been determined spectrophotometficaliy 

by reduction of silico«molybdate (Mackereth, 1957), 20 ml pf thi 

sample loas taken in a 50 ml graduated stoppered volumetric flask^ 

to ujhich 3 ml of Acid Molybdate reagent uias added and mixed. 

After 10 minutes, 15 ml of the reducing agent was added and the 

volume equalized urith distilled u/ater. It u/as allou/ed to stand 

for 3 hours and then the extinction read at 812 nm against a blank. 

Silicon content luas found out from a standard graph prepared by 

using knoiun amounts of silicon. 

Calcium ujas estimated folloiuing the method described by 

Golterman (1970)» 20 ml of the sample was put in a 250 ml stopp­

ered volumetric flask. Added in succession luere 2 ml of buffer 

solution (10 gm of NaOH + 10 gm of Na^B^O^ In one litre distilled 

uiater), 1.0 ml of glyoxalbis-(2-hydroxyanil) reagent and 20 ml of 

Ethanol-n-butanol solvent mixture (Ethanol:n-butanol«1:1). The 

file:///uith
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contents mere shakan after each addition, the extinction of the 

sample : compared luith the reagent blank after 25 minutes at 520 

nm» and the calcium content read off from a calibration curve pre­

pared from samples containing knouin concentration of calcium. 

Magnesium in the systems has been detected by the method 

described in the IBP Handbook No.8 (Gcltherman, 1970). 50 ml of 

the sample water u/as poured into a 100 ml volumetric flask. Added 
2+ 3+ 

in succession was 1.0 ml of 0.1N H^SO., 1 ml of Ca -Al soln. 

(1.5 gm of Al2(S0^)j. 18 H^O in 500 ml distilled water), 5 ml of 

starch solution (1,0 gm of soluble starch in 50 ml of distilled 

water), 4 ml of 5N NaOH and 10.0 ml of Brilliant yellow solution 

(10 ^ of Brilliant yellow in 100 cc of distilled water). The 

entire content of the volumetric flask was then diluted to the 

100 ml mark. The extinction of the blanks and samples were measu­

red after 15-20 minutes-at 540 nra and compared with a standard 

curve prepared with known concentrations of magnesium. 

Estimations of chloride was done titramatrically as per 

"Standard Methods for Examination of Water and Wastewater" (APHA, 

1971). To 100 ml of filtered sample, 0.1 ml of Methyl orange Indi­

cator aolution was added. This was titrated with 0.2N sulphuric 

acid till the indicator colour Just changed to orange. To this, 

0.5 ml of 5% Potassium Chromate indicator was added and the resu­

ltant titrated with 0.02N Silver Nitrate solution until a reddish 

brown tinge was observed. The entire process was repeated for the 

preparation of a blank using distilled water in place of the 

Sample, and concentrations were calculated by :-
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, r /,N (Sample Blank) ml Silver Nitrate 0>D2N X 709 
Ci (mg/1) tni sample 

Total Calcium and Magnsaium hardness luere estimated titra-

metriceelly folloujing the procedurea outlined in "Standard Methods 

for Examination of Water and Waataiuater" (APHA, 1971). For the 

estimation of Total hardness, 2 ml of Ammonia Buffer solution 

(BOH) and l(one) total hardness indicator tablet (BDH) u/as added 

to 100 ml of sample in an Erlenmeyer flask» The resultant mas 

titrated ujith Ethylinediaminetetra-acstic acid (EDTfl) 0,02N solu­

tion (BDH) until all traces of red colour luas lost. 

mg/l Total hardness = ml EDTA 0.02W X 1000 

ml sample 

Calcium hardness level estimates ware made by adding 1#0 ml of 4N 

NaOH solution and l(one) Calcium hardness Indicator tablet (BDH). 

The solution was titrated u/ith EDTA 0*02N solution (BDH) until a 

stable violet colour was attained. 

Ca hardness (mg/l) = (nl EDTA 0.02N X 1000 

ml sample 

Magnesium hardness was estimated from the difference betiueen the 

total hardness and calcium hardness. 

A preliminary study revealed that the majority of the algae 

are periphytic in nature generally as in torrential lotic systema 

of tropical environments* The periphyton luere collected by scra­

ping the rocks and boulders of mixed sizes and from a cross-eectlon 

of current conditions at each site according to Bishop (1973). 

Periphyton scrapings vuere then preserved in 5% formalin at the 

spot itself and brought to the laboratory for subsequent analysis. 



R E S U L T S 

The data on the physico-chemical parameters of Umiam river 

and Umkhrah and Umshing streams have been tabulated in Tables-

2, 3 & 4 and illustrated in Figs. 5-15, 

PHYSICAL CONDITIONS 

AIR TEMPERATURE : 

The air temperature at the Umiam river varied from 17°C 

(January) to 26°C (3une) during the period of 1979-80. During 

1980-81 the temperature fluctuated from 16.5**C (December) to 

25.5°C (August). The factor ranged from 11.3°C (January) to 28.9oC 

(August) during 1979-80, luhile during 1.980-81 the range of fluc­

tuation u»as from 12.5°C (January), to 27,80C (June and July) in 

the Umkhrah stream (TablBS-2 & 3). The Umshing stream air 



36 

tempera ture u/aa recordad at a minimum of IO.50C (January) and a 

maximum of 26.8°C (March) dur ing 1980-81 ( F i g . 6 A ) . 

WATER TEMPERATURE : 

During the period of 1979-80, the u/ater temperature of the 

Umiam and Umkhrah varied from 12.2^0 (January) to, 24.5°C (June), 

and 12.5°C (January) to 24.1°C (May) leapectively. Fluctuations 

during the period 1980-81 ranged from 11,2*'C (December) to 24.5''C 

(June) in Umiam, and from 12.8°C (January) to 23«5°C (May) in the 

Umkhrah stream (Fig, 5 A ) . In the Umshing stream, luater temperature 

ranged from 10.0°C (December) to 22.80C (March) during 1980-81 

(Fig. 6 A ) . 

CONDUCTIVITY : 

The conductivity values during 1979-80 fluctuated betureen 

44.0 Mnhos/cm and 58 Mmhoa/cm in Umiam and from 17.2 Wnhos/cm to 

56.52 Wnhos/cm in the Umkhrah stream (Fig. 58). The values yanged 

from 36.0 Mnhos/cm (February) to 52.0 Mnhos/cm (May) in Umshing 

stream (TablB-4) during 1980-81, while the respective range of 

fluctuation in the. Umiam and Umkhrah was from 42.0 to 59.0 Mnhos/ 

cm and 16.24 to 77.00 î mhos/cm. 

HYDROGEN-ION CONCENTRATION : 

In 1979-80, pH of the water of Umiam river ranged from 6.4 

(January) to 7.9 (May) and in the Umkhrah stream the range was 

between 6.0 (January) and 7.2 (April), whereas in 1980-81, the pH 

values of Umiam and Umkhrah ranged from 6.5 (January) to 6.9 and 

from 5.9 (June) to 7.2 respectively (Table3-2& 3). pH of Umshing 

stream was acidic and varied between 6.1 (March) and 6.72 (Jan­

uary) during 1980-81 (Fig. 68). 
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CHEMICAL CONDITIONS 

PISSOUED OXYGEN : 

Dissolved oxygen values ranged from 6#4 mg/l (September) to 

9.28 mg/l (December), and 5.6 mg/l (March) to 11.4 mg/l (January) 

respectively in Umiam and Umkhrah (Fig. 8 A ) . The oxygen values 

for the tu/o system ranged from 6.4 (September), to 10.2 mg/l (Dsc-

embar) and 4.2 (March) to 11.6 mg/l (December). In Umshing stream, 

the values (Fig. 9C) fluctuated, betiueen 7.4 (October) and 8.4 

mg/l (September) dliring 1979-80, 

FREE CARBON-DIOXIDE J 

In Umiam and Umkhrah the quantity of free COg varied from 

1.3 (December) to 5.0 mg/l (3uly) and 3.5 (January) to, 9,5 mg/l 

(May) respectively during the period 1979-80 (Fig. SB), For the. 

same systems the respective values varied during 1980-81 from 1.4 

(November) to 3.8 mg/l (April) and from 2.1 (October) to 8.2 mg/l 

(May). During 1980-81, the free COg values ranged from 2.80 (3an-

uary) to 4.0 mg/l (March) in Umahing stream (Fig. 9 A ) . 

ALKALINITY : 

The alkalinity values in Umiam u/ater ranged from 12.0 mg/l 

in 3uly to 38.0 mg/l in April during 1979-80. During the same pesP'* 

iod, the alkalinity values in Umkhrah uiaters fluctuated betuieen 

4.1 mg/l (August) and 29.0 mg/l (October), In 1980-81, the alka­

linity for the stations at Umiam and Umkhrah ranged from 16.0 mg/l 

(3uly) to 26.0 mg/l (March) and 4.1 mg/l (June) to 28.0 mg/l 

(April) respectively (Fig. 7B). During this period, the alkalinity 

values of Umshing stream (Fig. 98) ranged betiueen 28.0 mg/l (Nov­

ember) and 49.0 mg/l (January). 
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PHOSPHATE : 

The dissolved phosphate in Umiam and Umkhrah ranged during 

1979-80 from 0.32 mg/l in August to 0.9. mg/1 in May and 0.118 mg/l 

in April to 0.89 mg/l in May (Fig. IOA ) . During 1980-81, phosphate 

values of the above tiuo systems fluctuated from 0.22 mg/l (Febru­

ary) to,0.79 mg/l (May), and 0.234 mg/l (January) to 0.804 mg/l 

(April). Phosphate content of the Umahing stream during 1980-81 . 

varied from 0.26 mg/l in February to 0.87 mg/l in September (Fig. 

11c). 

NITRATE : 

During the period of 1979-80, Nitrate values in Umiam and 

Umkhrah luas recorded to fluctuate from 0.06 mg/l (August) to 0,68 

mg/l (April), and 0.02 mg/l (May and October) to 0.5 mg/l in Jan­

uary (Fig. 10B) respectively. Ih 1980-»81| the values jfanged from 

0*06 (February) to 0.62 mg/l (April) in Umiam and frbm O.dl (Jah-

uary) to 0.32 mg/l in December* In the Umahing stream, nitrate 

values u/ere found to \iaiy f?om 0.08 mg/l in February to 0i62 mg/l 

in June (Fig. 118) during 1980-81. 

SILICATE : 

The silicate content in 1979-80 in Umiam and Umkhrah was 

recorded to range from 0.2 (September) to 2.45 mg/l (August), and 

0.35 (December) to 1.88 mg/l (January) respectively. In 1980-81, 

the values for the above tu/o systems varied from 0.15 (August) to 

2.125 mg/l (February) and 0.14 (August) to 2.0 mg/l in February 

(Fig. lOC). The silicate values in Umshing stream fluctuated bet-

luean 4.26 (December) and 6.0 mg/l in July during 1980-81 (Fig.llA). 

file:///iaiy
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CALCIUn : 

During 1979-80, calcium values vuere found to vary from 4.775 

mg/l (Ouns) to 2.70 mg/l (3uly) and 1.3 (September) to 4.6 mg/l 

(May) respectivsly in Umiam and Umkhrah. The respective fluctuations 

for the above tmo systems during 1980-81 ujere from 2.80 mg/l (Dec­

ember) to 4.80 mg/l (September), and 2.1 mg/l (December) to 4.95 

mg/l in May (Fig. 12A ) . The maximum and minimum values of dissolved 

calcium during this period in Umshing stream was 2.0 mg/l in Dec­

ember and 4.8 mg/l in August respectively (Fig. 13A). 

MAGNESIUM : 

In 1979-80 the range of fluctuation of magnesium content in 

Umiam and Umkhrah ujas from 1.2 (August) to 2.15 mg/l (December), 

and 0.7 (February) to 1.6 mg/l (May and November) respectively. The 

respective range during 1980-81 in the tiuo luater systems was from 

1.24 (September) to 2.0 mg/l (November) and 0.5 mg/l (February and 

April) to 1.9 mg/l in May (Fig. 128). The values during this period 

in Umshing luas recorded to range from 1.42 in May to 3.3 mg/l in 

August (Fig. 138). 

CHLORIDE : 

Chloride valuer in Umiam and Umkhrah varied from 0.32 (Feb­

ruary) to 0.94 mg/l (Duly), and 0.28 (3anuary) to 0.68 mg/l (April) 

respectively during 1979-80. During the next tu/elve months, the 

chloride values of the respective streams have been found to fluc­

tuate from 0.21 (May) to 0.92 mg/l (3une.), and. 0,22 (February) to 

0.75 mg/l in September and December (Fig. 12C). The values during 

this period varied from 0.37 mg/l (February) to 0.90 mg/l (3une) 

in the Umshing stream (Fig, 13C). 
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TOTAL HARDNESS : 

The level of total hardness during 1979-80 in Umiam and 

Umkhrah have been found to fluctuate from 14.5 mg/1 (3uly) to 36.0 

mg/1 (February), and 8,4 mg/1 (September) to 22.0 mg/l (January) 

respectively. The respective values for the same stations luere re­

corded to vary in •|980-81 from 14.2 (October) to 38.0 mg/l (Jan­

uary), and 11.55 (August) to 24.4 mg/l in May (Fig. 14A ) . The level 

of total hardness in Umshing stream fluctuated between 18.4 (May) 

and 26.34 mg/l (February) during 1980-81 (Fig. 15C). 

CALCIUM HARDNESS : 

During 1979-80, the level of calcium hardness varied from 

10.D mg/l in July to 22.0 mg/l in October (Umiam), and 6.2 mg/l in 

September to 15.4 mg/l in May (Umkhrah), During 1980-81, the fluc­

tuations luere from 10.1 (May) to 21.0 mg/l (July) in Umiam and 8.1 

(September) to 15.3 mg/l (January and June) in Umkhrah (Fig. 14B). 

The values in Umshing stream during 1980-81 luare found to vary from 

14.36 (August) to 20.98 mg/l during March and April (Fig. 158). 

MAGNESIUM HARDNESS : 

In Umiam and Umshing the level of magnesium hardness during 

1979-80 varied from 3.5 (August) to 22.0 mg/l (January), and 1.67 

(July) to 11.0 mg/l (January) respectively. The respective ranges 

of values during 1980-81 luere from 2.2 (October) to 20.0 mg/l 

(January and February) and 1.0 (July) to 10.8 mg/l in October 

(Fig, 14C). During this period the fluctuations in magnesium hard­

ness level in the Umshing stream uias betijueen 3.59 mg/l in June and 

5.81 mg/l in February (Fig. 15A). 
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PERIPHYTON 

In all the three streama under study, true planktonic algae 

mere scarce and mostly all the algal flora recorded mere benthic 

or periphytic in nature. The density of such pariphytic algae has 

been observed to be generally more during March to May in all the 

systems studied. Apart from that periphytic algae displayed grea­

ter abundance in the Umiam river than in the Umkhrah stream. Such 

quantitative abundance was observed to be the least in the Umahing 

stream, A list of the periphytic and also the non-periphytic algae 

recorded from the three stations under study has been presented in 

Table-5. In all the streams Bacillariophyceae uuas found to be the 

most dominant group, both qualitatively and quantitatively. Alto­

gether a total of 31 genera have been recorded. 

UMIAM RIl/ER : The dominant diatoms recorded in this river luere 

Meridion, Cymbella, Pragillaria, Synedra, IMavicula, Gomphonemaf 

Diatoma, Eunatia and Mastogloia belonging to Bacillariophyceae, 

tyhich urare distributed particularly in the riffles. The riffles 

also showed the presence of Oedogonium and Spirogyra, Bacillarlo-

phyceae formed the most dominant group, being 14 out of 24 genera 

recorded in this system, 

UMKHRAH STREAM : The periphytic algal flora recorded in this stream 

u»as almost similar to that in Umiam river except for the absence of 

Pinnularia sp, and presence of Frustulia sp. In this system, the 

majority of the non-periphytic diatoms (Table-5) ujere found t« be 

present mostly in the riffles, where presence of Oedogonium and 

Spirogyra luere also recorded. Other members of Chlorophyceae, along 



TABLE-5 

THE ABUNDANCE OF ALGAL POPULATION IN THE 
AND UMSHING LOTIC 

UMIAM 

SYSTEMS 

UMKHRAH 

UMIAM, UMKHRAH 

UMSHING 

BACILLARIOPHYCEAE 

Surirella 
Meridion 
Cymballa 
Amphora 
Nitzschia 
Fragillaria 
Taballaria 
Synedra 
Navicula 
Pinnularla 
Baclllaria 
Gomphonema 
Diatoma 
Eunatia 
Klrchneirslla 
Mastogloia 
Fruatulia 
Hanzschia 

CHLOROPHYCEAE 

tm 

+++++ 
+++ 
++ 
++ 
+++ 
++ 
+++ 

+++++ 

++ 
++ 
+++ 
+++ 
+++ 
«* 

++++ 
<m 

mi 

^ 

+++++ 
+++ 
++ 
++ 
++ 
+++ 
++++ 

+++++ 
«• 

++ 
+++ 
+++ 
++ + 
+ + 

+ +++ 
+ 
-

++ 
+++ 
+ • 
++ 
+ + 
+ ++ 
+ +++ 

+ ++ 
+++++ 
+++ 
+ + 

+++++ 
+ ++ 

+ + 
+ + 
+++ 
«• 
+ 

Scenedesmus 
Tribonama 
Ulothrix 
Microapora 
Spirogyra 
Oadogonlum 
Coalastrum 
Cloaterium 
Eudorina 

MYXOPHYCEAE 

Anabaena 
Oscillatoria 

EUGLENOPHYCEAE 

Euglana 

CHRYSOPHYCEAE 

Synura 

+ 
++ 
+ 

+ + 

++ 
+ 

+ 
+++ 
+ 

+++ 
++ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+++ 
+ 

• -T" 

(-) Indicatea abaenca while (+) indicates presence. 
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ujith some Myxophyceae, Euglanophyceaa and Chrysophyceae ujere pre­

sent in the stagnant zonss. Out of the 28 algal gensra recorded 

from the stream, 15 belonged to Bacillariophyceae, 9 to Chlorophy-

ceae, 2 to Myxophyceae and one each to Euglenophyceae and Chryso­

phyceae. Among the various Bacillariophyceae recorded in the sys­

tem, Meridion, Cymbella, Tabellaria, Synedra, Mavicula, Gomphonama, 

Diatoma, Eunatia and Mastogloia and among Chlorophyceae, Ulothrix 

^"^ P̂̂ ^̂ ogŷ a mere the most common. 

UHSHING STREAM i Altogether 25 genera of algae were recorded in 

this system out of lihich 17 belonged to Bacillariophyceae, 5 to 

Chlorophyceae and one each to Myxophyceae, Euglenophyceae and 

Chrysophyceae. Among Bacillariophyceae, FrUstulia could not be 

recorded but Hanzschia sp. and Surirella sp. uiere present. The most 

abundant forms of Bacillariophyceae luere found to be Meridion, 

Fragillaria, Tabellaria, Synedra, Nav/icula, Pinnularia, Gomphonema, 

Diatoma sp. and Mastogloia sp. 

Among Chlorophyceae, only Spirogyra ujas found to be compara­

tively common. Myxophyceae, Euglenophyceae and Chrysophyceae tuere 

recorded to be represented by one genera each. 

The benthic samples also shou/ed the presence of some insect 

groups among which a»e Ephimeratea and Dipterans followed by cadd-

isfliaa (Trichoptera) and stone-flies (Plecoptera). A few genera 

of Hemiptera and Coleoptera were also encountered. Some genera of 

dragonfly nymphs (Odonata) were recorded near the water banks and 

slow moving parts of the water systems, whereas the faster moving 

portions showed the presence of Megalopterans. A few genera of 

Planerians (Order: Tricladida) and crustaceans have been recorded. 



D I S C U S S I O N 

It is an established fact that u/ater has a tiuo-fold effect 

on the life uilthln it, (a) through its physical properties, a 

medium for the locomotion of plants and animals, and (b) through 

its chemical properties, a bearer of nutrients producing organic 

from inorganic, a basis of primary production of the plant kingdom 

setting a sequence of chain reactions. 

The general climatic conditions of the present study area do 

shouj some uniqueness in being different in many respects from that 

obtained in the plains of India. Thus, the vegetational composition 

is quits different, dominated by the coniferous tree Pinua kesiya. 

In-spite of this dominance, it is felt that a major portion of the 

allochthonous input into the streams is through the litter-fall 

from the various shrubs like Eupatorium and Polygonum including 
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other shrubs, ferns and grasses. The streams are almost entirely 

devoid of submerged macrophytic aquatic vegetation u/hich needs 

explanation. It Is knovun that generally louj pH in these streams 

resulting in an acidic medium luith lovu buffering capacity, and the 

allelopathic effect of conifers and other plants together luith the 

lotic system of the nature could be the factors responsible for a 

virtual absence of macrophytes. It has also been seen that the 

algal diversity and abundance are fairly louj in the streams, ujhich 

is likely to be due to the lateritic soil and the lou/ substrate 

diversity, which consists mostly of round pebbles and on certain 

occasions larger boulders in the sampling sites, 

The seasonal rhythmicity of air and luater temperature shouied 

a co-linearity throughout the study period in all the stations. The 

air temperature was seen to be always higher than the water tempe­

rature (Figs. 5A & 6A) except in the cold months, particularly 3an-

uary, during the study period. The occurrence of this phenomenon 

might be due to the fact that water possess a unique property of 

having more specific heat than the air (Golterman, 1975). Water 

temperature showed a seasonal fluctuation as those of the air tem­

perature as has been reported by Zafar, 1955; Ganapati, I960; 

Munawar, 1970; Nasar and Munshi, 1971; and Nasar and Kaur, 1981. 

However, the difference in the range of temperature in the three 

study sites is very less. This uniformity could be due to the fact 

that the lotic systems continue to receive ground water seepages 

along their lengths which tend to keep the temperature imlform.aa 

has also been observed in such systems by Beck, 1965. 
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It is an established fact that specific conductivity as a 

factor is usually taken up as an indicator for assessing the tro­

phic status of aquatic ecosystems. As this is related to the salts 

in the luaters it is primarily a measure of resistance to electrical 

flouj. In the present study, conductivity did not ahouj any definite 

pattern of seasonaxity, although, a trend of winter maxima and 

summer minima are evident (Fig, 5B & 6C)« The above findings could 

be attributed to the changes in ionic composition of the precipit­

ation and the diluting effects of rain and flood luaters in tropical 

streams (Bishop, 1973)» The ujinter maxima in conductivity values 

can be explained by the fact that the uuater volume discharge, dec­

reases considerably uuhereas, the inflouu of nutrients by luay of 

leaching remain the same or increases• The luider range of fluctua­

tion of conductivity in Umkhrah (Fig, 5B) might be due to the in­

put of heavy allochthononjs aeu/age luastes through the run-off from 

the catchment areas resulting from human activities. 

Though the pH values ujere found to fluctuate widely (Figs. 

68 & 7A) , it remained generally in the acidic range. Apart from 

this, there uias a tendency of the pH values to reach a maxima 

during winter and a minima during summer. However, the pH values 

of Umkhrah did not follow any definite trend of fluctuation as 

reported in many tropical streams (Hynes, 1970; Bishop, 1973). The 

pH values showed a definite inverse relationship with free C0„ con­

centration in all the systems studied (Tables-2, 3 & 4). It is 

believed that pH is generally influenced to a greater degree by the 

presence of carbon-dioxide in the water and at low pH, most of thg 
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carbon-dioxide exist in free form (Welch, 1952). The changes in 

pH values and carbon-dioxide concentration reflects a mirror image 

of each other (Verduin, 1956j Beyera and Odum, 1959, 1960; and 

Lyman, 1961). It is luell knoujn that pH depends upon the amount of 

carbonates of calcium and magnesium and the carbon-dioxide tension 

in the vuater or in other u/ords, there exists a "buffer system". 

The latter, in its turn is influenced by the photosynthetic acti­

vities and the animal life present in the system (Ganapati, 1940), 

As during photosynthesis the carbonates of calcium and magnesium 

are precipitated from their respective bicarbcnates due toirapid 

carbon assimilation from the dissolved bicarbcnates and hence the 

mater becomes more alkaline (Welch, 1952) and this seems to be 

true in the present investigation. 

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

instance luhere the ujater is neither very acidic nor very alkaline, 

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

bicarbonate system, luhich seems to be true in the present study too. 

A similar case has also been reported by Nasar (1975). A close and 

direct relationship betiueen pH and carbonates has also been repor­

ted by Atkins (1926), Pearsall (1930), Hoiuland (I93l), Pringaheim 

(1946), Rao (1955), Zafar (1964) and Nasar (l979a). The acidic 

nature of u/ater in the present study may be attributed to the in-

floiu and runoff of surface u/ater that floius over the pine-litter 

and lateritic soil of recent origin both of. u/hich are acidic in 

their properties as reported by Thapa, 1981. 
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Dissolved oxygen contsnt shoiued an inverse relationship uiith 

temperature. Periods of high temperature coincided luith those of 

lovu levels of oxygen, following the lauj of solubility nf gases, 

luhereas around August contrastingly high temperature corresponded 

luith high oxygen values, urfiich did not depend upon the physical 

factor of solubility of gases. Therefore, it appears that the limi­

ting factor for dissolved oxygen around August was not the tempera­

ture. During the period, the photosynthetic activities of the peri-

phytic communities might have elevated the oxygen content of the 

water. This supports the fact that during photosynthesis, carbonic 

acid gets split up, whereby assimilation of carbon takes place luith 

the simultaneous liberation of oxygen into the surrounding waters 

(Welch, 1952J Ganapati, 1940; Nasar and Munshi, 1971)• According 

to Welch (1952) water has the capacity to hold more oxygen with the 

decrease in temperature. Ruttner (1953) has also stated that temp­

erature is one of the factors which effects the quantity of oxygen. 

In the present study also low temperature indicated higher oxygen 

level and vice-versa* 

The seasonal variations in dissolved oxygen content of runn­

ing and standing water have been investigated by various workers 

such as Fritsch (1907), Eddy (1934), Alikunhi (1957), Odum (1957), 

Chakraborty gt. ̂ i (1959), Swale (1964), Pahuwa and Mehrotra (1966), 

Uenkateswarlu and Jayanti (1968), Nasar and Munshi (1971), Nasar 

(1975) and Hannan Bt_ al. (l979). According to them the dissolved 

oxygen is generally found to be maximum during winter and minimum 

in summer as has been recorded in the present study. 
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The main source of free CO2 in the ayatsms studied seems to 

be due to the decomposition of organic matter and respiration of 

planks and animals, coupled mi^ physical sources of carbon-dioxide 

supply. Allegeier et al (1932) reported that the carbon-dioxide is 

the second largest decomposition product. The concentration of 

carbonates and bicsrbonate is generally influenced by carbon-diox­

ide. Three factors namely, carbon-dioxide, bicarbonates and carbo­

nates are knomn to be responsible for maintaining the "buffer 

system" in fresh luatera. Free carbon-dioxide (Figs. 88 & 9A) and 

alkalinity (Figs. 7B & 9B)-showed an inverse relationship in ujhich 

the former shouis a higher concentration in summer and the latter a 

lower concentration in that season and vice-versa in the winter 

months. Similar observations have also been reported by Atkins 

(1926), Pearsall (1930), Houiland (1931), Pringsheim (1946), Rao 

(1955), Zafar (1964), Munawar (1970) and Nasar (l977a). The fluc­

tuation in alkalinity values may be due to the photosynthetic act­

ivities, as - has also been reported by Husaainy (1967) and accor­

ding to him, this mainly depends on the "buffer systems". The 

general relationship betuieen pH, carbonate and bicarbonate alkali­

nity and free COg may be interpreted on the basis of dissociation 

of these into ionic state. As mentioned earlier, free carbon-dioxide 

in the water forms carbonic acid which dissociates into H and 

HCQ| ions, and brings a change in the pH of the water as hydrogen 

ions are set free (Ruttner, 1953). Hydrogen-ion reacts with Calcium 

to form soluble calcium bicarbonate. If at this stage, free carbon 

dioxide is not available, calcium bicarbonate gets converted into 

insoluble calcium carbonate. The amount of carbon-dioxide that 
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inhibits the conversion of bicarbonates into carbonates has been 

termed as "Equilibrium-Carbon Dioxide" by Ruttner (1953). Thus, it 

is evident that the concentration of carbon-dioxide in water con­

trols the pH, bicarbonate and carbonate concentration. The decline 

in total alkalinity values in the summer monsoon months is attri­

buted to the heavy rainfall mhich might have diluted the ionic 

content of the luatar (Hynaa, 1970; Bishop, 1973) as has also been 

found in the present study, 

The concentration of dissolved orthophosphate in all the 

three systems . luas found to be quite poor (Figs. IDA & 11C). Accor­

ding to Welch (1952) and Ruttner (1953), the water which is free 

from any effluent contamination has. lower levels of phosphate 

which support the present finding as the systems studied hardly 

gets any type of effluents directly. In the present study, the 

phosphate content (fig, 11C) of the Umshing stream showed an inve­

rse relationship with the dissolved oxygen level. This situation 

may be due to the fact that when there is lack of oxygen in water 

bodies, the iron in water is reduced from ferric to ferrous state 

releasing phosphate into water, as suggested by Cins^le (1936)« 

Therefore, during oxygen deficiency, phosphate gets released in 

water, specially from the sediments, thus the inverse relationship 

is evident (Tabl9-4). However, in the Umiam and Umkhrah systems, 

no such well defined inverse relationship could be observed and at 

times there occurred a tendency of direct relationship of phosphate 

with oxygen. This situation may have been primarily due to the '.„ 

human interferences by way of washing clothes -thereby adding some 

quantity of phosphate into the systems by using detergents. It may 
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be rscallBd that Umkhrah and Umiam lotic systama ara in nearer 

proximity tn the aettlefnent of Shillong township than ia tiroshing 

3trsam. Besides these, phosphate level is knou/n to be also depen­

dent on various factors like temperature, salinity and bacterial 

activities (Welch, 1952). The increase of phosphate levels in all 

these systems duririg the monsoon could be due to run-off from the 

catchment areas (Kaur, 1981 j and Nasar and Kaur, 1981) coupled u/ith 

the increased addition of alloohthonous materials and leachates 

into the systems, 

Nitrate levels (Figs. lOB & 11B) of the streams shoiued an 

inverse relationship luith their corresponding oxygen contents al­

most throughout the period of study. No definite relationship could 

be observed betiueen pH and nitrate in Umiam and Umshing, luhereas a 

direct correlation has been reported by Ganapati (l943) and Zafar 

(1964). The reduction in nitrate levels in all the system may be 

attributed to the photosynthetic activities of the algal community 

or due to oxidation of organic compounds as suggested by Blum 

(1956). According to Hannan and Young (1974), this decrease can be 

attributed to decreased run-off associated luith rainfall and incr­

eased autotrophic assimilation, and this run-off has been shoiun to 

be an important contribution of nitrate-nitrogen in rivers. 

Zafar (1964) suggested that ujhen the organic matter decompo­

ses in luater, complex protein molecules are converted into nitro­

genous organic matter and finally into nitrates by bacterial acti­

vity. Accordingly, mhen alluminoid-ammonia and nitrate go hand in 

hand and ahouj an inverse relationship to the dissolved organic 
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matter, It may Indloate that the main source of nitrogenous organio 

matter is the dissolV/ed organic matter luhich la undergoing decom­

position ujheraae on the other hand, if the alluminoid-ammonia 

fluctuates inversely uiith the nitrate, it may be assumed that the 

planktonic orqanisms are living at the expense of nitrates dissol­

ved in water and they themaelves are the main source of nitrogenous 

organic matter (Munaiuar, 1970)» Hoiuevar, in the present investiga­

tion, no definite conclusion oould be made regarding the main 

source of nitrate in these luatar bodies as allumlnoid-ammonia and 

dissolved organic matter oould not be estimated* HoiueVer* a major 

source could be, by precipitation as suggested by Volleniuelder 

(1968) and Schindler (19?1). 

Nitrate showed an inverse relationship with the temperature, 

which suggests that temperature has a profound affect on nitrate 

concentration, in view of the fact that the temperature accelerates 

the activi^.y of denitrifying bacteria In the presence of organic 

matter (Nasat, 1978) and the process of reduction Of nitrates may 

stop with the nitrite production, which is sometimes accompanied by 

hydroxylamine or It may proceed to the formation of molecular or 

perhaps to nitrogen or to ammonia (Hutchinson, 1967), which seem 

to be the reason of the nitrate depletion during the months of 

3une, Duly and August In the Umlam and Umkhrah systems. 

The silicate content (Fig. lOC) of the water was found to 

Vary inversely with free carbon-dioxide in Umlam and Umkhrah lotic 

systems during the present study. Possibly this is due to the fact 

that as Silicic acid is more wdakly dlasoplated than carbon-dioxide, 
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it is removed from its strongly hydrolyzed compounds - the silicates, 

in the presence of carbon-dioxide or bicarbonate and is then held 

in the uiater as free silicic acid in dissolved or colloidal Form 

(Ruttner, 1953), thus an inverse relationship has been observed 

betiueen the tu/o factors. In the Umshlng stream, the silicate con­

tent (Fig, 11 A) seemed to be governed mainly by temperature as the 

quantity cf silicate recorded increased uilth a rise in temperature. 

Similar results have also been recorded by Beklemishev (1961) and 

Tessenou; (1966). Atkins (l926) reported that the silica content in 

freshujaters is influenced not only by temperature, but also by eva­

poration of luater. In all the three systems, an inverse relation­

ship has been observed betu/een alkalinity and silicates. It is 

further evident from the records, that lou; levels of silicate in 

the water correspond - luith the peaks of diatom abundance during 

March to May, since diatoms take up silicates and the presence of 

large numbers of diatoms might have caused the exhaustion of sili­

cate to louj levels in these systems. 

It has been seen that the calcium and magnesium constitutes 

one of the major ions in these systems and of these, calcium con­

tent was found to be much higher than the former (Tables-2, 3 & 4). 

Though calcium is knoujn to be an essential nutrient (James, 1973) 

for the metabolism in higher plants, it is required usually as a 

micronutrient for algae. Magnesium, on the other hand is very 

important as it is an essential constituent of chlorophyll molecu­

les (James, 1973). The calcium level revealed a summer maxima and 

a uiinter minima (Figs. 12A & 13A). The calcium contents u/ere 

observed to be inversely related to the pH although this relation-
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ship ujas not clearly demarked in the Umiam and Umkhrah systems. The 

lower concentration of calcium can be attributed to its being taken 

up by the sediment (Hongve, 1978). This ion has earlier been shown 

to possess the greatest adsorbed concentrations in the sediments 

(Hongve, 1978). This uptake is known to take place as exchange with 

hydrogen-ion revealing an acidifying effect on the water body. The 

process depends upon the concentration of calcium ions and hydrogen 

ions both in the adsorbed and dissolved state with the probability 

of a reversal with increase in acidity (Hongve, 1978). Hence, the 

negative relationship of calcium with pH has been observ/ed in the 

present study. The further implication of calcium is, its involve­

ment in the calcium-bicarbonate system. This is also true in the 

case with magnesium. Apart from their importance in photosynthesis, 

the calcium and magnesium ions play a stellar role in antagonising 

the toxic effects of various ions and in neutralising excess acid 

produced in the system as also stated by Munawar (1970). 

Chloride concentrations were found to be extremely low 

(Tables-2, 3 & 4) as is expected in the water bodies far away from 

oceans (Bishop, 1973). The slightly higher values obtained in the 

Umiam and Umshing systems can be attributed to possible higher 

chloride salts contents of the parent rocks in the proximity of 

the systems. The Variations (Figs. 12C & 13C) in the levels of 

chloride concentration from season to season might be due to the 

changes in discharge volume and precipitation input by way of 

leachates (Bishop, 1973). In general, the chloride concentrations 

in all the three systems investigated have been found to be very 
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similar to those in the mater bodies of north and south Malaya 

(Bishop, 1973). 

It is knoujn that primarily tha ions of calcium and magnasium 

that account for total hardness. The calcium hardness was found to 

be comparativaly higher than magneaium hardness (Tables-2, 3 & 4) 

in all the three systems throughout the period of the study. Alth­

ough limestone abounds in this region, the louj levels of calcium 

and magnesium hardness (= total hardness) suggests that the u/ater 

of the systems cannot be called truly hard. The source of this 

minor hardness could be limestone beds that are known to contain 

calcium and magnesium mhich might be leaching out into the water 

(Hynes, 1970). The peak levels of calcium hardness ware generally 

found to be coincided with the peak levels of magnesium hardness 

(Figs. 14 & 15), which in turn coincided with the peak levels of 

total hardness in the respective water bodies. The decline in the 

level of total hardness during the rainy months (May, 3unB, Duly 

and August) might be due to the increase in water level and the 

subsequent dilution of the calcium and magnesium present in tha 

systems. Apart from being inversely related to pH, hardness, in 

particular calcium hardness, can contribute significantly to alka­

linity levels (Raid and Wood, 1976) thus helping the streams to 

have a greater algal-population, resulting better primary produc­

tion in the system which further supports the view of Horton,1961 

and Willoughby, 1977. 

In all the systems where larger boulders were found to be 

present, the periphyton was found to be moderately rich both in 
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tsrms of diversity and density, Hoiuever, in places uuith smaller 

stones and pebbles, periphytic groiuth ujas found to be less. This 

could have been due to the unstable substratum nfferad by these 

smaller stones and pebbles compounded ujith their being more sus­

ceptible to the scouring action by currents. Apart from the peri­

phytic forms, planktonic forms were to be harboured mainly where 

the 'uatar current luas aimost stagnant. The abundance of bentfiic 

algae in such luaters has also been noted by Hynes (1970). True 

planktonic forms like Fragillaria, Cosmarium, Closterium and 

Scenadesmus were also recorded in the system. 

When compared with other tropical and sub-tropical streams 

or rivers as mentioned by Hynes, 1970 and Bishop, 1973, the algal 

flora seems to be poor in diversity in the present study, although 

this needs further investigation on these lines. However, the pau­

city in diversity of pariphyton could be due to the effect of sub­

strate instability rather than inadequate light penetration because 

generally light is not considered as an important factor in such 

shallow water bodies as is the smothering or grinding effect of 

siltsand, the scouring action of water at high velocity and flash 

floods. However, on the other hand, brown mats of diatoms were 

found to develop on the stream substrates during spring. The pre­

sence of diatoms like Nitzschia in the systems, indicate possible 

nutrient enrichment of the systems as has also been pointed out by 

Bishop (1973), although the overall dominance of diatoms in the 

algal community is indicative of oligotrophy which agrees well with 

the findings of Patrick (1957), Bishop (1973) and Hynes (1970). 
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Filamentous Chlorophyceae viz., Oedogonlum and Spirogyra mere 

more common in Umiam, Umkhrah and Umahing systems compared to 

their occasional presence in the riv/er Sungal Gombak in Malaysia 

(Bishop, 1973). The greater abundance of Chlorophyceae in the 

Umkhrah streem uias probably due to its higher nutrient level 

as has also been recorded by Gupta (1980). 



CHAPTER III 



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

Knouiledge of the occurrsnce. of fish in India dates back to 

three millenium B.C. (Hora, 1956). According to Nath (1966), fish 

remains mith cut marks, indiofttlve to their use as food, hav/e 

been obtained from excavation at Mohenjodaro and Harappa of the 

Indus Valley civilization (2500-1500 B.C.). While Aristotle (384-

237 B.C.) is said to be the founder of Ichthyology, King Somesvara, 

the son of King Vikramaditya VI, who composed the book "Manasol-

tara" in 1127 A.D. mas the first to record the common sport fishea 

of India grouping them into marine and freshwater riverine forms 

(Hora, 1951a)» The first modern writer on Indian fishes, according 

to Day (1878) was Bloch, u^oae splendid work "Auslandiche Fische" 

was first published in 1785. Later, Lacepede's work "Historie des 

Poissons" (1798-1803). Ruasel (l803) described 200 species from 
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Vizakhapatnam. Then appeared Hamilton's pioneer u/ork "Fishes of 

Ganges" (1822) luhich contains a description of 269 species of fish 

from the Ganges and its tributaries. Cuvier and Valenciennes 

"Hiatorie Naturalle des Poissons", published in 1828-1948, provi­

ded mora impetus to the study of Ichthyology than any other luork 

till then. Other notable tuorks on the taxonomy of fishes are those 

of McClelland (1839), Bleaker (1B53), Blyth (i860) and Gunther 

(1859-1870). 

There is, hoiuever, no luork of greater importance on Indian 

fishes than the epoch making contributions of Day's "Fishes of 

India" (1878) and "Fauna of British India, Burma and Ceylon" 

(1889). In the present century, valuable contributions on fish 

systematica have been made by Mora (1944, 1951b, 1955), luhich are 

being continued by many zealous u/arkers, notably Shau/. and 

Shabbeare (1937), Misra (1959) and Menon (l951, 1964). 

Tropical fish communities are noted for its high diversity. 

The history and geography of the area dictate the basic stocks of 

fish utWich gain access ts it (Louie-McConnell, 1975). The fishes 

manage t« peraist in a particular geographical region which dep­

ends on the suitability of ecological conditions for all stage of 

life histtry. Since fishes are vary mobile creatures, they search 

out different habitats to suit the particular requirements of the 

eggs, the y»UT%g fish. Juveniles, or adults. Their social require­

ments two chtnge as many fishes live in shoals luhen young, but in 

pairs or sslitarily luhen adult* Thus, the composition of the fish 

comnrunities, the group of interacting population u/ithin a particu­

lar habitat may be changing continually (Loue-McConnall, 1975). 
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The results of interplay betu/een fish and environment is 

that in certain places communities are v/ery stable throughout the 

year and from year to year, vuhile in other places community mem­

bership changes radically all the time, often with seasonal regu­

larity. Some fish species are eurytopic, that is to say they can 

u/ithstand a great range of environmental conditions such as fluc­

tuating temperature or salinity, or they can exhibit vuide plasti­

city in feeding habits, u/hile other species are stenotopic, 

tolerating only a very narrouj range of conditions. 

According to Holt (1967), assessment of luorld production is 

needed in the next three decades and that inland waters^ uuhere 

control can be exercised of the factors governing production, mill 

bave to bear the brtint of this increasing demand. There is, thus 

an urgent need to understand the factors involved in fish produc­

tion. This luarning is more exemplified by the fact that the world 

catch of fish u/hich urajs increasing until recently, has notu started 

declining at an alarming rate, mainly due to the over-exploitation 

of the fishery resources and the insatiable demand created by the 

spiralling population groiuth. Moreover, today almost all the inland 

luater bodies are undergoing eutrophication, in other luords, a step 

prior to pollution. 

In Indici, uihere the intake of meat and milk is louu, fish is 

of paramount importance as a supplement to the ill-balanced diets. 

Today, protein deficiency leading to malnutrition is a urorld-uiide 

phenomenon, and perhaps 30-40^ of the luorld's population is afflic­

ted by protein deficiency. It is estimated that about 8.5 million 



75 

tans of fish is required annually to meet the current demand of 

fish protein in India against an annual production of only about 

1.7 million tons (Masar and Kaur, 1979). 

The extensive researches on freshiuater fishes in India gene­

rally centers around the biology only of those species which are 

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

communities. In this country, the major Indian carps, such as 

Catla catla, Labeo rohita and Cirrhina mrigala, and the exotic 

carps viz., Cyprinus carplo, Ctenopharyngodon idella and 

Hy>pttphtt>̂ ligittTbhyB molitrix are the main fishes that are cultured 

(Nasar and Kaur, 1979). Homever, as already indicated before, ' v 

the s:uppiy and demarad ratiO; place these fishes beyonc) the pur­

chasing capacity of the poor people mho are the ones that are 

actually more prone to malnutrition and protein deficiency. It is 

felt that in a developing country like India more than academic 

interest should be given to the cultural possibilities and manage­

ment of smaller fishes that vuill be within the economic reach of 

the people belonging to the lower income group. One such fish that 

is greatly relished as food by the local people of Meghalaya State 

belongs to the genua Garra u/hich has a ujide distribution through 

parts of China, Indo-China, the Middle-East Countries and the 

Continent of Africa. The member of the genus luhlch is abundantly 

found in the highlands of Meghalaya is £. lissorhynchus (hcClelland). 

According to Menon (1964) the first species of the genua 

Gayra was described by Hamilton (1822) in his classical work on 

the fishes of river Ganges* Menon (1964) further states that 
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originally the species ujas designated as Cyprinus lamta uihich was 

subsequently clianged to Garra lamta. Rupell (l837) described tiuo 

species from Abyssinia under two different generic names, 

Chondrostoma dembeensis and Gobio quadrimaculatus. In the years 

1838, 1839 and 1842, McClelland described a number of species 

from streams in the Eastern Himalayas under tiuo different generic 

names, Gonorhynchus and Platycara. Sykes erected another genus, 

Chondrostoma in 1841. Hackel (1843 and 1844), emphasizing the disc 

character, described specimens from Syria, Iraq and Iran under a 

nem genus Discognathus and in 1844 he further described 

D. fusiformes from Bombay and in 1846 recorded the occurrence of 

this genus in Abyssinia. 3erdon (1846) recorded Gonorhynchus 

gotyla, G. mcClellandi and G, stenorhynchus from southern India. 

In 1860, Blyth described a species from Burma under the name 

Platycara notata. Bleaker (1863) recognized Hamilton's Garra as a 

distinct genus and described G. ceylonensis from Ceylon (noiu Sri-

Lanka). In 1865, Day described G. malabarica from the Malabar 

Coast (India) and again in 1867, he described a nem species 

G. jerdoni and also recorded G» gotyla from the rivers of the 

Nilgiri Hills, From the same region, Day (1867) again described 

another neuj species G. alt a. IMikolsky (1897, 1899) recorded 

D. variabilis and D. lamta from Persia and its vicinity. Uaillant 

(1902) recorded and described a new species from Borneo and desi­

gnated it D. borneensis. Boulenger (1903) described D. makiensis 

from the Maki river in Abyssinia and in 1905 he described another 

neuj species 0. hindi from the IMyiro river in Kenya. Regan (1907) 

described a neiu species D. yunnanensis from South China and in 
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1914 yet another nevu species 0. phryne from Waziristan. Another 

neu species, D, ornatus from the Congo basin was described by 

Nichols and Griscom (1917). Prasad (l919) described D. kangrae 

from Punjab uihlle in 1918-1919, Annandale described D, grav/eli 

from Burma* Rao (1920) reoorded tvuo nem species, G. patycephala and 

G. bicornuta from flyaora. In 1921, Hora from a developmental study 

of the disc in these fishes, concluded that Disconathus should not 

be separated as a distinct genus from Garra* 

It is clear from the av/ailable literature that practically 

no ujork has so far bean attempted on the biology of this species* 

Hoiuever, Hora and Mukharji (1936), Hora (1937), Ftaser (1937), 

Rajan (1965), Agariual and Tyagi (1969) and Somv/anahi and Bapat 

(1979) have done some uiork on the feeding habits of the genua 

Garra* Some reports on some gendtical aspects have been reported 

in recent years by Shahoo and Nasar (1980), Majhi (1980), Khuda-

Bukhsh, Gupta and Gdsutaml (1980)» Khuda^-Bukhsh (1981). Recently, 

Bhagoujati and Ratha (1982) reported on the biochemical body comp­

osition of this genus from the North-Eastern part of the country; 

The notable contributions on aspects of systematics such as mor­

phometry, meristic characters, colouration, key to identification, 

size attainments and habitats of Garra have been made by Day 

(1878, 1889), Hora (1921, 1937), Menon (1964) and Das, Shahoo and 

Nasar (1982). Morphological variations in fish as a result of the 

adaptation to its nam envirorMnent have been cited by various auth­

ors (Schmidt, 1921} Uladykov, 1934? Tanning, 1944; Lindsay, 1954; 

Fage, 1958; Barlouj, 1961). Aeeording to Grant and Spain (1977), 

the concepts of size and shape are fundamental to the analysis of 

variation in living organisms. 
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According to Le Cren (1951) knovuladge of the length-uueight 

relationship of a fish is easontial since various important bio­

logical aapects viz., general luell being, appearance on first 

maturity, onset of spauining, fecundity in relation to length and 

lueight of fish etc. can also be assessed luith the help of condi­

tion factor of this relationship. An important derivations of 

groiL'th is luhat fish population analysts have termed "Condition 

factor" or "Ponderal index" or more popularly knou/n as the "K" 

factor. Apart from estimating the length-meight relationship of 

fish which makes it possible to convert length into u/eight and 

vice-versat another approach has bean to-determine the coefficient 

of condition (K-factor) tuith the objective of expressing the con­

dition of the fish in numerical terms i.e. degree of mell-being, 

relative robustness, plumpness or fatness. 

For proper fishery management, a thorough knowledge of matu­

ration cycle and depletion of gonads is of utmost importance as it 

is essential to understand and predict the annual changes that the 

population undergoes. From these studies, a vatisty of inference 

could be drawn, such as the rate of regeneration of stocks and 

determination of ecological factors luhich led to synchronization 

of breeding activity. Similarly, information on such related 

aspects as fecundity, size at first maturity etc., are also perti­

nent and all these aspects should be considered for successful 

aquaculture. The knowledge of the number of eggs produced by fis­

hes is of great value in pisciculture, as it would determine the 

amount of rearing facilities required and the extent to which 

various kinds of equipment will be needed. According to Corbin 
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(1948, 1952), the number of eggs produced by the fish must be 

knou/n, if survival is to ba estimated. The data pertaining to 

fecundity are also useful in determining the density dependant 

factor affecting population size (Simpson, 1951) and for separa­

ting different fish stocks from the same population (Parran, 1938). 

For several centuries the attention of laymen^ naturalists and 

fishery scientists have been draion to the number of eggs in the 

roes of female fish. Fish fecundity has been studied not only as 

one aspect of natural history, but also in association u/ith stu­

dies of population dynamics, racial characteristics, production 

and stock recruitment problems (Bagenal, 1978). 

The constant demand for adequate nourishment is a selective 

agent that may greatly influence an organism's existence. This 

influence can be so persaasive that many ecologists feel it as a 

primary factor declining an organism's niche (Schoener, 1974). 

Investigations of the feeding ecology of a species can produce 

insight into houj the organism has evolved ecologically to meet 

this pressure (Grossman at, §JL, 1980). Most studies of the food and 

feeding habits of fishes from varying habitat have shown that 

those of any one species differ in time and space and at different 

stages of groiuth (Hardy, ,1924; De-Silva, 1973), thereby emphasi­

zing the need to the study in more details, the food habits of a 

species. 

Therefore, in a virtual absence of scientific knouiledge on 

the above biological and ecological aspects of Ggrra with parti­

cular reference to the highlands of the North-Eastern Hill Region, 
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it has been felt desirable to conduct such studies. These studies 

luill not only fill up the gap of our present day academic knoui-

ledge taut also help in the proper management and judicious 

exploitation of the fishes. 

The present study pertains to the specimens of Garra 

lissorhynchua (McClelland), collected from three lotic systems in 

the vicinity of Shillong, the limnology of ujhich has been presen­

ted and discussed in the previous chapter. The results Tf the 

biology of the three populations have been compared to gather 

knouiledge on intra-specific variations in morphometric charactara, 

length-iueight relationships, food and feeding habits and reprodu­

ction. It has also been attempted in the present investigation to 

establish the relationship of the abiotic and biotic factors of 

their immediate environment on the biology of the species. 
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DIAGNOSTIC CHARACTERS OF THE GENUS GARRA Hamilton, 1822 

Ths nomenclatfira of the genus has had a turbulent history. 

McClelland (1838) termed this genus as Platycara. Heckel (l843), 

and Bleaker (1860) favoured to classify the species under 

DiacognathU3« Day (1869) preferred to place some of the speciaa 

under the genus Mayoa* Houieuer, Hora (1921) expressed his opinion 

in favour of Garra and subsequently taxonomlsts are using this 

term and hence, in the present study too. 

Menon (1964) outlined the diagnostic characters of the 

genus Garra as J-

"Cyprininae with elongated subcylindrical body. Mouth transverse, 

semi-circular and inferior; lips continuous covered uiith anterior 

and posterior labial folds. Jaws covered vuith horny sharp edge; a 

suctorial disc behind lou/er lip consisting of semi-cartilaginoua 

pad bordered anteriorly by a papillated posterior labial fold and 

posteriorly by a free papillated integument in all species; the 

edge of the anterior labial fold always fimbriated. Snout more or 

leas rounded or slightly conical, somewhat depressed and projec­

ting beyond the mouth; either smooth or with a proboscis; Barbies 

four, sometimes two or none. Margins of opercula widely separated 

except in those species considered most primitive (£. cariabiXls 

and £. rossicus) where they meet in the middle line behind the 

disc. Gill openings restricted to side. Pharyngeal teeth edentu­

lous in three close approximating rows; the inner 5 or 4, the mid­

dle 4 or 3, outer 3 or 2. Lateral line equally distant from back 

and belly and continued to base of center of caudal. Scales of 

moderate size. Dorsal fin 9 to 12 rays, originating in advance of 

pelvic. Anal fin short with 6 to 8 rays; pectoral 12 to 18; caudal 

with 18 to 20 rays. Gill raker short, few and widely set. Air 

bladder varies considerably in form and extent". 
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Phylum 

Sub-Phylum 

Series 

Class 

Sub-Class 

Super-order 

Order 

Family 

Sub-family 

Genus 

Species 

Uertebrata 

Craniata 

Pisces 

Osteichthyes 

Actinopterygii 

Osteriophysi 

Cyprinoidei 

Cyprinidae 

Cyprininae 

Garra Hamilton, 1822 

lissorhynchus (McClelland) 

KEY TO IDENTIFICATION (after Menon, 1964) 

D, 6-7; A. 6j Lateral line scales 32-35. 

L, tr» 3«5 to 4>5 . Pre-dorsal scales 11 to 14. 
3.0 to 3.5 * 
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SYNONYMS 

GARRA LISSORHYNCHUS (McClelland) 

1842 : Platycara liaaorhynchua McClelland, Calcutta 3our. Nat^ 

Hist., Calcutta, 2, p. 5B7, pi, 68, (Tyla-loc«,; "Kasyah 

Mountains", Assam)• 

1868 : Discognathus maorochir Gunther, Cat. Brit. Mus, Pish. 

London. 7, p. 70 (Type-loc.j Assam Type in B M ) , 

1869 : Mayoa modesta Day, Proc. Zool. Soc. Lond., London, p. 

553 (Type-loc; "Morthern India"). 

1871 : Mayoa modesta Day, 3. Asiat. Soc. Bang., (Calcutta. 40 

(2), p. 108, pi. 9, fig. 2. 

1889 : Discognathus modegtus Day, Faun. Brit. Ind. Fish., 

London, 1, p. 247. 

1921 : Garra lissorhynchus Hora, Rec. Indian Mus., Calcutta, 

22, p. 662, pi. 26, figs. 2, 2a. 

1935 : Garra lissorhynchus Hora and Mukherji, Rec. Indian Mus., 

Calcutta, 37, p, 390. 

1955 : Garra lissorhynchus Menon, Rec. Indian Mus., Calcutta, 

52, p. 22. 

1964 : Garra lissorhynchus Menon, Mem. Indian Mus., Calcutta, 

14, 4, p. 220, figs, d, a. 

DISTRIBUTION : India :- Brahmaputra system, Assam, Himalayas, 

Meghalaya, Nagaland. 



M A T E R I A L S A N D M E T H O D S 

COLLECTION SPOTS i 

The material for this study pertains to the samples of Garra 

liasorhynchus (Fig, 3) collected at monthly intervals during Sep­

tember, 1979 to August, 1981 from Umiam river and Umkhrah stream, 

and during September, 1980 to August, 1981 from Umshing stream, 

COLLECTION PROCEDURES : 

Collections of the specimen were made uiith the help of i" 

wire msah hand nets. The nets were placed against the u/ater curr­

ent and the atones immediately in front of the nets luere vigorously 

shaken to dislodge any Garra lissorhynohus that might be present 

under the stones. The fishes get dislodged from the stones and on 

being exposed to the luater current are smept into the net. 
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Immediately after collection, the total length and u/elght 

of each specimen vuaa recorded to the nearest millimeter and gramme 

respectively. The specimens ujeret immediately after necessary mea-

aurBmenta, fixed in 5% formalin in the field for further biologi­

cal studies* 

BIOLOGICAL PARAMETERS : 

The folloiuing biological parameters of the species collected 

from the three systems (Fig. l) have been taken into consideration: 

Ka) Morphometric measurements (b) Meristic characters (c) Length-

weight relationship (d) Condition factor (e) Maturity and ova 

diameter study (f) Fecundity and (g) Food and feeding habits. 

The study is baaed on the examination of 769 spseimens of 

Garra lissorhynchus collected during the period of study. The. 

specimen ranged from 27.0 mm to 120.0 mm in length and from 0.265 

gms to 18.50 gms in lyelght. Altogether 246 specimens were used 

for fecundity estimation and 523 guts u/are analyzed for food and 

feeding studies. 

The following methods were adopted for the biological stu­

dies as mentioned above. 

(a) MORPHOMETRIC MEASUREMENTS : 

Slide rules, and measuring boards having graduations in 

millimeters mere used for taking the various morphometric measur­

ements. 

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

snout to th® tip of the tail to the nearest millimeter. 
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Fork length : The distance from the tip of the anout to the point 

of bifuication of the caudal fin. 

Standard length i It has bean measured as the distance from the 

tip of the snout to the caudal base* 

Head length : Distance from the tip of the snout to the end of 

the opercular bone. 

Pre"dorsal length : Distance from the tip of the snout to the 

first dorsal fin ray. 

Eye diameter : Distance betiueen the anterior and the posterior 

margin of the eye in a straight line. 

Post-orbital length : Distance from the posterior margin of the 

orbit to the end of the opercular bone. 

Inter-orbital ujidth : From the upper margin of the right orbit tfl 

the upper margin of the left orbit as measured from dorsal surface. 

Head luidth : The greatest perpendicular distance from one opercu­

lum to the other. 

Head depth : Perpendicular distance from the end of the nape to-

the ventral side of the head. 

Body depth : Vertical distance betiueen the dorsal and ventral 

surface of the body at its greatest depth. 

Least height of body ; Shortest height of the caudal peduncle 

betvueen the end of the anal fin and the origin of caudal fin. 
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Length of Caudal pBdunole : Distance from the end of the anal fin 

to the base of the median caudal rays. 

Length of pectoral fin : Distance betiueen the anterior and poster­

ior end of the pectoral fin taken along the base of the fin. 

Length of dorsal fin : Distance between the anterior and posterior 

end of the dorsal fin taken along the base of the fin. 

Length of pelvic fin : Distance betu/een the anterior and posterior 

end of the pelvic fin taken along its base. 

Length of anal fin : Distance betmeen the anterior and posterior 

end of the fin taken along its base. 

Least diameter of disc : The greatest antero-posterial length of 

the disc. 

Greatest diameter of disc : The greatest straight line distance 

betujeen the rims of the disc. 

Girth : Circumference of the body at its deepest point. 

Bloroetric index i The number of times each character uient into the 

total, length of the fish luas taken as the Biometric Index (Tabor, 

1974). In addition, the number of times some characters luent into 

the head length has also bean noted. The characters taken mere 

Standard length (SL), Head length (HL), Fork -, length (FL), Pre-

dorsal length (PDL), Head depth (HD), Head width (HW), Least body 

height (LHB), Length of caudal peduncle (LCP), Body depth (BD), 

Length of dorsal fin (DF), Length of pectoral fin (PF), langht of 
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pelvic fin (UF), Length of anal fin (AF), Eye diameter (ED), Inter-

orbital ujidth (low). Post-orbital distance (POD), Least diameter 

of disc (LDD), Groateat diameter of disc (GDD), For each character 

a mean index for each 10 mm length group has been calculated to 

see whether it is constant or varying with the increase in the 

total length. 

(b) MERISTIC CHARACTERS : 

The folloming meristic counts vuere made according to the 

methods outlined by Lou/e McConnell (1971 ) :-

(a) Number of rays in the dorsal fin 

(b) Number of rays in the pectoral fin 

(c) Number of rays in the pelvic fin 

(d) Number of rays in the anal fin 

(e) Number of rays in the caudal fin 

(f) Number of barbels 

(g) Lateral line scale count represent the number of pared 

scales on the lateral line. 

(h) Lateral line transverse scales - scales above lateral 

line have been counted from the origin of the dorsal fin 

and counted down and backwards to the lateral line but 

does not include the lateral line scale at that point. 

Scales below the lateral line have been counted upward 

and forward from the origin of thd anal fin. 

All the above mentioned morphometric and meristic counts 

numbering to 27 parameters were recorded only from the left aide 

of the specimens./The specimens from each of the three systems 
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mere grouped into 10 mm length classes for morphometric studies. 

For the study -tf the morphometric characteristics, the regression 

method has been employed using the formula described by Le Cren, 

1951. 

Y = a + bx 

luhere: 'Y' is the standard lengthj 'a' is a constant value to be 

determined; 'b' is the regression coefficient; and 'X' is the 

Variable character such as total length, head length etc. The 

value of *a' and 'b' lyere determined by the follou/ing formula : 

^ XY - n X Y 
b = ---; « « Y - bx 

«• mm 

vuhere: n = total number of length groups; X =« mean of X and Y = 

mean of Y. 

All linear measurements mere made to the nearest 0.1 mm, 

then converted to a percentage of standard length. Specimens of 

all three systems mere also pooled together to get a combined 

picture of the various morphometric characteristics, 

(c) LENGTH-WEIGHT RELATIONSHIP : 

The length-meight relationship in fishes can usually alu/aya 

be adequately represented by the equation (Le Cren, 1951) and the 

same has been adopted in the present study. 

W = CL" 

mhere: "W" = meight of the fish; "L" = Total length of the fish; 

and "C" and "n" are constants. The equation was transformed into 

logarithimic form as :-

Log W = log C • n log L 

The values of "C" and "n" luere determined empirically. 
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The length-ujeight relationship during this investigation 

was studied taking into consideration, the intact vueight of the 

fish i.e. including gut and gonads. The observed average lueight 

of Garra lissorhynchus from the three systems were plotted against 

the average observed length to examine the nature of parabola. On 

converting the Vblues to logarithms, the exponential relationship 

has been expressed as the linear equation described above. The 

regression of log Weight on log Length has been calculated by the 

method of "least squares" by grouping the sample data into seven­

teen length groups (5 mm interval) for the specimens collected 

from Umiam river. The specimens collected from Umkhrah stream mere 

grouped into fifteen length groups ujhile those collected from 

Umshing into thirteen length groups. Specimens of Garra liasor-

hynchus of all the three systems ujere also pooled together to 

form sdventeTffn length groups. The relationship luas calculated for 

the different seasons also to see the seasonal impact. Tu/o sea­

sons viz. summer (April to September) and winter (October to 

March) have been taken into consideration as the other, seasons 

are not distinctly defined in this part of the country. 

The relationship has also been studied separately for 

adults and juveniles to find out the differences during their 

life stages. For this study, specimens ranging from 27.0 mm to 

56.68 mm have been regarded to be juveniles and all the spetjimena 

above 56.68 mm in length have been regarded as adults. 

(d) CONDITION FACTOR : 

Indii/idual variations from general length-tueight relation­

ship have been studied under the general name "Condition" 
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(Le Cien, 1951). Such changes in condition have usually been 

analysed by means of 'condition factor' or 'Ponderal Index', luhich 

various u/orkers have calculated by using different formulae. Hoiu-

ever, ih the present study, the same has been determined by using 

the folloiuing formula (Hile, 1936). 

K = W X 10^ 

L uihere K = condi­

tion factory L—Total length and W = lueight of the fish. The num­

ber 10 has been used to bring the Ponderal Index (K) to near 

unity as suggested by Carlander (1970). Fluctuation in condition 

factor mere examined for each 5 mm size group of the fishes as 

luell as for different months to derive the seasonal fluctuations 

for Garra lissorhynchus from the three systems. 

(e) MATURITY, SPAWNING AND Gl/A DIAMETER STUDY J 

MATURITY : After recording all the necessary morphometric and 

meristic details, the specimens luere dissected and their gonads 

mere carefully taken out from the visceral cavities. The aaturity 

stages of the fishes uere determined folloiuing the key as outlined 

by Nikolsky (1963) based on the appearance and size of the gonads: 

I. Immature: Young individuals u/hich have not yet engaged in 

reproduction! gonads of very small size. 

IIw Resting stage: Sexual products have not yet begun to dev­

elop; gonads of very small sizej eggs not distinguishable 

to the naked eye. 

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

rapid increase in uieight of the gonad is in progress, 

testes change from transparent to pale rose colour. 
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11'. Maturity: Sexual products ripe, gonads have achieved 

their maximum uueight but the sexual products are still 

not extruded luhen light; pressure is applied to the belly, 

\l• Reproduction: Sexual products are extruded in response to 

very light pressure on the belly, uieight of the gonads 

decrease rapidly from start of spawning to its completion. 

UI. Spent: The sexual products have been discharged, genital 

aperture inflamed, gonads have the appearance of deflated 

cases, the ovaries usually containing a. feuj left over 

eggs and the testis some residual sperm. 

SPAWMING : The spawning activity has been studied according to 

the classification described by Hickling and Rutenberg (1936), 

Walford (1932) and Qasim and Qayyum (1961). Accordingly the spaw­

ning activity in fishes can be of the follou/ing 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. 

II. Spawning takes place once a season but with longer dura­

tion. In species 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 intraovarian eggs. 

III. Spawning twice a year. In the ovaries of these fishes, in 

addition to the batch in ripe condition, another batch of 

eggs which has undergone the process of maturation. 
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II'. Spau/ning extending over a long period^ but intermittently, 

In this category, the different batches of eggs in the 

ovary are not sharply differentiated from one another 

thereby indicating that the passing of one batch of eggs 

into the next stage is a continuous process. 

GONADO-SOMATIC INDEX : Prior to the fixing of the gonads in for­

malin they uiere ujeighed and recorded to the nearest 0.1 gramme in 

a chemical balance. To.study the condition of the gonads, Nikolsky 

(1963) advocated the use of "Coefficient of Maturity", also knoiun 

as "Maturity Index" or "Gonado Somatic Index" (Gn.S.I.), uihich 

expresses the u/eight of the gonad as a percentage of total uieight 

and has been calculated according to the folloujing formula 

(Hodgkiss and Man, 1978); 

r^^^A^ o„„ 4.* T J w fr^ c r \ Gonad lueight X 100 
Gonado-Somatic Index iGn.5.I«;= T1 ̂  , •- _. ..'. .. /••••«• 

Total Body Weight (gms) 

Gonado-somatic indices mere determined separately for various 

length groups and also season u/ise for Garra lissorhynchus from 

the three different populations. 

Ol/A-DIAMETER STUDY : Measurements of ova diameter vuere taken from 

formalin fixed material. Preliminary examination of the ovaries 

revealed that there uias no marked differences in the mean ova 

diameter of eggs from the anterior, middle and posterior part of 

the paired ovary of the species. Consequently, random sub-samples 

tuere taken and subjected to ova diameter measurement u/ith the 

help of an ocular micrometer. The diameter of the ova, along 

u/hatever axes they lay, u/ere measured to ensure random nature, of 

the readings and unbiased values as suggested by Clark (1934). 
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(f) FECUNDITY : 

ABSOLUTE FECUMDITY ; Only ovaries from mature (ripe) apecimens 

just on the verge of breeding luere used for fecundity studlea# 

Both the ovaries from 246 preserved gravid females of Garrq 

llssorhynchus of known length and melght mere removed. Sub-

sampling by weight method (McGregor, 1922) has been employed and 

fecundity has been calculated from the counts of mature ova in 

tuio random sub-samples of the ovary of knoiun weight by using the 

following formula : 
W (N̂  + N,) 

where: F = Fecundityj W = Total weight of the ovary; W- and W^ 

and U, and N_ are the weights and ova counts respectively for 

each sub-sample* 

RELATiy/E FECUNDITY ; Apart from absolute fecundity, relative 

fecundity has also been calculated by the following formula 

(Hardisty, 1964); 

n , ., r- ... Egg Number 
Relative Fecundity = ggdy Weight 

The trends of relationship between (a) fecundity and total 

length; (b) fecundity and body weight; (c) fecundity and ovary 

weight; (d) total length and ovary weight; and (e) body weight 

and ovary weight were examined and a log transformationshas been 

worked out in the form given below (Bagenal, 1978): 

Log Y =s log a + b log x 
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(g) FOOD AND FEEDING HABITS : 

For the study of food and feeding habits, a total of 523 

guts luere analysed from, the specimens ranging in length from 27»0 

mm to 120.0 mm knd 1-n weight from 0,266'gms .to 18.499 gma. 

The extracted guts tjere individually measured to the near­

est millimeter and tueighed to the nearest gramme in the field 

itself prior to fixing the same in 5% formalin for subsequent 

analysis. Contents of each preserved gut luere teased out and 

then the emptied gut was iweighed. This u/eight luas substracted 

from the full gut weight to find out the weight of the gut con­

tent. The gut contents luere examined microscopically and the 

various food items present in the guts were counted and identi­

fied upto generic level* 

Various methodologiis have been used by different workers 

to enumerate the gut contents of fishes. In the present study, 

however, the following methods described by Ricker (I97l) have 

been adopted. 

NUMERICAL METHOD : The number of individuals of each food typer 

In each gut has been counted. These were summed to enumerate the 

total for each kind of food item in the whole sample, and then a 

grand total of all the items was made. The quotient of these 

gave the percentage representation of each type of food item in 

the gut. 

FREQUENCY OF OCCURRENCE : Gut contents were examined and the indi* 

vldual food items were counted and identified. The percentage of 
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occurrence of a particular food has been calculated uiith reference 

to tho sum of occurrence of all the items. The gut contents luere 

also analysed for elucidating seasonal variation in the diet 

oomponentrf The dat*;a»a»-8ldo analysed for various size groups in 

order to see if there is any basic change in the diets of the 

species luith the increase in length of the fish. 

GASTRO-SOMATIC INDEX : The feeding intensity has been calculated 

by the folloiuing formula (Bhatnagar and Karamohandani, 1970) :-

_ - _ Gut content weight .„_ 
G.S.I. « N . . ^ X 100 

Body weight 

The feeding intensity or G.S.I, mas correlated mith the condition 

factor. 

RELATIVE LENGTH OF GUT : The ratio betiueen the gut length and the 

total length (R.L.G.) has been estimated by employing the folloiu­

ing formula (Al-Huasainy, 1949) :-

R.L.G. , Gut length 
Body length 

The total lengths and gut lengths were measured to find out 

the relationship between the two variables. Relationship was also 

established between weight of the gut and body length. In both 

the cases, regression equations were determined to describe the 

relation between them* 



R E S U L T S 

MORPHOMETRY AND MERISTIC COUNTS 

The measurements of morphometric characters in percentage 

of standard length have been presented in TablBS-6 & 7 and summ­

arized belou)* 

FORK LENGTH : 

The mean values for fork length vuere found to be 6»26 In 

the specimens from the Umiam river, 6,20 in the Umkhrah stream 

and 5.17 in the Umahing stream population. Their respective aver­

age percentage of standard length values luere recorded to be 

108.12, 110.71 and 113.86. When all the three populations mere 

pooled together the mean value u/as found to be 6.41 and the 

average percentage u/as 109.01. 
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PRÊ DORSflL LENGTH t 

Tha mean values of the parameter ujere found to be 2.93, 

2.82 and 2.55 in the Umiam, Umkhrah and Umshing populations res­

pectively. The average percentages of standard length u/are found 

to be 50.61, 50.30 and 56.24 respectively. When the populations 

luera pooled together^ the mean value luas calculated to be 2.96 

and the average percentage of the standard length was 50,34. 

HEAD LENGTH : 

Mean values of head length for bmiam, Umkhrah and Umshing 

populat ions, uiere calculated to be 1.34, 1.24 and 1,03 r e s p e c t i ­

vely and t h e i r respect ive average percentage of standard length 

lyere found to be 23.12, 22.14 and 22.76 (Table-7) . The mean value 

of a l l the three populations pooled together luas 1.13, luhile the 

average percentage of standard length was 22.30. 

HEAD DEPTH : 

Mean values for head depth for the three populations of 

Umiam, Umkhrah and Umshing mere recorded to be 0.80, 0,78 and 

0.598 respectively and their respective average percentage of 

standard length urere 13.84, 13.85 and 13,18, The mean value of 

pooled data of all the three populations was 0.80 and the average 

percentage of standard length u/as 13.61 (Table-?). 

HEAD WIDTH : 

The respective mean values for head width of the Umiam, 

Umkhrah and Umshing populations were recorded to be 1.03, 0.997 

and 0.835. The average percentage of standard length values in 

the same sequence, were found to be 17.70, 17,80 and 18.39, The 
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three populations, whan pooled together shouied a mean value of 

1.04 and an average percentage of standard length of 17.70. 

EYE DIAMETER : 

Mean value of eye diameter for Umiam river population uiaa 

0.23, for Umkhrah stream population it uias 0.18, and 0.18 again 

for Umshing stream population. Their respective average percentage 

of standard length were calculated to be 3.98, 3,12 and 3.97. When 

pooled together, the mean value ujas found to be 0.21 and the 

average percentage of standard length mas 3.57. 

POST-ORBITAL DISTANCE : 

The mean values of this morphometric character vuere found 

to be 0.55 for Umiam, 0.503 for Umkhrah and 0.45 for Umshing pop­

ulations. Their respective average percentage of standard length 

values mere 9,45, 8.99 and 9.80, The three populations ujhen pooled 

together shoiued a mean value of 0.55 and an average percentage of 

standard length to be 9.34. 

INTER-QRBITAL WIDTH : 

The mean values for this character luere 0.69, 0.72 and 0,55 

and their respective average percentage of standard length mere 

found to be 11,92, 12,90 and 12.12 for the specimens from Umiam, 

Umkhrah and Umshing systems in the same sequence. The pooled data 

irrespective of population resulted in a mean value of 0,74 and 

an average percentage of standard length of 12.50, 

GREATEST DIAMETER OF DISC : 

The mean values for the greatest diameter of disc u/ere 

calculated to be 0,45, 0,447 and 0,37 respectively for the 
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apscimsna from Umiam, Umkhrah and Umahlng syatema. Their respec­

tive average of percentage values ujere found to be 1,16, 1,99 and 

8.22. The pooled mean value luaa 0.47, u/hile the average percentage 

of standard length luas 7.99. 

LEAST DIAMETER OF DISC : 

The mean value of the least diameter of the disc luas recor­

ded to be 0.31 for the populations from Umiam river, 0.295 for 

Umkhrah stream and 0.243 for Umshing stream. Their respective 

average percentage of standard length values luere found to be 

5.30, 5.26 and 5.35. When pooled together, the mean value of this 

character luas found to be 0.31 and the average percentage of the 

standard length ujaa recorded to be 5.27. 

BODY DEPTH : 

The mean values for Umiam, Umkhrah and Umshing system-̂  

populations for body depth luere 1-23, 1.124 and 0.93 respectively 

and their average percentage of standard length were 21.23, 20.07 

and 20.48 in that sequence. The pooled mean value of the three 

populations luas 1.22 and the average percentage of standard 

length luas found to be 20.7 . 

LEAST HEIGHT OF BODY : 

The mean values of this character in the specimens from 

Umiam river, Umkhrah and Umshing streams luere recorded to be 0.72, 

0.74 and 0.57 respectively^ and their corresponding average per­

centage of standard length luere 12.44, 1J.21 and 12.60. The mean 

pooled value for the three populations MJas 0.75 and the average 

percentage of standard length mas 12.67. 



LENGTH OF CAUDAL PEDUNCLE : 

The mean values of this tnorphometric character vuere 

ted to be 2»44, 2t14 and 1.92 for £. lisaorhynchua populations 

from Umiam, Umkhrah and Umshing systems respectively. Their corr­

esponding average percentage of standard length ujere recorded to 

be 42.06, 38.13 and 42.34. The mean value, when the three popula­

tions luere pooled together, recorded to be 2.35, and the average 

percentage of standard length loas found to be 40.02. 

LENGTH OF DORSAL PIN : 

The mean values of this parameter vuere deduced to be 0.61 

in the specimens from Umiam river, 0.56 for Umkhrah and 0.47 for 

Umshing stream. Their respective average percentage of standard 

length luere found to be 10.59, 10.03 and 10.37. The mean value of 

the pooled populations ujas found to be 0.60 and the average per­

centage of standard length ujas recorded to be 10.22. 

LENGTH OF PECTORAL FIN : 

The mean values of the length of pectoral fin in the speci­

mens from Umiam, Umkhrah and Umshing systems mere calculated to 

be 0.37, 0.35 and 0.29 respectively. Their corresponding average 

percentage of standard length values mere 6,37, 6.29 and 6w37* 

The mean value and the average percentage of standard length value: 

of the populations vuhen pooled together vuere recorded to be 0.35 

and 5.95 respectively. 

LENGTH OF PELUIC FIN : 

The mean values in this case u»re recorded to be 0.29, 0.24 

an.d 0.21 respectively for the Umiam, Umkhrah and Umshing 



TABLE-g 

MORPHOMETRIC ANALYSIS OF GARRA LISSORHYNCHUS (POOLED DATA) 

PARAMETERS 

Weight (gma) 

t o t a l l e n g t h 

S t a n d a r d l e n g t h 

Fork l e n g t h 

P r e d o r s a l l e n g t h 

Head l e n g t h 

Head dep th 

Head u j i d th 

Eye d i a m e t e r 

Post o r b i t a l d i s t a n c e 

I n t e r o r b i t a l u i i d t h 

G r e a t e s t d i a m e t e r o f d i s c 

Leas t d i a m e t e r o f d i s c 

Body dep th 

Leas t h e i g h t o f body 

Leng th o f c a u d a l pedunc le 

Leng th o f d o r s a l f i n 

Leng th o f p e c t o r a l f i n 

Leng th o f p e l v i c f i n 

Leng th o f a n a l f i n 

G i r t h 

AVERAGE 
MEAN % STAN-

7 .23 

7 ,00 

5.88 

6.41 

2 .96 

1.31 

0 .80 

1 .04 

0 .21 

0 . 5 5 

0 . 7 4 

0 .47 

0 ,31 

1.22 

0 . 7 5 

2 . 3 5 

0 ,60 

0 .35 

0 .27 

0 .32 

4 .08 

DARD 
LENGTH 

-

«• 

-

109 ,01 

50 .34 

22 .30 

13 .61 

17 .70 

3 .57 

9 .34 

12 .50 

7 .99 

5.27 

20 .70 

12 .67 

40 .02 

10 .22 

5 .95 

4 . 5 9 

5 .39 

69 .37 

RANGE 

0,'2a6 

2 . 7 

2 .23 

2 .42 

1.15 

0 .55 

0 .24 

0 .42 

0 .10 

0 .26 

0 ,33 

0 .16 

0 ,09 

0 .39 

0 .27 

0 .84 

0 .18 

0 .12 

0 .08 

0 .10 

1 .56 

-

-

-

• • 

«• 

-

mm 

-

-

-

-

-

-

-

-

-

-

• • 

-

-

«• 

18 .499 

12 .00 

10 .20 

10 .50 

4 .63 

2 .30 

1.39 

1.60 

0 .36 

0 .90 

1.30 

0 .78 

0 .52 

2 .00 

1.18 

3 .61 

1.15 

0 .60 

0.411 

0 .55 

6 .22 

AVERAGE 
% HEAD 
LENGTH 

-

-

mm 

-

-

-

6 1 . 0 7 

79 .39 

16 .03 

41 .05 

56 .49 

35 .88 

23 .66 

mm 

-

-

-

M i 

-

-

-
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TABLETS 

MERISTIC CHARACTERS IN THREE POPULATIONS OF G. LISS0RHYNCHU3 

PARAMETERS 

D o r s a l f i n r a y s 

P s c t o r a l f i n .<• jy 
rays 

P e l v i c f i n r a y s 

Anal f i n r a y s 

Caudal f i n r a y s 

Ba rb ies ( p a i r s ) 

L a t e r a l l i n e 
s c a l e s 

Sca les above 
l a t e r a l l i n e 

Sca les belou/ 
l a t e r a l l i n e 

UMIAM 

AVERAGE 

7 

-.12.96 

8 

5 .22 

1 8 . 9 4 

2 

34 .10 

3 .85 

4 . 8 7 

RIUER 

RANGE 

Cons tan t 

12 -14 

C o n s t a n t 

5-6 

18-20 

C o n s t a n t 

33 -35 

3 - 4 

4 - 5 

UMKHRAH 

AVERAGE 

7 

13 .43 

8 

6 

18 .97 

2 

3 4 . 2 2 

3 .92 

4 .81 

1 STREAM 

RANGE 

Cons tan t ' 

12 -14 

Cons tan t 

Cons tan t 

18-21 

Cons tan t 

3 2 - 3 6 

3 . 5 - 4 . 5 

4 - 5 

UMSHING 

AVERAGE 

7 

12 .82 

6 

5.53 

18 .58 

2 

34 .17 

3 .87 

4 .83 

STREAM 

RANGE 

Cons tan t 

11 -15 

C o n s t a n t 

5-6 

18-20 

Cons tan t 

33 -35 

3 - 4 

4 - 5 
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ĉ  
o 

X 

CO 
i r -
i n 
OS 
0 0 

rn 
l*N 
t ^ 
0 0 

r-

+ 
i n 
CM 

^-
v\ 
0 0 

v\ 
i n 
^» 
i n 
<r-

O 

1 

H 
>-

x: 
• p 

a. 
(D 

T J 

T J 
to 
CD 

X 

m 
> 

sz 
• p 

en 
c 
(D 

r H 

TD 
(4 
(D 

T l 
C 
(0 

• p 
t o 

OS 

^. 
t n 
(3S 
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populations. Their respective average percentage of standard 

length mere deduced to be 4.94, 4.36 and 4.59, The mean value of 

all the three populations ujhen pooled together luas recorded, to be 

0.27 and its average percentage of standard length luas 4.59. 

LENGTH OF ANAL FIN : 

In G. lissorhynchua population from the three systems of 

Umiam, Umkhrah and Umshing, the mean values of this parameter was 

calculated to be 0.32, 0.28 and 0.24 respectively. Their corres­

ponding average percentage of standard length uiare found to be 

5.54, 4.94 and 5.17. The mean value of the length of the anal fin 

of the three population mhen pooled together tuas 0.33 and its 

average percentage of standard length mas 5.39. 

GIRTH : 

The mean values of girth vuaa recorded to be 4.03 in casa 

of the population from Umiam river, 3.94 for the population from 

Umkhrah stream and 3.07 in the case of Umshing stream population. 

Their corresponding average percentage of standard length u>ere 

69.54, 70.42 and 67.78. The mean of the pooled population luaa 

recorded to be 4.08 and the average percentage was 69.37. 

MERISTIC COUNTS : 

The results of the various meristic counts obtained for 

Garra liasorhynchus from all the three systems are presented in 

Table-8. The dorsal fin rays luers found to be numbering to 7 in 

all the three populations. 

Pectoral fin rays ranged from 12-14 in individuals from 

Umiam river and Umkhrah stream, whereas, the range was from 11 to 
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15 in the Umshing stream specimens..The respective average number 

of rays u/ere 12.96, 13.43 and 12.82. Pelvic fin rays ujare recor­

ded to be constant in the individuals from the three systems. 

The range for anal fin rays mere found to be 5-6 in speci­

mens from Umiam river and Umshing stream, luhile their respective 

averages vuere 5.22 and 5.53. In the Hmkhrah stream population, 

the number of rays (6) of the anal fin u/ere found to be constant. 

Caudal fin rays luere recorded to range from 18-20 in the 

Umiam and Umshing systems, u/hile the average mas calculated to be 

18.94 and 18,58 respectively. In the case of the Umkhrah stream 

population it luas found to range betufeen 18 and 21, the average 

being 18,97. 

The number of barbies vuere found to be constant (2 pairs) 

in all the populations. 

The lateral line scales ranged from 33 to 35 in the Umiam 

and Umshing systems luhile it u/as 32-36 in the Umkhrah stream in­

dividuals. The respective averages luera found to be 34.10, 34.17 

and 34.22. The average lateral line transverse scales were found 

to be 3.85/4.87, 3.92/4.81 and 3.87/4.83 in the individuals from 

the Umiam, Umkhrah and Umshing systems respectively. 

INTRASPECIFIC DIFFERENCE : 

The various regression equations of the parameters studied 

have been presented in Tables-9, 10 & 11. Regression equations of 

the same parameters have also been calculated for all the popula­

tions pooled together and presented in Table-12 for comparision 

vuith each population. 



111 

The regressions of total length on standard length in the 

various populations are :-

^ " ?.'lVi^/^ " l-l 50649 X K^^ umiam population 
r = 0.9964 I 

^ "'^AllV^ * 1-^24303 X |p^^ ^^^^^^^ population 
r = 0.9954 I "̂  

r : o'.ltyt''^ * ^••'^*°°' •* {f"^ *=hlng population 

lZ°o:lt?o" * ' • ' ' " ' ' ' I ' " P°°l«^ population 

Similarly, differences have been observed to a greater or 

lesser extent in regression equations of standard length US fork 

length; predorsal length; head length; eye diameter; post-orbital 

distance; inter-orbital uiidth; body depth; head depth; head 

midth; least height of body; length of caudal peduncle; greatest 

diameter of disc; least diameter of disc; length of dorsal fin; 

length of. pectoral fin; length of pelvic fin; length of anal fin; 

and girth. The regression values obtained for all. these parame­

ters have been tabulated in Tables-9, 10, 11 & 12. 

BIOMETRIC INDEX : 

For each character, a mean biometric index for each length 

group has been calculated and presented in Tablea-t3, 14 & 15. 

Biometric indices for each character of the three populations 

pooled together loere also calculated and presented in Table-16 

and in Figs. 17, 18, 19 & 20. 

It is clear from the Tables-13, 14 & 15, that the grouith 

of the fork length and standard length in relation to the total 

length in G. lissorhynchus are isometric. The growth of the body 



TABLE-13 

MEAN BIOMETRIC INDICES IN VARIOUS SIZE GROUPS OF G. LISSORHYNCHUS 

RATIOS 

TL/SL 

TL /FL 

PL/PDL 

TL/HL 

TL/HD 

TL/HW 

TL/LCP 

TL/LHB 

TL/BD 

TL/ED 

TL/IOW 

TL/DF 

TL /PF 

TL/UF 

TL/AF 

HL/ED 

HL/IOW 

HL/POD 

HL/PF 

HL/LDD 

HL/GDD 

HW/LDD 

HW/GDD 

lOW/ED 

20-29 

1.27 

1.11 

2 .28 

4 .78 

6 .39 

6 .55 

3 .91 

10 .39 

6 .75 

26 ,34 

11 .13 

11 .74 

22 .50 

33 .75 

27 .00 

5.51 

2 .33 

2 . 2 4 

4 .71 

6.28 

3 .77 

4 .58 

2 .75 

2 .37 

30 -39 

1.48 

1.19 

2 .37 

5.61 

10 .28 

7 .55 

3 .33 

11 .21 

6 .49 

30 .83 

10 .88 

12 .23 

23 .13 

1 9 . 4 7 

2 8 . 4 6 

5 .50 

1 .94 

2 . 2 0 

4 .13 

4 . 4 0 

3 . 1 4 

3 .27 

2 .33 

2 .83 

FROM UMIAM R I V E R 

LENGTH 

40-49 

1.21 

1.05 

2 ,22 

5 .00 

9 .20 

6.67 

3 ,03 

10 .00 

6 .89 

2 8 . 7 5 

9 .02 

1 0 . 9 5 

1 8 . 4 0 

2 0 . 0 0 

27 .06 

5 .75 

1-.80 

2 .49 

3 .68 

4 .38 

3 .41 

3 .29 

2 . 5 6 

3 ,19 

50-59 

1.21 

1.06 

2 .29 

4 .95 

8 .75 

6 .36 

2 .75 

9 .37 

6 .00 

26 .70 

9 .54 

11 .61 

1 9 . 0 7 

24 .27 

22 .25 

5.40 

1.93 

2 .46 

3 , 8 6 

4 .50 

2 .84 

3 . 5 0 

2 .21 

2 .80 

GROUPS 

60-69 

1.19 

1 .14 

2 .46 

5 .36 

8 .64 

6.41 

2 . 7 5 

9 .53 

5.68 

28 .17 

1 0 . 2 9 

1 2 . 4 6 

1 9 . 0 6 

21 .60 

23 .14 

5 .26 

1 .92 

2 ,33 

3 . 5 6 

3 . 9 0 

2 .69 

3 . 2 6 

2 , 2 4 

2 ,74 

' (mm) 

70-79 

1.15 

1.07 

2 .34 

5.33 

9 .09 

6.63 

2 .71 

9 .56 

5.41 

30 .67 

10 .51 

12 .48 

1 6 . 3 5 

25 .38 

2 3 . 7 4 

5.75 

1.97 

2 .38 

3 .07 

3 .83 

2 .88 

3 .08 

2 .31 

2 .92 

80 -89 

1.21 

1.06 

2 .35 

5.41 

9 .09 

7 .14 

2 .74 

9.41 

5.48 

28 .57 

10 .13 

1 2 . 1 2 

17-,39 

23 .53 

21 .05 

5 .29 

2 ,17 

2 .51 

3 .22 

4 .23 

3 .15 

3 .20 

2 .38 

2 .47 

90-99 100-109 

1.23 

1 .15 

2 .44 

5 .16 

9 .12 

6 .59 

2 . 5 5 

9 .21 

5.38 

30 .78 

1 0 . 2 6 

10 .71 

1 8 . 2 4 

22 .91 

1 8 . 9 4 

5 .97 

1 .99 

2 . 5 5 

3 . 5 4 

3 ,98 

2 .77 

3 .12 

2 .17 

3 . 0 0 

1.23 

1.21 

2 .39 

5.50 

8 .54 

6 .54 

2 .70 

9.22 

5 .24 

35 .62 

10 .43 

11 .23 

17 .51 

24 .02 

19 ,49 

6.48 

1.90 

2 .44 

3 .19 

3 .92 

2 .54 

3 .29 

2 .14 

3 .41 

-

120-129 

1.18 

1.14 

2 .59 

5 .22 

8 .63 

8 .00 

3 .53 

11 .01 

6 .00 

33 ,33 

9 .23 

1 0 . 4 4 

24 .00 

34 .29 

21 .82 

6 .39 

1.77 

2 .56 

4>00 

5 .75 

3 .54 

3 . 7 5 

2 .31 

3 ,61 



TABLE-14 

MEAN BIOMETRIC INDICES IN VARIOUS SIZE GROUPS OF G. LISSQRHYNCHUS 

RATIOS 

TL/SL 

TL /FL 

TL/PDL 

TL/HL 

TL/HD 

TL/HW 

TL/LCP 

TL/LHB 

TL/BD 

TL/ED 

TL/IOW 

TL/DF 

TL/PF 

TL/UF 

TL/AF 

HL/ED 

HL/IOW 

HL/POD 

HL/PF 

HL/LDD 

HL/GDD 

HW/LDD 

HW/GDD 

IOW/ED 

20-29 

1.13 

1.04 

2 .37 

4 .82 

11 .02 

6.43 

2 .94 

10 .80 

6.21 

25 .71 

8-.44 

12 .27 

22 .50 

30.no 
27 .00 

6 .51 

2 .55 

2 .15 

4 . 6 7 

7 .00 

3 .11 

5 .25 

2 .33 

3 .10 

30 -39 

1.17 

1.03 

2 .33 

5 .00 

7 .78 

6 .86 

3 .54 

8 .33 

5-. 93 

35 .00 

8 . 9 7 

13 .46 

20 .59 

3 5 . 0 0 

3 5 . 0 0 

7 .00 

1.80 

2 .41 

4 . 1 2 

6 . 3 6 

4 . 6 7 

4 . 6 4 

3 . 4 0 

3 . 9 0 

FROM UMKHRAH STREAM 

40-49 

1.16 

1.13 

2 .37 

5 .06 

8 .49 

6 .52 

2 .81 

9 .20 

6 .00 

34 .14 

8 .33 

1 1 . 8 4 

20 .46 

3 2 . 1 4 

26 .47 

6 . 7 2 

1.65 

2 .41 

4 . 0 5 

4 .68 

3 .18 

3 .68 

2 .56 

4 . 1 2 

LENGTH 

50-59 

1.04 

1.04 

2 .23 

5.18 

8 .41 

6 .24 

2 .83 

8 .92 

5.27 

3 8 . 6 7 

9 .21 

12>89 

20 .71 

27 .62 

29 .00 

7 .47 

1.78 

2 .29 

4 . 0 0 

4 .48 

2 . 9 5 

3 . 7 2 

2 . 4 5 

4 . 2 0 

GROUPS 

60-69 

1.18 

1.03 

2 .24 

5.35 

8 .35 

6 .37 

2 .95 

9.31 

5 .75 

36 .11 

8v67 

11v89 

18*57 

23 .21 

22 .67 

6.58 

1.50 

2 .48 

3 .49 

4 . 1 6 

2 .73 

3 . 4 9 

2 .29 

4 .09 

(mm) 

70-79 

1.16 

1.00 

2 .25 

5 .14 

8 .18 

6 .49 

2 .87 

9 .15 

5 .54 

32 .73 

7 ,39 

11 .56 

15 .81 

24 .83 

21 .29 

6 .35 

1.42 

2 .45 

3 .11 

4 .13 

2 .63 

3 .32 

2 .12 

4 .49 

80 -89 

1.18 

1.05 

2 .31 

5.57 

8 .65 

6 .39 

3 .00 

9 .54 

5 .65 

37 .30 

9 . 1 4 

1 1 . 3 3 

1 8 . 0 4 

27 .21 

2 5 . 1 5 

6 .73 

1.83 

2 .61 

3 . 2 5 

4 .37 

2 .63 

3 .72 

2 .25 

3 . 6 6 

90-99 100-109 

1.17 

1.05 

2 .31 

4 . 9 6 

7 .74 

6 .64 

3 .18 

7 .52 

5.60 

40 .43 

9.30 

11 .73 

18 .93 

23 .46 

20 .72 

8 .17 

1,88 

2 .64 

3 .82 

3 .86 

2 .85 

2 .87 

2 .12 

4 . 3 6 

1.17 

1.04 

2 .26 

5.3 5 

8 .23 

6 .33 

3 .13 

8 .23 

5 ,71 

44 .57 

8 .72 

11 .64 

16 ,40 

26 .28 

20 ,50 

8 .33 

1.63 

2 .42 

3 . 0 6 

3 .36 

2 .27 

2-. 8 4 

1 .92 

5.11 

http://30.no


TABLE-15 

MEAN BIOMETRIC INDICES IN VARIOUS SIZE GROUPS OP G. LISSORHYNCHUS 

RATIOS 

TL/SL 

TL /FL 

TL/POL 

TL/HL 

TL/HD 

TL/HW 

TL/LCP 

TL/LHB 

TL/BD 

TL/ED 

TL/IDW 

TL/DF 

TL /PF 

TL/VF 

TL /AF 

HL/ED 

HL/IQW 

HL/POD 

HL/PF 

HL/LDD 

HL/GDD 

HW/LDD 

HW/GDD 

lOW/ED 

20-29 

1.25 

1.12 

2.38 

5.00 

9 .25 

6 .49 

2 .90 

1 0 . 5 5 

6 .89 

27 .00 

1 1 . 2 5 

1 2 . 0 5 

22 .50 

32 .14 

27 .00 

5 .40 

2 .25 

2 .13 

4 . 5 0 

6.43 

3 .65 

4 . 9 5 

2 .81 

2 .40 

30 -39 

1 .26 

1.05 

2 . 2 7 

4 .79 

9 .41 

6.73 

3 .26 

10 .21 

6 . 1 6 

28-.01 

9 ,35 

13 .22 

2 0 . 8 7 

27 .51 

26-. 30 

5 .92 

1 .95 

2 .37 

4 . 3 5 

4 . 9 6 

3 . 1 6 

3 . 5 3 

2 . 2 5 

2 . 9 9 

FROM UMSHING STREAM 

LENGTH GROUPS 

40-49 

1.13 

8 1 . 0 4 

2 .24 

4 .92 

9 .07 

6 .65 

2 .84 

9 .87 

6 .27 

28 .89 

9 .07 

11 .89 

19 .83 

24 .63 

25 .44 

5 .87 

1.85 

2 .48 

4 .03 

4 .53 

3 .03 

3 . 3 5 

2 .24 

3 .19 

50-59 

1.20 

1.05 

2 .28 

5 .59 

8 .74 

6,31 

2 .72 

9 .38 

5 .08 

2 5 . 3 9 

9 ,48 

1 1 . 6 2 

22 .00 

24 .27 

22 .41 

4 .51 

1.62 

2 . 0 9 

3 . 5 2 

3 . 8 4 

2 .58 

3 .43 

2 .31 

2 .68 

(mm) 

60-69 

1.19 

1.05 

2 . 0 5 

5 .29 

8 .88 

6.39 

2.78 

9 .49 

5.87 

28 .83 

9 .96 

11 .65 

17 .83 

23 .75 

22 .31 

5 .46 

1.88 

2 .59 

3 .37 

4 .57 

2 ,77 

3 .78 

2 .79 

2 .90 

70 -79 

1.23 

1 .06 

2 .19 

5 .20 

9 .08 

6 .67 

2 .72 

9 .53 

5.58 

3 1 . 5 6 

10 .10 

11 .87 

1 8 . 8 5 

25 .98 

23 .41 

6-. 07 

1.94 

2 .50 

3 . 6 2 

3 . 9 4 

2 .79 

3 .08 

2 .18 

3 .13 

80-89 

1.19 

1.04 

2 .12 

5 .64 

9 .42 

6.55 

2 .89 

9 .06 

6.08 

37 .67 

10.18 

10 .46 

17 .04 

28 .49 

21 .19 

6.68 

1.81 

2 .14 

3 .02 

3 ,76 

2 .39 

3 . 2 4 

2 .06 

3 .70 



TABLe-16 

MEAN BIOMFTRIC INDICES IN VARIOUS SIZE GROUPS OF G. LIS5QRHYNCHUS 
(POOLED DATA) 

RATIOS 
LENGTH GROUPS (mm) 

20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99 100-109 120-129 

TL/SL 

TL /FL 

TL/PDL 

TL/HL 

TL/HD 

TL/HW 

TL/LCP 

TL/LHB 

TL/BD 

TL/ED 

TL/IOW 

TL/DF 

TL/PF • 

TL /VF 

TL/AF 

HL/ED 

HL/IOW 

HL/POD 

HL/PF 

HL/LDD 

HL/GDD 

HW/LDD 

HW/GDD 

IOW/ED 

1.21 

1.12 

2 .35 

4 .91 

11 .25 

6.43 

3 .21 

10 .00 

6-. 92 

27 .00 

8 .18 

15 .00 

22 .50 

33 .75 

27 .00 

5.50 

1.67 

2 .12 

4 .58 

6 .11 

3 . 4 4 

4 . 6 7 

2 .63 

3 .30 

1.33 

1.10 

2 . 2 9 

5 .01 

9 .49 

7 .02 

3 .31 

10 .32 

6 .27 

2 9 . 2 5 

9 .75 

1 4 . 0 4 

2 1 . 9 4 

23 .40 

27 .00 

5 .83 

1.94 

2 .33 

4 .38 

5 .00 

3 .18 

3 . 5 7 

2 .27 

3 .00 

1.16 

1.09 

2 .34 

5 .03 

8 .81 

6 .54 

2 .92 

9 .75 

6 .27 

3 0 . 5 3 

8 . 6 4 

1 1 . 4 5 

19 .91 

21 .81 

2 5 . 4 4 

6 ,07 

1.72 

2 . 2 9 

3 .96 

4 . 5 5 

3 .25 

3 . 5 0 

2 .50 

3 .53 

1.20 

1.05 

2 .40 

5 .26 

8 .74 

6 .30 

2 .74 

9 .35 

5.48 

27 .10 

9.51 

11 .78 

19 .36 

2 4 . 6 4 

22 .58 

5 .15 

1.81 

2 .42 

3 .68 

4 , 1 2 

2 .71 

3 . 4 4 

2 .26 

2 .85 

1.19 

1.09 

2 .35 

5 .33 

8 .60 

6 .26 

2 .80 

9 .49 

5 .76 

29 .32 

9 .77 

12 .17 

18 .43 

2 2 . 2 4 

2 2 . 2 4 

5 .50 

1.83 

2 . 4 2 

3 . 4 6 

4 . 1 7 

2 .75 

3 . 5 5 

2 .34 

3 .00 

1.17 

1.06 

2 .29 

5 .26 

8 . 9 6 

6 .60 

2 .72 

9.43 

5 .50 

3 1 . 5 7 

9.81 

12 .10 

16 .88 

25 .04 

23 .42 

6 .00 

1-.87 

2 .42 

3 .21 

3 . 9 4 

2 .82 

3 . 1 4 

2 .24 

3 .22 

1.19 

1.05 

2 .13 

5.61 

9.08 

6.58 

2 .92 

9 .29 

5.81 

3 6 . 3 5 

10 .32 

11 .00 

17 .42 

26 .97 

22 .60 

6.48 

1.84 

2 .37 

3 .10 

4 .03 

2 .57 

3 .43 

2 .19 

3 .52 

1.19 

1.08 

2 .36 

5 .76 

8 . 1 9 

6 .64 

2 .93 

8 . 0 5 

5 .52 

3 6 . 5 4 

9 .59 

11 .73 

18 .63 

24 .36 

1 9 . 7 9 

6 .35 

1.67 

2 .26 

3 . 2 4 

3 .37 

2 . 4 6 

2 . 9 2 

2 .13 

3 .81 

1.20 

1.13 

2 .45 

5 .45 

8 .44 

6.44 

2 .85 

8 ,80 

5 .42 

3 8 . 1 5 

9.72 

10 .62 

17 .17 

25 .12 

19 .81 

7 .00 

1.78 

2 .42 

3 .15 

3 .64 

2 .42 

3 .08 

2 .05 

3 .93 

1.18 

1.14 

2 .59 

5.22 

8 .63 

8 .00 

3 .53 

11 .01 

6 .00 

: 3 3 . 3 3 

9 .23 

10 .44 

24 .00 

3 4 . 2 9 

21 .82 

6 .39 

1.77 

2 .56 

4 . 0 0 

5 .75 

3 . 5 4 

3 . 7 5 

2 .31 

3 .61 
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depth, dorsal fin and inter-orbital ujidth illustrates positive 

allometry in relation to the grovuth of the total length. The 

pre-dorsal length growth, in relation to total length, shouis a 

someujhat positive allometry in the specimens from Umkhrah and 

Umshing streams, u/hereas in the Umiam river population it shoiua 

a negative allomotry. The grou/th of the length of caudal peduncle 

in relation to the total length, depicts positive allometry in 

£. lissorhynchus from Umlam river, isometric growth in the 

Umshing stream population, and a slight negative allometry in 

Umkhrah stream population. 

The growth of eye-diameter and head length in relation to 

the total length show a negative allometry (Figs. 17, 18 & 19)» 

The ratios betu/een Total length and Head length (TL/HL), 

Total length and Head width (TL/HW), Total length and Least height 

of body (TL/LH8), Total length and pectoral fin (TL/PF), Total 

length and gelvic fin (TL/UF), Total length and final fin (TL/AF), 

Head length and Eye-diameter (HL/ED), Head length and Inter-

orbital width (HL/IOW), Head length and Post-orbital distance 

(HL/POD), Head length and Pectoral fin (HL/PF), Head length and 

Least diameter of disc (HL/LOD), Head length and Greatest diame­

ter of disc (HL/GDD), Head width and Least diameter of disc 

(HW/LDD), Head width and Greatest diameter of disc (HW/GDD) and 

between Inter-orbital width and Eye-diameter were also examined 

and presented in Tables-13, 14, 15 & 16. 

LENGTH-WEIGHT RELATIONSHIP 

The entire data of length-weight relationship for Garra 
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l iaaorhynchus i r r e a p a c t i v e of popu la t ions ujsre converted i n t o 

regress ion equat ions luhich luere c a l c u l a t e d t o be : -

Log W = -6.090929 + 3.312083 l og TL | n „ „ i „ H 
r = 0.9973019 | Hooiaa 

Log W = -6.689438 + 2-825486 l og TL | „ „ , „ ^ 
r « 0.9764155 I ' laxea 

Log W = -5.888831 + 3.078111 log TL j r ^ ^ ^ i ^ g 
r « 0.9977205 j|r-emaxes 

Log W « -6.068277 + 3.130240 l og TL I 3u„_r . i iga 
r = 0.9914782 | Juueni iea 

Log W « -6.687311 + 3.243042 l og TL | f lH . . i fo 
r = 0.9809007 | H o u i t s 

A h igh c o r r e l a t i o n between leng th and weight i s I n d i c a t e d by the 

c o r r e l a t i o n c o e f f i c i e n t . The der ived pa rabo l i c equat ions are : -

W « 0.000000796 L^'^^2'' pooled) 

W = 0.0000002044 L^*^^^^ (Males) 

W = 0.000001307 L̂ '0'78'' (Females) 

W a 0,0000008545 l^'^^^'^ (Juveniles) 
W = 0.0000002054 L^*^^^° (Adulta) 

The 'b* values of 3.3121 (pooled populations), 2.8255 (Males), 

3.0781 (Females), 3.1302 (Juveniles) and 3.2430 (Adults) indicate 

that the speoiea closely folloui the cubic law. 

On plotting the observed average weight of the species from 

the three populations pooled together as well ad separately, 

against their respective observed length, parabolic curves have 

been obtained (Figs. 21 to 24). Logarithmic growth prepared with 

the above data showed straight line relationahipe (Figs* 21 to 24). 
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LENGTH-WEIGHT RELATIONSHIP DURING DIFFERENT SEASONS 

The length-iueight relationship has been calculated during 

the different seasons separately to see the seasonal impact on the 

relationship* Summer and u/inter are the seasons taken into consi­

deration as other seasons ujere not clearly demarcated and normally 

mearge into these in this part of the country. The various regres­

sion aquations have been presented in Table-19. It is evident from 

the results that the values of regression coefficient tend to be 

higher during the summer season, in the species from all the three 

luater bodies i.e. Umiam, Umkhrah and Umshing. 

LENGTH-WEIGHT RELATIONSHIP IN 3UI/ENILES : 

The length-iueight relationship in juveniles (Table-18) is 

based on the specimens ranging from 27.0 mm to 56.68 mm in total 

length. The regression equations luere estimated to be s-

Log W = -6.137774 + 3.217828 log TL j (Umiam Indi-
r » 0.9979135 ! viduals) 

Log W « -6.091747 + 3.100557 log TL |(Umkhrah in-
r = 0.9941766 I dividuals) . 

Log W a -6.114266 + 3.302964 log TL HUmahlng in-
r « 0.9921701 I dividuals) 

The parabolic equations were determined to be :-

W = 0.0000007281 i^*^^'^^ (Umiam specimens) 
W = 0.0000008097 1^'^^°^ (Umkhrah specimens) 

W = 0.0000007686 L'''̂ ^̂ ^ (Umshing specimens) 

LENGTH-WEIGHT RELATIONSHIP IN ADULTS : 

The length-uieight re la t ionsh ips in adul ts are based on the 

specimens above 56.68 mm in t o t a l length . The regression and para­

bo l ic equations derived are : -
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Log W = -6.1D215B + 3.264029 log TL 
« nnŷ n̂ .. ! (Umiam 

r = 0.9962062 } population.) 
W » 0 .0000007903^- ' *^^*" 

Log W » -6.147789 + 3.254224 l o g TL 
n oocTCTX£ I (Umkhrah 

r - 0.9853336 p o p u l a t i o n . ) 
W = 0.0000001035^^*'^^^^ 

Log W « -6.156632 + 3.351170 log TL 

h • 0.9532462 

W « 0,0000006972̂ •̂•'̂ ''̂  

(Umahing 
population T) 

A high oorrelation betujeen total length and body weight is 

indicated by the correlation coefficient. The "b" valuea luere 

found to be higher than three (Table-18) mhich ahouis that the 

individuala are heavier in relation to its length. 

INTRASPECIFIC LENGTH-WEIGHT RELATIONSHIP : 

For intraapocific oompariaona of the length-\ueight relation­

ship, £. lisaorhynchua populations from three systems viz., Umiam, 

Umkhrah and Umshing have bean taken into consideration. The reg­

ression equations, coefficient correlation and exponential indices 

have been tabulated in Tabl6-17. The results obtained indicates 

that the Umkhrah stream specimens (b»3.125l) are heavier than the 

Umiam river specimens (b=3.0557) and the Umshing stream indivi­

duals (b»2.9974). 

LENGTH FREQUENCY DISTRIBUTION ! 

To evaluate and analyse the length frequency distribution, 

a histogram (Fig. 16) haa been prepared by converting the frequen­

cies into percentages and plotting the aame against the respective 

length groups. The frequency polygon indicates the presence of 
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three distinct modes in Various length groups. The first mode for 

the Umiam river population, is at 30-34 mm length group, the 

second between 45-54 mm length groups and the third betiuean 65-74 

mm length groups. In the Umkhrah population, the first mode is at 

the 45-49 mm length group, the second between 55-65 mm length 

group and the third at the 80-84 mm length group, luhereas in 

Umshing population, the first mode is at 30-34 mm length group, 

the second is at 70-74 mm length group and the third is at 85-89 

mm length group. 

CONDITION FACTOR 

MONTHLY FLUCTUATIONS IN CONDITION FACTOR : 

MonthvuisB averages of ponderal index has been calculated to 

elucidate the seasonal fluctuations in condition factor. The 

results have been tabulated in Table-20. The "K" factors registe­

red a sharp decline from October to November in the Umkhrah and 

Umshing stream populations of ̂ . lissorhynchus, whereas a decline 

in the "K" factor in the case of Umiam river populations was more 

prolonged with a gradual decline upto February after which the 

ponderal index rose again to its peak in May only to drop down 

again to its minimum in the month of August (Fig, 258)*' Similarly, 

after the Initial decline in "K" value of Umkhrah and Umshing pop­

ulations, this reached to their peaks in August and May respecti­

vely. This was again followed by a similar decline in August as 

was found with the Umkhrah river populations. In the Umiam river 

and Umkhrah stream populations, the "K" values dropped slightly 

in the month of April, whereas there was a slight rise In the 

same month in the case of Umshing river populations. 



TABLE-20 

SEASONAL FLUCTUATIONS IN THE CONDITION FACTOR OF G. LISSORHYNCHUS 

MONTHS 

September 

October 

November 

December 

3anuary 

February 

March 

A p r i l 

May 

3une 

3 u l y 

August 

UMIAM 

1.5376 

1.8994 

1.5265 

1.4817 

1.4761 

1.2995 

1.5043 

1.3907 

1.4975 

1.4340 

1.3552 

0 .9699 

UMKHRAH 

1.3689 

1.7456 

1.3372 

1.6692 

1.6702 

1.6282 

1.6889 

1.4976 

1.7311 

1.6473 

1.5844 

1.4973 

UMSHING 

1.6258 

1.9034 

1.2505 

1.5018 

1.5723 

1.4577 

1.7320 

1.8381 

1.4664 

1.4916 

1.6862 

1.3614 



TABLE-21 

FLUCTUATIONS IN THE CONDITION FACTOR IN DIFFERENT LENGTH GROUPS 
OF G. LISSORHYNCHUS 

LENGTH GROUPS (mm) UMIAM UMKHRAH UMSHING 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

65-69 

70-74 

75-79 

80-84 

85-89 

90-94 

95-99 

100-104 

105-109 

110-114 

115-119 

120-124 

1 

1.3657 

1.4871 

1.3456 

1.4923 

1.4185 

1.3838 

1.5865 

1.6075 

1.4521 

1.5097 

1.5227 

1.4707 

1.7256 

«• 

1.5329 

1.5588 

1.5354 

-

1.0121 

1.0706 

1.3380 

1.4048 

1.3994 

1.5352 

1.5701 

-

1.5513 

1.6092 

1.5027 

1.4492 

-

1.2796 

1.6415 

1.4729 

1.5703 

1.6020 

1.7388 

-

-

-

1.3489 

1.7145 

1.5213 

1.4080 

1.3173 

1.3649 

1.6231 

1.4684 

1.4048 

1.3951 

1.2080 

1.3133 

1.4310 

-

-

«• 

-

«» 

-

-
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FLUCTUATIONS OF CONDITION FACTOR IN DIFFERENT LENGTH GROUPS : 

In the present investigation, it has been observed that the 

juveniles from Umiam and Umshing populations have a better condi­

tion than their counterpart Prom Umkhrah stream. It is also clear 

from Table-21 that uiith the increase in length of the fish, the 

condition factor exhibited a decline luhich luas more pronounced in 

the Umiam and Umshing populations. Thereafter, the condition of 

the species in the three populations reached a peak at 55-59/60-64 

length groups. With further increase in the length of the fish, 

their "K" values gradually declined till they reached 75-84 mm in 

length, after luhich there was a sharp rise in their condition 

factor at a length of 85-89 mm. The Umiam river and Umkhrah stream 

population shoiued a decline in their condition factor whereas the 

ponderal index steadily increased till they, attained a length of 

105-109 mm in the Umkhrah stream population. In river Umiam, spec-. 

imens exhibited a sharp drop at 115-119 mm length group (Table-21). 

MATURITY AND SPAWNING 

MATURITY STAGES:: 

The various maturity stages observed in the present study 

have been summarized in Tabl9-22. 

MATURATION CYCLE : 

Ovarian condition progressed from Stage-I (Immature) in 

February to Stago-IV (Maturity) in 3une-3uly, and thereafter they 

reached to Stage-U (Reproduction) in August-September. Subsequen­

tly, the final Stage-VI (Spent) was recorded in October. The ova 

of Stage-VI from the individuals collected in October luere found 
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to be shrunken, irregular in shape and dark in colour, reflecting 

the post-spaujning season. 

Ol/A-'DIAMETER STUDY :_ 

The various stages in the ovarian development of mature 

Garra lissorhynchus have been presented in Table-22. The ova-

diamatar study revealed six stages of maturity mhich is in agree­

ment ujith those delineated macroscopically follouiing the classi­

fication of Mikolsky (1963). The ovaries of the species from all 

the three systems uiere found to contain only one batch of maturing 

ova clearly demarcated from the immature stock. The size of the 

mature ova in Stage-IW ranged from 1.0395 mm to 1.2375 mm. Tho 

spent ovary contained small, shrunken ova in different stages of 

degeneration having a maximum diameter of 0.8853 mm. 

GONADQ-SOMATIC INDEX I 

Seasonal changes in the coefficient of maturity (Gn.S.Ii-) 

of Garra lissorhynchus collected from different population have 

been cshovun in Fig. 26. 

Individuals from the Umiam river attained a peak in their 

Gn.S.I. values during 3une luhile the Umkhrah stream population 

attained in Duly. A gradual increase in Gn.S.I, value luas observed 

in the case of Umshing population reaching its peak in the month 

of August. Houiever, it tnas *een that the Gn.S.I. mas appreciably 

high in general during September, luhereafter the values started 

declining. The higher values on an average basis u/ere observed 

during May to September in all the populations juhich indicates 

that the period of gonadal development and spanning takes place 
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during thesa months (Tabla-22). The Gn.S.I, values when plotted 

against different length groups (Fig, 27) indicates that there is 

a definite tendency for Gn.S.I, to increase vuith the increase in 

total length. In each case, the Gn.S.I, vuas observed to obey a 

definite trend in their oscillation (Fig. 27). 

SPAWNING SEASON : 

As already mentioned, spawning activity in fishes can be 

classified into four types. Observations based on the data on 

maturity studies indicate that the fish belong to the type-I of 

the categories as per classification stated in material and methods. 

The data on maturation cycle provides a good indication of 

the extent of the development of ovaries with respect to the time 

of the year. Ovary condition progressed from immature (Stage-I) 

in November to maturity (Stage-IU) in 3unB-3uly and reproduction 

(Stage-V^ in August-September. The results of Gn.S.I. values and 

the increase in ova-diameter during the months of August and Sep­

tember supports the observations that spawning occurs during this 

period. 

SIZE AT FIRST MATURITY ! 

It has been observed (Fig, 28A) that in the Umiam population, 

all the specimens below 54 mm were immature, whereas in the Umkhrah 

and Umshing populations specimens below the length of 44 mm were 

found to be immature (Fig. 28B,C). It is clear from Fig. 28 that 

50^ of the specimens (I^JQ) of Umiam river and Umkhrah stream mature 

at 60-64 mm length group, while the Umshing population, attains 50^ 

maturity (M50) a^sbep33beadc. at 55-59 ram length group. 



TABLE~22 

STAGES IN THE OVARIAN DEVELOPMENT, RANGE OF OVA DIAMETER AND MEAN 
GONADO-SOMATIC INDEX ( G n . S . I . ) IN G. LISSORHYNCHUS 

STAGES 

DEGREE OF 
MATURA­
TION APPEARANCE 

MONTHS RANGE OF MEAN Gn.S.I. 
OF OVA DIA- OF THE THREE 

AVAILA- METER POPULATIONS 
BILITY (mm) 

I 

II 

III 

IV 

V 

Immature 

Resting 

Matura­
tion 

Maturity 

Reprod­
uction 

VI Spent 

Ova transparent Nov. to 
Feb. 

Ova translucent Mar. to 
May 

Fine granular oSr t! May to 
milky in colour. 3un* 

Ova large, pale 3un. to 
yellou/ in colour JUI. 
compact. 

Ova large, yol- ; Aug. to 
loui in colour & Sep. 
loosely attached. 

Shrunken, sligh­
tly irregular in 
shape, darker in 
colour, sparsely 
distributed mith-
in membranous sac­
like covering. 

O c t . 

0.033 • 
0.149 

0.165 • 
0.264 

0.792 • 
1.0065 

1.0395-
1.2375 

1.302 
1.485 

0.873 . 
0.8853 

1.93 

3.92 

10.50 

16.275 

13.018 

0,5467 
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The centpercent m a t u r i t y has been recorded at 70 mm ontuards 

i n l eng th i n the Umkhrah stream and Umiam r i v e r , luhereas the same 

vjuaa found at 65 mm leng th oniuards i n the specimens from Umshlng 

s t ream. 

FECUNDITY 

The number of eggs ranged from 447 in the specimens measur­

ing 68.5 mm in total length and lueighing 4.88 gms to 1808 eggs in 

those measuring 106.00 mm in total length and 19,29 gms in weight 

in the individuals from Umiam river. In the individuals from 

Umkhrah stream, the fecundity varied from 265 eggs in the specimens 

measuring 63.3 mm in total length and u/eighlng 4.15 gms to 1410 

eggs and in the specimen measuring 105.0 mm in length and uisighing 

20.88 gms. The fecundity in the individuals from Umshing strei 

ranged from 210 eggs in the specimen having a length of 56.2 

and meight of 3.92 gms to 1003 eggs in the specimens measuring 

86.3 mm in length and luelghing 9,67 gm in lueight (Tables-23 to 25). 

The relationship betiuean fecundity and total length, fecun­

dity and body tyeight, fecundity and ovary lueight, total length and 

ovary uieight and body luelght and ovary lueight are described below:-

(l) Fecundity US Total length :- On plotting the log values of 

fecundity against the log values of total length (Figs. 29B, 30B & 

318), a linear relation has been observed uihich indicates that the 

number of eggs in the ovaries increase in proportion to the length 

of the fish. The regression equations derived are :-

)am 

mm 
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Log F a 0.6075 + 2-4541 log TL J for Utnlam r iver 
r =» 0.716828 J p o p u l a t i o n s . 

Log F = -0 .1622 + 3.2210 log TL ! f o r Umkhrah stream 
r s -0.933674 | p o p u l a t i o n s , 

Log F a -0.1311 + 3.3094 log TL j f o r Umahing s tream 

r = 0.956487 { p o p u l a t i o n s . 

The c o r r e l a t i o n c o e f f i c i e n t luas found t o be qu i t e high in 

a l l the t h r e e cases i n d i c a t i n g a high degree of p o s i t i v e r e l a t i o n ­

sh ip between the tuio pa rame te r s . 

( i i ) Fecundity US Body weight : A l i n e a r r e l a t i o n s h i p mas obta ined 

luhen fecund i ty mas p l o t t e d l o g a r i t h m i c a l l y a g a i n s t body u/eight 

( F i g s . 29A, 30A, 31 A). The r e g r e s s i o n equa t ions der ived are as 

folloius : -

Log F = 2.1056 + 0.8551 log W I for Umiam r i v e r 
r = 0.766906 I p o p u l a t i o n s . 

Log F a 1.846-5 + 0.9455 log W I for Umkhrah stream 
r = 0.882979 j p o p u l a t i o n s . 

Log F = 1.5731 + 1.5034 log W ! f o r Umshing s t r e 

r = 0.871803 f p o p u l a t i o n s . 
am 

The correlation coefficient values for all the three popu­

lations luere found to be significantly high thereby displaying 

high degree of positive relationship. 

(iii) Fecundity VS Ovary weight : A linear relationship has been 

obtained when log fecundity was plotted against log ovary weight 

(Figs. 29C, 30C, 31C) indicating that the fecundity increases with 

the ovary weight. The regression equations describing the relat­

ionship are as follows :-
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Log F = 3.0260 + 0.1985 l og QW | f o r Umiam r i v e r 
r = 0,948729 f p o p u l a t i o n s . 

Log F = 2.5828 + 0.1519 l o g OW i f o r Umkhrah stream 

r = 0.732048 J p o p u l a t i o n s . 

Log F = 2.8926 + 0,1688 l og OW J f o r Umshing stream 

r = 0.688732 I p o p u l a t i o n s . 

The h igh " r " values i n a l l the th ree popu la t ions i nd i ca tes 

a s i g n i f i c a n t r e l a t i o n s h i p betiueen the tujo parameters. 

( i v ) T o t a l l eng th US Ovary weight ? The mean va lues of t o t a l 

length and t h e i r respec t i ve ovary lueight uisre p l o t t e d l o g a r i t h m i ­

c a l l y aga ins t each o ther t o e s t a b l i s h the r e l a t i o n s h i p betujean 

these parameters ( F i g , 32 f l ,B ,C) . A s t r a i g h t l i n e u/as obta ined i n 

each case uihich showed an i n c reas i ng t r end i n gonad u/eight uj i th 

tbe increase i n the t o t a l l e n g t h . The regress ion equat ions are : -

Log TL = 0.9488 + 0.0394 l o g OW j f o r Umiam r i v e r 

r = 0.644230 I p o p u l a t i o n s . 

Lor TL = 0.9550 + 0.0555 l o g OW I f o r Umkhrah stream 

r = 0.758175 { p o p u l a t i o n s . 

Log TL = 0.9078 + 0.0462 l o g OW I f o r Umshing stream 

r = 0.651989 J p o p u l a t i o n s . 

The " r " va lues have been found t o be s i g n i f i c a n t as be fore 

f o r a l l the th rae p o p u l a t i o n s . 

(v ) Body ujeight VS Ovary lueight : The reg ress ion ana lys i s i n d i c a ­

ted s i g n i f i c a n t r e l a t i o n s h i p between body u;eight and ovary we igh t . 

The equat ions d e s c r i b i n g the r e l a t i o n s h i p are : -

Log W = 1.0392 + 0.1295 l o g OW I f o r Umiam r i v e r 

r = 0.689823 I p o p u l a t i o n s . 



TABLE-23 

FECUNDITY OF G. IISSORHYNCHUS POPULATION FROM THE UMIAM RIUER 

TOTAL LENGTH 
(mm.) 

BODY WEIGHT 
(gm) 

OVARY WEIGHT 
(gm) 

FECUNDITY RELATIVE 
(ABSOLUTE) FECUNDITY 

68,5 
72.5 
76.8 
81.8 
86.5 
91.0 
98.0 

102.0 
106.0 

4.88 
5.83 
6.95 
9.97 
9.61 

10.72 
14.62 
16.54 
19.29 

0. 
0 
1 
1 
1 
O' 
2 
4 

,531 
,785 
.191 
.953 
.662 
.602 
.135 
,219 

4.075 

447 
568 
892 
1143 
1009 
427 
1212 
1577 
1808 

91 , 
96\ 

128. 
124< 
101, 

39, 
82, 
94. 

82 
46 
38 
19 
74 
83 
88 
02 

93.73 

TABLE-24 

FECUNDITY OF £ , LISSORHYNCHUS POPULATION FROM THE UMKHRAH STREAM 

TOTAL LENGTH 
(mm) 

BODY WEIGHT 
(gm) 

OVARY WEIGHT 
(gm) 

ABSOLUTE^ 
FECUNDITY 

RELATIVE 
FECUNDITY 

63 
68 
71 
80 
87 
92 
96 

100,0 
105.0 

4 
5 
5 
6 

10 
10 
16 
16 

.15 

.79 

.94 

.89 

.53 

.66 

.89 

.02 
20.88 

0.255 
0.430 
0.683 

.160 
,829 
,389 
.482 
.829 

1 , 
0, 
1 , 
4. 
1 , 
2.325 

265 
263 
445 
853 
503 
843 
1076 
1109 
1410 

62.66 
45.52 
74.82 

130.22 
47.76 
79.11 
64.38 
69,23 
67.51 

TABLE»25 

FECUNDITY OF G. LISSORHYNCHUS POPULATION FROM THE UMSHING STREAM 

TOTAL LENGTH 
(mm) 

BODY WEIGHT 
(gm) 

OVARY WEIGHT 
(gm) 

FECUNDITY RELATIVE 
(ABSOLUTE) FECUNDITY 

56.2 
62.4 
66.2 
71.4 
76.8 
82.5 
86.3 

3.92 
5.16 
4.24 
4.84 
5.42 
6.94 
9.67 

0.248 
0.582 
0.798 
0.744 
0.821 
1.102 
1.664 

210 
349 
484 
452 
496 
657 
1003 

53.47 
67.72 

113.83 
93.34 
91.42 
94.73 

102.82 
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Log W =» 1.0725 + 0.1615 l o g OW j f o r Umkhrah stream 

r = 0.713581 | p o p u l a t i o n s , 

Log W = 0,8433 + 0.0948 l o g OW | f o r Umahing stream 

r s 0.822569 f p o p u l a t i o n s , 

I n a l l the cases, the h igh " r " values i n d i c a t e a s i g n i f i ­

cant r e l a t i o n a h i p between the parameters. 

RELflTIl/E FECUNDITY : 

Data on relative fecundity in the populations from river 

Umiam, Umkhrah and Umshing streams have been presented in Tables-

23, 24, 25. Relative fecundity has been found to be highest in the 

Umiam river populations (94.78) folloiued by 88.79 in specimens 

from the Umshing stream. The relative fecundity has been found to 

be lowest (71.25) in the Umkhrah stream population. 

FOOD AND FEEDING HABITS 

COMPOSITION OF GUT CONTENTS AND RELATIVE IMPORTANCE OF FOOD ITEMS : 

Different percentage composition of each food itemj in the 

individuals from the three systems have been compiled in Table-26. 

The gut contents have been separated into four broad groups. 

(i) Periphytic Bacillariophyceae : This group has been found to 

constitute the major food item in individuals from all the popula­

tions, Bacillariophyceae formed 97.38^ 2of the gut 'oeinii&nt in thQ' 

Umiam river individuals, 94.58^ in the Umkhrah stream, specimens 

and 97.87% in the Individuals from the Umshing stream. The Bacil­

lariophyceae was represented in the guts of the individuals from 

Umiam river by Meridion, Cymbella> Amphora, Nitzschia, Fragillaria, 

Tabellaria, Synedra, Navicula. Pinnularia. Bacillaria, Gomphonoaaa, 



TABLE-26 

PERCENTAGE OCCURRENCE OF DIFFERENT FOOD ITEMS IN THE GUT 
OF G. LISSORHYNCHUS FROM DIFFERENT POPULATIONS 

PERCENTAGE OF OCCURRENCE 

UMIAM UMKHRAH UMSHING 

PERIPHYTIC 
BACILLARIOPHYCEAE 

Surirella 

Maridion 

Cymbella 

Amphora 

Nitzachia 

Fragillaria 

Tabellarla 

Synedra 

Navicula 

Pinnularia 

Bacillaria 

Gomphonoma 

Diatoma 

Eunatia 

Kirchneic-ella 

Mastoglxî ia 

CHLOROPHYCEAE 

MYXOPHYCEAE 

DETRITUS 

«• 

25.06 

4.38 

1.61 

1.31 

2.32 

1.55 

2.77 

37.05 

1.81 

0.80 

4.75 

4.68 

3.26 

-

6.02 

0.79 

0.50 

1.79 

-

23,64 

3.15 

1.14 

1.16 

1.80 

3.49 

5.10 

35.59 
M* 

0,65 

4.44 

3.87 

2.60 

2.71 

5.24 

0.79 

0.73 

3.79 

0.38 

5.12 

1.60 

2.07 

1.77 

5-23 

6.36 

2.79 

33-. 66 

3.72 

0,27 

27.09 

2.89 

0.39 

1.53 

3.00 

1.28 

0.40 

0.62 
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Diatoma, Eunatla and Maatoglola* Of these, IMavicula was found to 

be the most abundant genus folloiued by Merldion* The Umkhrah 

stream specimens shoiued the presence of all the above mentioned 

gena mith a nevu addition of Kirchneirella, but with the exception 

°^ Pj-nnularia» In this population too, as in the case uuith the 

specimens from Umiam river, Navicula folloiued by Meridion luas 

found to be most abundant in the gut. In the individuals from 

Umshing stream the most dominant diatom u;as found to be Navicula 

closely follou/ed by Gomphonema* The diatoms recorded in the gut of 

the Umshing stream specimens as mentioned above luere similar aa in 

the case with the individuals from the other tiuo systems, but 

u/ith another addition of Surirella. 

(li) Detritus : This group formed 1,79, 3,79 and 0.62 percent of 

the diet in the gut from the individuals of river Umiam, Umkhrah 

and Umshing streams respectively. For specimens from the river 

Umiam anci Umkhrah stream, detritus appeared to be the second imp­

ortant food item luhereas in the Umshing stream population, it ujas 

the third in order of preference. 

(iii) Chlorophyceae : Chlorophyceae formed a comparatively small 

percentage of occurrence in the diet being 0.79?S in the specimens 

from Umiam river, Umkhrah stream and 1.28^ for the specimens from 

Umshing stream. In order of diet preference, Chlorophyceae u»as 

found to be third in the individuals from Umiam and Umkhrah sys­

tems, ujhereas it ranked second in the specimens from Umshing stream. 

Chlorophyceae luas found to be represented in more or less equal 

quantities and u/ere second in the gut of the individuals from 

Umiam river and this comprised of Tribonema, Ulothrix, Microsporq, 
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Spirogyra, Oedogonium and Closterium. Similarly, Scenedesmus, 

Tribonema, Ulothrix, Microspora, Spirogyra, Oedogonium and 

Coelaatrum were found to be the representative members of Chloro-

phyceaa in the gut of individuals from Umkhrah stream. In the 

digestive tract of the specimens from Umshing stream, green algae 

vuas represented by Ulothrix, Microspora, Spirogyra and Closterium 

only* 

(iv) Myxophyceae : This group formed the smallest portion of the 

diet being Q,5Q%, 0.73% and 0.40% of the total gut content of in­

dividuals of Umiam, Umkhrah and Umshing systems respectively. 

Myxophyceaa uias represented in the diet mainly by Anabaena in the 

specimens from Umiam river and Umshing stream, uihereas this group 

was represented by Oscillatoria and Anabaena in Umkhrah stream 

population. 

SEASONAL FLUCTUATIONS IN THE FOOD COMPOSITION ; 

Thf> percentage composition of each food item constituting 

the diet of the species during different months of the year has 

been enumerated in Table3-27, 28 & 29. It can be seen from these 

tabkes that there is slight variation in the pattern of intake of 

the various dietary groups in the specimens from all the three 

populations, 

Bacillariophyceaeiformed the major food item throughout the 

year. The fluctuations in percentage composition ranged from 

94.93 (February) to 99.84 (December) in the specimens from Umiam 

river, 92.54 (3une) to 96.06 (November) in the specimens from 

Umkhrah stream and 96.75 (November) to 98.94 (September) in the 
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specimens from Umshing stream. Detritus ranked as the second most 

preferred diet in the specimens from Umiam river ranging in per­

centage composition from 1.70 (3une) to 3«81 (December) and fin 

thai individuals from Umkhrah lotic 'SyatBra the food item tuas found 

to vary from 2.929S (November) to 5.085S (March). For the indivi­

duals from Umshing river. Detritus uias found to be the third most 

preferred food item and in percentage values, this constituent 

ranged from 0.21 (February and May) to 1.72 (November). For Umiam 

river and Umkhrah stream populations, the amount of Chlorophyceae 

found in the gut ujas next to detritus, luhile it uuas found to be 

the second preferred food item for the individuals from Umshing 

stream. Its percentage composition in the gut ranged from 0.12 

(December) to 2,46 (March) In Umiam river populations, from 0.13 

(December) to 1.74 (3une) in individuals from Umkhrah stream, and 

from 1.02 (December) to 1.42 (April) in specimens from Umshing 

stream. Myxophyceae formed the smallest group in the diet of G_. 

lissorhynchus from all the three systems. The percentage composi­

tion of this group in the food content varied from 0.15 (October) 

to 2.49 (September) in Umiam river populations, 0.12 (July) to 

1.48 (April) and 0.12 (October) to 1.14 (August) for the specimens 

from Umkhrah and Umshing streams respectively. 

It can be seen (Fig. 33) that Diatoms formed the major die­

tary constituent folloiued by comparatively much lesser quantities 

of Detritus and algal matter. The oscillation in the percentage 

consumption of the different types of food material mere found to 

be less throughout the period of the study« 
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FOOD COMPOSITION OF UARIOUS SIZE GROUPS : 

The data on the gut contents of various length classes hav/e 

been presented in TablBS-30, 31 & 32, and the percentages of occu­

rrence of various food items are depicted in Fig. 41. Salient 

features of the observations are described beloui :-

SIZE GROUP I (25-44 mm) : Periphytic Diatoms constituted the major 

portion of the gut content in all the Individuals from the three 

U7ater bodies. In Umiam river populations it was found to represent 

91.16% of the food ingested and in Umkhrah stream individuals, it 

\uas 95*2'\%, u/hile the percentage composition was 98.03 in the 

specimens from Umshing stream. Detritus in this size group compo­

sed of 1,39% in the gut content of G. lissorhynchus from Umiam 

river, while in the individuals frpm Umkhrah and Umshing streams 

it was 4.21 and 0.72/S respectively. Chlorophyceae in the Umiam 

river specimens was found to be 0.72?S, 0.21?S in the population 

from Ur.ikhrah stream and 0,83% in the Umshing stream population. 

Myxophyceae was found to represent ' 0.11% of the gut content 

in the specimens from Umiam river and 0.36 and 0.17% in the indi­

viduals from Umkhrah and Umshing streams respectively. 

SIZE GROUPS II (45-64 mm) : In the Umiam river individuals, dia­

toms were found to be composed by 96.71% of the gut content. Next 

in the order of abundance, was Detritus (l.97%), followed by 

Chlorophyceae (0.79%) and lastly Myxophyceae (0.34%). The order 

of abundance has been found to be the same in this size group in 

the specimens from Umkhrah stream. Bacillariophyceae (92.90%) pre-

ceeded detritus (4.53%) after which Chlorophyceae (l.45%) ranked, 
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and then Myxophyceas (0.98^). In this size class the order of abun­

dance ujas found to be altered slightly. Diatoms {97.92%) were fol-

loujed by Chlorophycaae (l.34^), which luas further folloujed by 

Detritus {Q,63%) and Myxophyceas (0.24^). 

SIZE GROUPS III (65-84 mm) : In this length group too, the speci­

mens from Umiam river exhibited a similar order of abundance with 

regards to Bacillariophyceae {96.56%) u/hich,in order of preference 

luas followed by Detritus (1.85%), green algae (0.845S) and Myxophy-

ceae (D.44?S). In the individuals from Umkhrah stream, Bacillario­

phyceae {95,69%) was found to be the highest in abundance. Then 

appeared the Detritus (3.01%) and Myxophyceas (0.61%) which was 

followed by Chlorophyceae (0.32%). Diatoms (98.12%) was followed 

by Chlorophyceae (0.93%) in the Umshing stream population in this 

size group. Chlorophyceae in this case preceeded Detritus (0.48%) 

and Myxophyceae (0.46%). 

SIZE GROUPS l\l (85-104 mm) : '- The specimens of this length class 

from Umiam river were found to have 96.09% of diatoms in their 

guts. Detritus (1.86%) came next in the order of abundance follo­

wed by Chlorophyceae (1.16%) and then Myxophyceae (0.83%). In the 

Umkhrah stream, the gut content of the specimens in this size 

group of Bacillariophyceae was composed of 94.59%; 4.17% detritusj 

0,72% Myxophyceae and 0.42% Chlorophyceae in order of abundance. 

In the Umshing stream population, Bacillariophyceae (96,41%) was 

<'ollowed by Chlorophyceae (1.87%), then came Myxophyceae (0.68%) 

and Detritus (0.61%). 



TABLE-30 

PERCENTAGE COMPOSITION OF THE GUT CONTENT IN DIFFERENT LENGTH 
GROUPS OF G. LISSORHYNCHUS FROM UMIAM RIUER 

25-44 45-64 65-84 
mm mm mm 

8 5-104 105-124 
mm mm 

BACILLARIOPHYCEA E 
(Periphyton) 

Meridion 

Cymbella 

Amphora 

Nitzschia 

Fragillaria 

Tabellaria 

Synsdra 

Navicula 

Pinnularia 

Bacillaria 

Gomphonama 

Diatoma 

Eunatia 

Maatogloia 

CHLOROPHYCEAE 

(Unidentifiad) 

MYXOPHYCEAE 

(Unidentified) 

DETRITUS 

18.42 

4.97 

1.69 

1.07 

2.81 

2.15 

2.41 

35.95 

0-.88 

0.87 

4.01 

4.00 

3.41 

5.12 

• 

0.72 

0.11 

1.39 

27.54 

4.26 

1.88 

0.94 

1.21 

1.38 

1.96 

33.62 

I. 63 

0-.98 

6.07 

4.44 

3.83 

6.97 

0.79 

0.34 

1.97 

24.48 

3.43 

1.56 

2.32 

2.55 

1.74 

2.92 

38.31 

1.56 

0.93 

5.62 

4.16 

2.57 

4.38 

0.84 

0.44 

1.85 

27.93 

2.70 

0.25 

2.69 

2.37 

0-.98 

2.43 

37.36 

2.42 

0.58 

4.24 

4.17 

3.04 

4.93 

1.16 

0.83 

1.86 

27.55 

4.96 

1.24 

2.10 

3.23 

1.47 

2.84 

29.93 

1.74 

1.26 

3.88 

4.43 

4.66 

6.30 

1.43 

1.21 

1.54 



TABLE«31 

PERCENTAGE COMPOSITION' OF THE GUT CONTENT IN DIFFERENT LENGTH 
GROUPS OF G. LISSORHYNCHUS FROM UMKHRAH STREAM 

25-44 45 -64 ; .65-84 85 -104 105-124 
mm mm mm mm mm 

BACILLARIOPHYCEAE 

(Periphyton) 

Meridion 

Cymbella 

Amphora 

Nitzschia 

Fragillaria 

Tabellaria 

Synedra 

Navicula 

Eunatia 

Bacillaria 

Gomphonema 

Diatoma 

Kirchneirslla 

Mastogloia 

CHLOROPHYCEAE 

(Unidentifisd) 

MYXOPHYCEAE 

(Unidentified) 

DETRITUS 

19.78 

3.21 

0.68 

1.24 

2.94 

2.87 

4.93 

38.49 

2.51 

0.60 

4.39 

4.62 

2.94 

6.01 

0.21 

0.36 

4.21 

19.24 

3.54 

1.39 

1.56 

2.03 

3.96 

5.59 

34.92 

2.82 

0.71 

5. 02 

3.53 

2.91 

5.68 

1*45 

0.98 

4.53 

29.92 

3.12 

0-.96 

1.47 

1.82 

3.21 

5.36 

32.30 

2.92 

0.62 

3.24 

3.94 

2.27 

4.54 

0.32 

0..61 

3,01 

27.85 

2.03 

1.32 

1.03 

1.16 

3,48 

4.92 

36.89 

2.43 

0-.61 

3.16 

3.48 

2.32 

3.91 

0.42 

0.72 

4.17 

22.03 

3.81 

1.29 

0.98 

1.48 

3,83 

5.01 

35.17 

2.21 

0.75 

6.01 

4.01 

3.02 

5.03 

1.10 

0.81 

3.62 



PERCENTAGE COMPOSITIDN OF 
GROUPS OF 

BACILLARIOPHYCEAE 

( P s r i p h y t o n ) 

S u r i r e l l a 

M e r i d i o n 

Cymbel la 

Amphora 

N i t z a c h i a 

F r a g i l l a r i a 

T a b e l l a r i a 

Synedra 

N a v i c u l a 

P i n n u l a r i a 

B a c i l l a r i a 

Gomphonenia 

Diatoma 

E u n a t i a 

K i r c h n e i r e l l a 

M ^ s t o g l o i a 

CHLQROPHYCEAE 

( U n i d e n t i f i e d ) 

MYXOPHYCEAE 

( U n i d e n t i f i e d ) 

DETRITUS 

TA8LE-32 

THE GUT COIMTENT IN DIFFERENT LENGTH 
G. LI3S0RHYNCHUS 

25-44 
mm 

0 .12 

5 .34 

1.21 

2 .21 

1.03 

4 . 7 2 

6 .65 

2 .53 

35 .47 

2 .06 

0 .23 

28 .54 

3 .42 

0 .28 

1.47 

2 .75 

0 .83 

0 .17 

0 .72 

4 5 . 6 4 
mm 

0 .46 

4 . 8 6 

1.73 

2 .01 

1.61 

5 .46 

6 .74 

2 .41 

34 .21 

3 . 2 9 

0 . 2 4 

2 6 . 3 5 

2 .97 

0 . 3 4 

1.63 

3 .41 

1 .34 

0 .24 

0 .65 

FROM UMSHING STREAM 

6 5 . 8 4 
mm 

0 .42 

5 .36 

2 .59 

2 .67 

2 .83 

5 .74 

5.83 

3 .36 

3 4 . 0 5 

4 .33 

0 .21 

23 .47 

2 .85 

0 .42 

1.51 

2 .48 

0 .93 

0 .46 

0 .48 

85 -104 
mm 

0 .50 

4 . 8 7 

2 .47 

1.39 

2 .31 

4 . 9 6 

6 .20 

2 .81 

3 0 . 7 2 

3 .76 

0 .38 

2 8 . 5 2 

2 .29 

0 .49 

1.48 

3 . 2 6 

1.87 

0 .68 

0 .61 
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SIZE GROUPS \1 (105-124 mm) : The composition of the gut contents 

u/as found to be more or less similar in this size group, both in 

the specimens from Umiam and Umkhrah streams» In the Umiam river 

population,of diatoms {95»59%) luas folloiued by detritus (l.54^), 

Chlorophyceae (l»43^) and Myxophyceae {^,21%). In the Umkhrah str­

eam population, Bacillariophyceae in the gut content was found to 

be 94.63%, detritus being 3.62%, Chlorophyceae being 1,10% and 

Myxophyceae amounted to be 0.81%. It can be seen from Table3-27 

to 30 and Figs. 33 & 41 that the fluctuations in percentage com­

position of various dietary groups in all the three populations 

was insignificant except that a slight increase has been obaerved 

in the composition of Chlorophyceae and Myxophyceae as the fish 

increases in length. 

FEEDING INTENSITY : The observation on the feeding intensity 

based on gaatro-somatic index are presented in Table-34. 

Feeding intensity luas found to be high in the individuals 

from Umiam river from January to April (Fig. 34B). Thereafter, the 

intensity declined from 3uly to September. The month of October 

showed a sudden increase in the feeding activity. The feeding in­

tensity was somewhat found to be lower in November and December. 

In the specimens from Umkhrah stream, the feeding intensity 

was found to be maximum during October to April after which the 

intensity declined. A similar pattern in the feeding intensity was 

observed in the individuals from Umshing stream. 

Individuals from all the three systems showed two apparent 

peaks in their feeding Intensity, first being in August and the 



TABLE-

SEASONAL VARIATIONS IN THE G.S . I 
G, LISSORHYNCHUS IN 

MONTHS 1 l U I U I t l w 

SEP 

OCT 

NOU 

DEC 

DAN 

FEB 

MAR 

APR 

MAY 

GUN 

3UL 

AUG 

UMIAM 

GSI 

2 .74 

4 . 9 5 

2 .00 

2 ,91 

4 .46 

4 .32 

4 .08 

4 .41 

3 .45 

1.81 

1.66 

2 .46 

GnSI 

10 .83 

0 .12 

3 .80 

2 .10 

0 . 2 5 

0 .13 

0 .13 

0 .96 

7 .01 

2 0 . 4 0 

1 7 . 8 0 

15 .03 

RIVER 

•K» 

1.5376 

1.8994 

1.5265 

1.4817 

1.4761 

1.2995 

1.5043 

1.3907 

1.4975 

1.4340 

1.3552 

0 .9699 

•33 

. , G n . S . I . AND ' K ' 
DIFFERENT SYSTEMS 

UMKHRAH STREAM 

GSI 

1.58 

3 .22 

6 .32 

2 .75 

2 . 8 4 

2 .95 

3 . 4 2 

4 .63 

3 . 1 5 

2 .48 

2 . 7 5 

2 .95 

GnSI 

13 .50 

1.10 

0 .13 

2 .02 

2 .41 

3 . 0 4 

2 .58 

0 .22 

8 .31 

8 .86 

25 .53 

1 4 . 0 2 

»K» 

1.3689 

1.7456 

1.3372 

1.6692 

1.. 6702 

1.6282 

1.6889 

1.4976 

1.7311 

1.6473 

1.5844 

1.4973 

FACTOR OF 

UMSHING STREAM 

GSI 

3 , 1 4 

4 .30 

5 .92 

2 .03 

3 ,17 

5 .16 

4 . 1 9 

4 .48 

1.99 

1 .15 

3 . 2 0 

2 .18 

GnSI 

9 ,40 

0 .42 

0.13 

3 .21 

1.93 

4 . 0 2 

0 ,96 

1.94 

7 .50 

10 ,93 

14 .13 

15 ,34 

•K ' 

1.6258 

1.9032 

1,2505 

1,5018 

1.5723 

1.4577 

1.7320 

1.8381 

1.4664 

1.4916 

1.6862 

1.3614 
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second in November in the specimens from Umkhrah and Umshing 

stream, uihile for Umiam river specimens, it luaa during the month 

of October* 

The observation on feeding intensity in different length 

groups is shoiun in Fig. 34A. It has been observed that the feed­

ing intensity luas the highest in the smaller length classes i.e. 

from 25-29 mm to 45-49 mm length groups, whereafter the feeding 

intensity ujas found to be loujer. The intensity slightly increased 

in the 70-74 to 80-84 mm length groups after ijuhich the intensity 

dropped again. It was found that the intensity of feeding again 

increased at 115-124 mm length groups in the specimens from the 

Umiam river. 

The correlation betiueen feeding intensity and condition fac­

tor (K) has been shotun in Fig, 35, and the results have been tabu­

lated in Table-33. The data reveals that there is an inverse rela­

tionship betiueen the feeding intensity and condition factor. The 

relation betiueen condition factor and gastro-somatic index in 

different length groups of the species has been shomn in Fig. 36, 

which indicates an inverse relationship for the individuals from 

the three systems. 

G.S.I, Values also shoiued an inverse relationship mith 

gonado somatic index (Table-34). 

The length of the gut (Y) plotted against the total length 

(X) is depicted in Figs. 37 & 39, mhich shou/s that the length of 

the gut increases in proportion to the total length of the fish, 

The regression equations derived are as follouus ;-
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Y = -9,171881 1+ 5.559435 X (Umiam r i v e r i n d i v i d u a l s ) 
Y = -25,079749 + 8.860637 X (Umkhrah s t ream i n d i v i d u a l s ) 
Y = -13.354361 + 6.373547 X (Umshing s tream i n d i v i d u a l s ) 

Their corresponding coefficient of correlation 'r' has been cal­

culated to be 0.9787, 0.944 and 0.9317. 

The regression equations describing the relation betiueen the 

weight of the gut versus total length are found to be as follouis : 

Log Y = -2.171677+1.896893 log X (Umiam river specimens) 

Log Y = -2.222458+1.980078 log X (Umkhrah stream specimens) 

Log Y = -2.149067+1.863145 log X (Umshing stream specimens) 

Their respective coefficient of correlation "r" uuas found to be 

0.9594, 0.987 and 0,9707. The lueight of the gut along with its 

content (Y) has been plotted against total length (X) and shouun 

in Fig, 38. 

The ratio of the gut length to body length has been shouun 

in Fig. 40 and compiled in Table-34. The data reveals that the 

ratio increases as the fish grou/s in length. The Increase of 

R.L.G. in the specimen from Umiam river has been found to vary 

from 2.775 to 8.16, vuhereaS from 2.74 to 8,05 in the specimens 

from Umkhrah stream and from 2.55 to 5.85 in the individuals from 

Umshing stream. 



D I S C U S S I O N 

MORPHOMETRIC AND MERISTIC CHARACTERS 

M o r p h o l o g i c a l v a r i a t i o n s i n f i s h due t o a d a p t a t i o n t o new 

env i ronmen t have been c i t e d by many worke rs ( S c h m i d t , 1 9 2 1 ; 

U l a d y k o v , 1934} T a n n i n g , 1944 j L i n d s a y , 1954 ; Page, 1958; B a r l o i u , 

1 9 6 1 ; S u z u k i and Yamaguchi , 1980 ; Kau r , 1 9 8 1 ; and Dasgup ta , 1 9 8 2 ) . 

I n t h e p r e s e n t s t u d y , m o r p h o l o g i c a l v a r i a t i o n s have been observed 

among t h e t h r e e p o p u l a t i o n s o f Gar ra l i s s o r h y n c h u s f rom Umiam 

r i v e r , Umkhrah and Umshlng s t r e a m s . Fork l e n g t h , P r e - d o r s a l l e n g t h , 

Head w i d t h . P o s t - o r b i t a l d i s t a n c e . D iame te r o f t h e d i s c and Leng th 

o f t h e c a u d a l pedunc le vuere obse rved t o be h i g h e r i n t h e p o p u l a ­

t i o n o f Umshing s t r e a m when compared w i t h t h e specimens f rom o t h e r 

two p o p u l a t i o n s ( T a b l e - ? ) . Leas t h e i g h t o f body . I n t e r - o r b i t a l 
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width and Girth loere found to be highest in Umkhrah population. 

In the specimens from Umiam river, Head length. Eye diameter. Body 

depth, Length of dorsal fin, Lenght of pelvic fin and Length of 

anal fin mere found to be the highest among the individuals of the 

three populations. Head depth u»as observed to be someiuhat similar 

in Umiam and Umkhrah populations. Length of pectoral fin ujas reco­

rded to be nearly the same in the specimens from Umiam and Umshing 

systems. Differences in regression equations as shown in Tables-

9, 10 & 11, which may be attributed to diverse ecological and 

environmental conditions such as current, temperature etc. preva­

lent in the three systems. Similar view has also been expressed 

by Kaur (l98l) and Dasgupta (1982). 

According to Gould (1966) ratios between morphological cha­

racters will not necessarily be constant for the organisms of the 

same species due to the variations resulting from differences in 

sex, race, nutrition and other variable ecological factors. There­

fore, in the present study too, variations in morphometric measu­

rement may be attributed to the above mentioned environmental 

factors. 

Various authors have shown that morphometric characters of 

fish can vary under the influence of environment and in particular, 

the thermal factor during the period of incubation, and the begi­

nning of larval life (Schmidt, 1921; l/ladykov, 1934; Tanning, 

1944; Lindsay, 1954; Fage, 1958; and Barlow, 1961). According to 

Hubbs (1922) and Tanning (1944), variation occurs in number or rays 

in the unpaired fins in several species which is also related to 

an adaptation to movement of water of various density. 
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Variations in the body proportions in the same species 

according to hydrographic conditions, have also been recorded by 

various authors (Hubbs, 1922j BarlouJ, 1961). They associated these 

variation uiith the effect of the duration of periods of grouith and 

of the relating differentiations which determines the number of 

vertebrae. Many authors (Schmidt, 1921j Wladykov, 1934; Tanning, 

1944| Lindsay, 1954; Barloiu, 1961) have reported that meristic 

characters exhibit plasticity under the influence of ecological 

factors, as has also been seen in the present study. 

As reported by Menon (1964), the eye-diameter of Garra 

lissorhynchus in relation to its head length ranges from 3.71 to 

6.60 and inter-orbital luidth ranges between 1#80 and 2.40. Hoiu-

ever, in the present study, eye-diameter in relation to head 

length u/as found to ranrge from 5.15 to 7.00 and the inter-orbital 

luidth in head length luas recorded to vary between 1.67 and 1.94 

(Table-16). The greatest diameter of the disc in head length was 

found to range from 2.42 to 3.54, whereas Menon (l964) observed 

this parameter to range from 2.36 to 3.57 in length of head. The 

pre-orbital distance has been found to range between 2.20 and 

2.56, while the range of this parameter has been observed to be 

1.71 to 2.08 in head length by Flenon (1964). He further recorded 

the number of lateral line scales to vary between 32 and 35, 

whereas in the present study the widest range regarding this para­

meter was found to be between 32 and 36 (Table-8). These varia­

tions clearly indicates that there may be some variations in the 

morphometric as well as meristic characters in fishes belonging 

to different populations which further can be attributed due to 
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the abiotic and biotic nature of the system from luhere the fishes 

(uere collected as also discussed earlier. 

Biometric study of Garra lissorhynchua (Figs. 17-20) reveal 

that the eye-diameter becomes smaller in relation to head length 

ujith the groufth of the fish. A similar case has also been reported 

by Tobor (1974) in Lates niloticus, Kaur (l98l) in Channa gachua» 

and Dasgupta (1982) in Acrossocheilus hexagonolepls. The grourth of 

the fork length and standard length in relation to total length 

ujere found to. be almost constant in all the populations during the 

present study. According to Bayagbona (1963), a constant index in 

any of the biometric indices indicates that the grourth of the bio­

metric character in relation to its length is generally isometric. 

Minor differences in allometry of the biometric characters such as 

pre-dorsal length, head length and inter-orbital luidth (Figs. 17-

20) have been observed in all the populations. The groiuth of dor­

sal fin and body depth in relation to total length and the grourth 

of the pectoral fin in relation to head length showed a -positive 

allometry, whereas the inter-orbital width in total length and eye 

diameter In relation to head length has been found to exhibit a 

negative allometry. 

From time to time, various features have been reported as 

characters of certain local populations of the same species, which 

Nikolaky (1963) with his tidy outlook on adapt at ionfi, considered 

that these variations were designed to ensure that the greatest 

variety of habitats were occupied and quoted several instances 

for various fish species which could occur either as an elongated 
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"river form" or aa a high bodied "lake form". Hoiuevar, in the 

present study. No such luell defined variation among the three 

populations could be ascertained, but certain variations in mor-

phometric measurements are quite evident (Figs. 17-19), Such 

intra-specific variations in the morphometric characters of the 

species may be because the specimens belonged to limnologically 

different types of ecosystems and uihich might have affected in 

such variations. 

LENGTH-WEIGHT RELATIONSHIP 

From the studies on length-u;eight relationship, it is clear 

that there are intraspecific variations in the exponential values 

(TablB-17). The values for "b" approximate to the cube lau/ in all 

the three populations, but are more than "3" in case of the speci­

mens from Umiam river and Umkhrah stream and less than "3" in the 

Umshlng stream specimens. According to Tesch (196?) the value b=3 

indicates that the fish grou/s symmetrically or isometrically. 

Values other than 3 indicate allometric grou/th: if "b" is greater 

than 3, the fish becomes "heavier for its length" as it grouia lar­

ger. Thus, it is clear that the specimens of G. lissorhynchus from 

all the three systems exhibit allometric grourth, Hoiuever, speci­

mens from Umiam river (b=3,0557) and the Umkhrah stream (b=3.125l) 

have been found to be "heavier for its length" than the Umshlng 

stream Individuals (b=2.9974)« The change in the exponential value 

"b" is supposed to be under the influence of numerous factors viz* 

seasonal -^fluctuations, physiological conditions of the fish at 

the time of collection, sex, gonadal development and nutritive 

conditions of the environment of the fishes (Sinha, 1973). Hence, 
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it i3 quite likely that the variations in the exponential value 

relating the length to the body weight might be due to the rea­

sons stated above as the Fishes luare collected from three differ­

ent ecosystems. Apart from varying from population to population, 

the exponential values for Garra lissorhynchus have been found to 

vary in different seasons (Summer and Winter) and during the juve­

nile and adult stages too. Hoiuever, it is seen that the growth in 

all cases is allometric (Tablea-18 & 19). 

Lai and Diuivedi (1965) and Sekharan (l968) have also obser­

ved variations in the poiuer function (b) of length in relation to 

body weight in Rita rita and Sardinella albella and Sardinella 

gibbosa. Hughes et_ al (1974) while studying the effect of growth 

on gills and accessory respiratory organs of Saccobranchus 

(=Heteropneustes) fossilis have mentioned that the compressed body 

shape of the fish to be a probable cause of the increase of the 

power function (b=3.325). 

Beverton and Holt (1957) suggested that the departure from 

3.0 of "b" value is rather rare. However, Narasimhan (1970) repo­

rted that the value of "b" increases in the carnivore fish 

Trichiurus lepturus which devour big prey. Soni and Kethal (l979) 

reported that the higher value of "b" (4.36) obtained for Cirrhina 

mrigala is due to the presence of large quantities of sand and mud 

in the stomach, resulting in an increase in the total weight. In 

the present investigation, the "b" values for G. lissorhynchus 

from the river Umiara and Umkhrah stream have been found to be 

3.0557 and 3.1251 respectively* The values greater than 3 obtained 
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in the present study, may be due to the presence of some amount 

of detritus ingested along luith the perlphytons into the stomach, 

ujhich supports the vievu of Soni and Kathal (1979). 

According to Hile (1936) and Martin (l949) the value of 

exponent "b" usually ranges betiueen 2.5 and 4.0. Allen (1938) sug­

gested that the value for "b" remains constant at 3.0 for an ideal 

fish. The "b" values obtained for G. liasorhynchus from different 

ecosystems (Table-17) indicate that the fish closely follouje the 

cube laiu and heiiC9|t.„â î rding to Hile (1936) and Martin (l949), 

the species can be cons^^ered as "Ideal"* 

I CONDITION FACTOR 

Monthuiise averages of "Pondaral Index" or "K" values have 

been calculated to elucidate the seasonal fluctuations and have 

been shouin in Fig. 258. Such variation, as evident in Fig, 258, 

in the condition factor may be attributed to different factors, 

such as em/ironraental conditions, food availability and the gona­

dal maturity, as ha« also bean suggested by many workers (Le Cren, 

1951; Jhingtan, 1972; Baahirullah, 1975). According to them, study 

on the changes in the condition values luith the increase in length 

may yield evidence concerning the size at first maturity, luhile 

the seasonal fluctuation may reflect the condition of fatness and 

condition of gonads. In the present study it could be seen that 

juveniles have high condition factors as has also been observed by 

many luorkers like Menon (1950)., Pillay (1954), Sarojinl (1967), 

l/arghese (1961), Kaur (1981) antT Dasgupta (1982) in different 

species. The 'K» factor in the specimens from Umiam, Umkhrah and 



166 

Umahing systems shoiu a tendency to increase ujith total length 

till they attain the size of 55 to 64 mm. This could be associa­

ted luith the attainment of gonadal maturity as has also been 

reported by Dasgupta (1982)» Further, it is evident from the 

results (Fig. 25A), that increase in body weight due to the weight 

of maturing gonads is followed by a decrease In the post-spaiuning 

period which is also reflected by the values of the condition 

factor of the species (TablB-34). Similar trends have also been 

observed by Kaur (1?81) and Dasgupta (1982) in murrels and game 

fishes respectively. The deline in "K" values as mentioned a^ove 

is follouwd by another increase which may be due to high gastro-

somatic indices (Table-34). In the present study, the pattern of 

fluctuations of *K' Values have been found to follow a similar 

trend in all the three populations, though the magnitude of fluc­

tuations varied to some extent from one population to another. 

This supports the view of 3hingran (1972), that 'K' factor may be 

influenced by the variable environmental conditions. The present 

study indicates that specimens from Umkhrah stream have a better 

growth (bs»3.125l) than thpae from Umiam river (b=3.0557) and 

Umshing stream (b»2.9974)# 

In £. llsaoghynchua high values of ponderal index have been 

observed la Octob&r In all the three population under study u^ich 

may be due to the high feeding intensity during that period (Table 

r33). During May to September, "K" values of the species have been 

observed to decline rapidly u^ich may be due to their reduced 

feeding activity coupled with the onset of maturation and breeding 

period as with the increase in the volume of the gonads, the 



1 9 

o- -oUNHAM 
• •UMKHRAH 
• - - ^UMSHING 

Q: o 
t-
o 
< 

z 
o 

o 
z 
o 
u 

1-7 

1 5 

1 3 

M 

xrt ttt to to **^ r̂  c o o o o > o > O t r t o i n o 
• 

tn 
r̂^ 

• 
o 
fn 

• 
i n 
n 

• 
o 
N» 

rf> 
v j 

19 

tr 
o ! 7 
u 
u. 

^ 1 5 

o 

i i -3f 

1 1 • 

LENGTH GROUPS (mm) 

B 

O O ^ ^ IN 

o~-4UHIAM' 
• tUHKHRAH 
•--•«UMSHiN6 

S O N O J F M A M J i A 
MONTHS 

FJ8 2 5 : V tictor in 5 l iwoyhyhchof 
(A ) In difftrcnt length groups ( 0 ) SMfonat 



168 

visceral cavity space diminishes leaving comparatively little 

room for the intake of food. The Ponderal Index in the remaining 

months has been found to fluctuate from population to population 

even during the same season (Fig» 25B). 

The present result supports the vieiu of Weatherley (1972) 

that even among the members of one population, samples on a single 

date, there may be a considerable variation in 'condition* tuith 

the length of the fish. According to him, fish populations dis­

play considerable changes in average condition, reflecting normal 

seasonal fluctuations in their metabolic balance and in their 

pattern of maturation and subsequent release of reproductive pro­

duct, Even the state of fullness of the alimentary canal may 

influence »K« factor (Weatherley, 1972). \ 

MATURITY AND SPAWNING 

Studies on maturity indicates that Garra lissorhynchus 

matures once in a year and has a definite breeding season (August 

-September). The occurrence of ripe individuals from Dune to Sep­

tember and its complete absence thereafter reveal that spawning 

season is over by October, The availability of the specimens 

having spent stage during October lends credence to this observa­

tion. Moreover,thWi;Porid6»al Index or 'K» factor for the same indi­

viduals also indicate a similar trend regarding the spawning sea­

son. 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) 
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stated that fishes luhich spawn only once in a season, contain only 

tiuo types of ova i.e. immature and mature. Similar observations '-, 

have also been found in the present study uihich further supports 

the results obtained by Hickling and Rutehberg (1936), Prabhu 

(1956), Qasim and Qayyum (1961), Natarajan and Ghingran (1963) and 

Kaur (1981),/ It has also been observed that the species (Garra 

lissorhynchua) from the Umkhrah and Umshing steams mature little 

earlier lengthu»iae than the individuals from the Umiam population 

(Fig. 28). ̂ he Umkhrah population was recorded to have the high­

est groujth rate (b=>3.125l) compared to other tiuo populations. 

This suggests that good amount of food luas available in the sys­

tem as is also evident from the results on the periphyton popula­

tion (Chapter I), luhich in turn might have accelerated its gonadal 

maturity. Such differences in attainment of maturity have been 

noted by Nikolsky (1963) and Kaur (19B1) mho stated that better 

food availability accelerates the gonadal maturation in fish 

uihich seems to be true in the present study. 

Gorjado Somatic Index (Gn.S.I.) values uuhen plottetd against 

body length (Fig, 27) indicate a tendency of the Gn.S.I, to incr­

ease ujith body length. It is also seen that the seasonal peaks 

(Fig, 26) in the mean Gn.S.I, coincided ujith the peaks in the 

percentage occurrence of mature individuals, hence, Gn.S.I, can 

be used as an index of gonadal development. The GnvS.I, values in 

the present study reveal that a sudden rise of the mean index 

occurs ujhile the species (G. lissorhynchua) passes from resting 

to maturity stages. A sudden fall in the Gn.S.I. value has also 

been observed after 'reproduction* stage tuhich further confirms 
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the findings of Nikolsky (l963) and Natarajan and Jhingran (1963). 

Similar results have also been obtained by Kakuda and Nakai (1981), 

Kaur (1981) and Dasgupta (1982). 

FECUNDITY 

On plotting fecundity values against body length (Figs. i'. 

298,308 & 318), it has been, observed that the egg counts increased 

luith increase in the length. It is also seen that there is an in­

crease in the spread points describing this relationship with 

increasing size of the species. Similar findings have also been 

reported by Habdb (t979) in Puffer fish, Kaur (l98l) in Channa 

gachua and Dasgupta (1982) in Acrossocheilus hexagonolepis. Accor­

ding to Kestevsn (1942), the gonad maintains a relationship luith 

the remainder of the body of the organisms and since the average 

size of maturing or mature ova are constant in general, the num­

ber of eggs, being a number of units of lueight, mill shouj an exp­

onential relationship with the length in the same u»ay as does the 

length of the entire organism. Ghingran (1961), Qasim and Qayyum 

(1963) and Ba genal (1967) have studied the relationship betiueen 

fish length and fecundity and reported the exponential value to 

range around 3.0. Higher values of 4.5 in case of Irish Herring 

(Farran, 1938) or at a rate porportional to fifth poiuer of body 

length (Hodder, 1963) have also been reported. However, in the 

present study the exponential index was found to be 2.4541, 

3*2210 and 3.3094 for the specimens from Umiam, Umkhrah and 

Umshing respectively. The exponent value (2.4541) in Umiam popu­

lation indicates that the fecundity increases at a lower rate than 

that of the body weight in relation to its total length, as is 



1V4 

al3o evident from the exponent value of 3,0557 as obtained in the 

length-ujeight relationship during the present study (Table-17). 

From the exponential values of 3.1251 and 2.9974 obtained in the 

respective length-iueight relationship of the Umkhrah and Umshing 

populations (Table-17), it appears that the fecundity increases 

at a rate slightly faster than that of the body weight in relation 

to total length as indicated by the exponent values of 3.221 

(Umkhrah) and 3.3094 (Umshing). The value of exponent obtained in 

the relationship betiueen ovary uueight and total length were found 

to be 0.0394, 0.0555 and 0.0462 respectively for Umiam, Umkhrah 

and Umshing populations. The exponential value as obtained with 

the body weight and ovary weight relationship in all the three 

systems were found to be 0.1295, 0.1615 and 0.0948 respectively. 

Thus, it can be said that ovary weight increases at a lower rate 

than the total length and body weight. 

According to Simpson (1951), fecundity is directly proport«« 

ional to body weight. Bagenal (1967) pointed out that weight is 

more closely related with the condition of the fish than its 

length. Yuan (1955), found the relationship between fecundity and 

weight to be curvilinear as has also been observed in the present 

study. Logarithmic relationship between fecundity and length, 

body weight and ovary weight and between gonad weight and length 

in the species were found to be linear (Figs. 29-32)• 

Relative fecundity, which is the ratio of egg number to body 

weight (Hardisty, 1964) is a measure of fecundity that takes into 

account the weight differences of individuals* In the present 
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study, relativa fecundity vuas also estimated to make comparisons 

among the three populations as the basic assumption in using rela­

tive fecundity is that the number of eggs per gram does not in­

crease or decrease with the size of the fish (Bagenal, 1973). Hotu-

ever, it is seen that the relative fecundity on average basis luas 

found to be lovuer (71.25) in the Umkhrah stream population (Tabla-

24), whereas the highest average relative fecundity (94.78) luaa 

found in the Umiam rivers individuals (Table-23). This may be 

attributed to the fact that the relative fecundity in the species 

may change markedly due to change in the "condition" of the spe­

cies as has been mentioned by LeCren (l95l) and Raitt (l968) for 

Perch and Noriuay Pent respectively. 

According to Bagenal (1963), in most of the fish, the number 

of eggs does not change significantly as the season progresses but 

the gonad lueight increases due to an increase in tuater content or 

organic matter derived from food or organic matter transferred 

from somatic tissues and only in the later case, if the total 

u/eight remains constant, and thus makes the calculation of rela­

tive fecundity meaningful. 

The maximum fecundity values for £. lissorhynchus in the 

present study have been found to be 1808, 1410 and 1003 in the 

individuals from Umiam, Umkhrah and Umshing population respecti­

vely (Tables-23-25). This indicates that the species (Garra 

lissorhynchus) have comparatively higher fecundity than cyprinida 

of the same size. Hoiuever, Kryzhanovisky,.(1949) stated that a 

species that protects its eggs and young ones is usually leas 
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fecund that the one that does not. Such cases have also been obsu-

rued by Fryer and Isles (1972) who discussed the significance of 

brood and egg size in Cichlida and attributed a close association 

betuieen egg number and size, as the mouth brooders uuere found to 

have feujer and larger eggs than the guarders. Kaur (1981) also 

pointed out the reason for loui fecundity in Channa gachua as the 

specias builds neat and guards itr young ones. Hence, these stu­

dies suggest that parental care has profound effect on the number 

of eggs produced, as it luould be easier for the fish to take care 

of their eggs and young ones if they are less in number (Kaur, 

1981). Houievar, in the present study, no such evidence could be 

detected luith Garra liaaorhynchus luhich supports the field obser­

vations of absence of parental care in this species. 

McFadyen et. al, (1965) found that trout from infertile 

streams had a loiuer egg production. He further stated that the 

difference in age at first spawning and groiuth rate, together 

with an actual louier fecundity all led to a lower reproductive 

rate than in fertile streams. Leggatt and Power (l969) correlated 

fecundity and food supply with land locked salmon. The variations 

in fecundity as reported by Bagenal (1971), Raitt (1968) and 

Hodder (1965) were associated with food through population density. 

Nikolsky (1961 and 1969) mentioned a number of Russian papers 

associating food supply and fecundity, and the relationship of 

nutrition and fecundity were reviewed by Woodhead (i960). Thus, 

fecundity can be associated with the food availability, which is 

also supported by certain experimental works by Scott, 1962; 

Hester, 1964; Bagenal, 1969; Wotten, 1973,who related food with 
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fecundity confirming the low food Intake leading to lower number 

of eggs. This seems to be true in the present case uiith the spe­

cimen of Umshing stream, where the food were less available in 

their immediate environment (Chapter I) in comparison to other 

systems* 

FOOD AND FEEDING HABITS 

The present study based on the numerical method reveal that 

the diet composition of Garra lissorhynchus can be divided into 

the following broad categories :-

â) Periphytic Bacillariophyceae 
b̂) Detritus 
yc) Chlorophyceae 
,d) Myxophyceae 

Nikolsky (1963) recognised three main categories of food on 

the basis of their preference of diets in fishes, 

(a) Basic food - which is normally eaten by the fish and 
occupying most of the gut, 

(b) Secondary food - which is frequently found in the gut, 
but in smaller quantity and 

(c) Incidental food - which is found rarely in the gut 
contents. 

Accordingly, the basic food of Garra lissorhynchus as seen 

from the present study can be considered as periphytic diatoms 

comprising of 94-98^ of the total gut contents. The secondary food 

of the species, as indicated by the results ware found to be 

detritus and non-parlphytic algae (Tablea-30«32). Any type of 

incidental food, however, could not be detected in the present 

study. Somvanshi and Bapat (1979) reported the basic food of 

Garra mullya to be diatoms (26.24-52.29^ of the gut contents). 
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According to thorn, algae, other than diatoms, comes next forming 

14.22 to 36,68% and debris consisting of 10.5-26.72?S of the gut 

contents. Majhi (1980) observed that Chlorophyceae formed the 

major food item comprising 81.91 to 94.80?S in the gut contents of 

Garra annandalei. He further observed that Bacillariophyceae for­

med 6.5-16.0% of the gut contents in the same species. 

A change in diet udth increase in length of fishes has been 

luidely reported by Keast (1966), Larsen (1967), De Silva (1973), 

Adams (1976) and Kakuda and Matsumota (l978). Hou/ever, in the 

present study, no such change in the diet could be observed except 

in the quantitative differences in the food items (f"ig. 41). It 

has been observed that the gut of young specimens have more 

periphyton than the adult. The decrease in the percentage compo­

sition of periphyton. is found to be occupied by the non-periphytic 

algae in adults (Fig, 41)• Such observations mere also recorded by 

Somvanahi and Bapat (1979) in Garra mullya. 

The present study further indicates that feeding intensity 

is higher among the smaller individuals, may be ouiing to the fact 

that metabolic activities are generally higher in young ones. 

Similar results in Herring (Clupea harengus) and Spent (C.sprattua) 

have been reported by Hardy (1924), Marshall et. §k (1^39), DQ 

Silva (1973) and in Murrels (Channa gachua) by Kaur (l 981). 

Feeding in relation to condition factor indicated an inverse 

relationship in the Umiam and Umkhrah population, uihereas degree 

of the inverse relationship was of lesser extent in the Umshing 

population (Fig, 35). The relation of feeding intensity to 
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condition factor in various length groups shoujed a. clear inverse 

relationship (Fig, 36) in all the three population. An inverse 

relation is also observed between the feeding intensity (G.S.I.) 

and the gonado-somatic index (TablB-33), 

According to 3hingran (1971) the principal factors that are 

likely to effect the seasonal variations in the ponderal index are 

generally food and sexual maturity. The G.S.I, values as obtained 

(Table-33) during the study reflects the assessment of spawning 

season as has also been indicated by the seasonal fluctuations in 

the condition factor (Fig. 25B) of the species. 

The feeding intensity declined (Fig. 34B) with the progres­

sive maturation of gonads (Table-»33) from May to September in all 

the three systems. Observations on the maturity and breeding of 

Garra lissorhynchus have shown that this species breeds from 

August to September (Table-22) indicating that the periods of low 

feeding intensity coincide with the spawning season. The low fee­

ding activity during peak breeding season may be attributed to 

the completely developed gonads, permitting limited space in the 

abdomenal cavity for intake of food, which again (feeding inten­

sity) increased after the spawning season. 

The coincidence of low feeding with peak breeding season 

has also been observed by many workers. Various authors (Hardy, 

1924; Hickling, 1933| Fage and l/eillet, 1938; Menon, 1950; Desai, 

1970; Wolfret and Miller, 1978; Kaur, 1981; Dasgupta, 1982; and 

Biswas, 1982, have reported a decrease in the rate of feeding in­

tensity and amount of food consumed with the maturation of gonads 
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in different species. Bhimachar and George (1952) have also refe­

rred to reduced feeding in Indian mackerel, Rastrelliger canagurta, 

u;ith the progressive maturation of the gonads. Karekar and Bal 

(1958) have also noticed the coincidence of peak breeding ijuith lou; 

feeding phase in Polynemus indicus. 3hingran (I96l) has observed 

the feeding intensity of Setipinna phasa to decline in its peak 

breeding season. Matarajan and Ihingran (1963) have reported a 

lou; level of feeding during maturation phase in the case of female 

Cat la catla. Oacobaon (1974) observed that spaujning brings about 

a sharp decrease in 'K' factor. 

The observation of feeding intensity in different length 

groups (Fig, 34) in the present study also indicates that feeding 

intensity is higher in smaller length groups, vuhereas mature 

fishes shouj a decline in the feeding intensity mhich could be due 

to the maturation of the gonads as discussed earlier. The diet 

composition tends to shouj that the species feeds mainly on peri-

phyton (diatoms) and detritus. According to Moitra (1956), food 

habits of fish may vary not only due to the availability and 

abundance of particular food items in the system, but also duo to 

the temperature and other ecological and geographical factors. 

It has been obse3?ved in the present study that the R.L.G. 

values of Garra lissorhynchus increases luith the increase in 

length of the species (Fig, 40), It is knoiun that R.L.G. values 

have a close relationship u/ith the nature of the food the fish 

prefers (Kaur, 1981). It is also a knoiun fact that vegetable mat­

ter requires more time, for digestion due to u/hich herbivorous 
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fishes have higher R.L.G. values (Kaur, 1981), The adaptation of 

the alimentary canal of fish to their food is luell known in 

regard to its relative length of the gut (Sinha, 1972). Kaur 

(1981) reported the R.L.G. of Channa gachua to range from 0.41 

to Q,80, Daa and Moitra (l956a) observed the R.L.G, values 

Bagariua bagarius and Notopterus chitala to be generally louj, 

i.e. less than 1.0 ujhich are. knoujn to be carnivorous. Das and 

Nath (1965) recorded the R.L.G. values of the omnivorous fishes 

Puntius conchonius and Barbus hexastichus to be 3.3 and 2.3 res­

pectively. Dasgupta (1982) observed the average R.L.G. in 

Acrossocheilus hexagonolepisj Tor tor and Tor putitora to be 

2.4, 2.1 and 1.3 respectively. In herbivorous fishes such as 

Labeo rohita and Labao genius the respective R.L.G. values mere 

found to be about 12.0 and 9.5 (Das and Moitra, 1956a,b,c; 1958; 

1963). However, in the present study, the range of R.L.G. values 

for Garra lissorhynchua have been found to be 2.55 to 8.16. Thus, 

accordingly they can be placed in the category of herbivorous 

fishes and which feeds mainly on periphytic diatoms. The feeding 

on a substantial quantity of detritus by the species also support 

this inference u/hich is in accordance to the vieu/ of Odum (l968), 

mho reported that detritus feeders possess higher R.L.G. values. 

The fact that Garra lissorhynchua has a long alimentary canal 

without a well defined stomach confirms that it is a purely her­

bivorous fish as mentioned above. Somvanshi and Bapat (1979) made 

a similar obGorvation in Garra mullya. Hora (1937) and Hora and 

Nukherji (1936) further states that £. mullya feeds by scraping 

rocks. Similar observations have been ma<Je m ihe <;aSft oP Qgyra 

lissorhynchus in the present study. 
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Nlkolaky (1969) is of the vieu; that the Fish fauna of high 

altitudes are usually adapted to eating various typas of food on 

account of the high variability of the available food, Hoiuever, 

the present findings in the food and feeding habits of Garra 

lissorhynchus seems to agree more u/ith the view of Das and Hoitra 

(1963) ujho observed that in herbivorous fishes, fluctuations In 

the dietary components are not very marked due to the fact that 

the aquatic plants ujhich usually dominate the diet of these fis­

hes alujays abound in the environment. 
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S U M M A R Y A N D C O N C L U S I O N 

Keeping i n v ie iu, the bas ic neccess i ty t o ga in knou/ledge on 

the l i m n o l o g i c a l s t r u c t u r e of l o t i c acosyetams from higher a l t i ­

tudes and on the b i o l o g y o f the f i s h Garra l i ssorhynchus adapted 

i n such systems, the present i n v e s t i g a t i o n has been under taken. 

The r e s u l t s ob ta ined dur ing the present i n v / e s t i g a t i o n have been 

presented i n t h i s t h e s i s e n t i t l e d "An i n v e s t i g a t i o n on some 

aspects o f the ecology and b i o l o g y o f a h i l l - s t r e a m fish—Garra 

l i ssorhynchus (McC le l l and ) " , the summary and conc lus ion o f luhich 

are presented beloiu. 

The luater temperature i n a l l the systems shouted a c o - l i n e a r ­

i t y throughout the s tudy p e r i o d . The ui inter t he rma l i n v e r s i o n i s 

a t t r i b u t e d t o the p roper t y o f luater of having more s p e c i f i c heat 

than a i r . C o n d u c t i v i t y values d i d not shoiu any d e f i n i t e p a t t e r n 
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of fluctuations, although a trend of ujintsr maxima and summer 

minima luas observed. This has been attributed to the changes in 

the ionic composition of the precipitation and the diluting 

effects of :̂ ain luater entering into the systems. The uiinter maxi­

ma might be due to the fact that during the period, the volume of 

luater decreases considerably luhile the addition of nutrients by 

way of leaching remains the same 'jr increased. 

It has also been noticed that though the pH values fluctua­

ted u/idely they, mainly remained in the acidic range in all the 

systems studied. They luere also found to shouj a definite inverse 

relationship with the free carbon-dioxide concentrations. Apart 

from this pH values exhibited a tendency to reach a summer minima 

and a winter maxima. Higher pH values during winter indicate high­

er photosynthetic activity than community respiration, which might 

be due to the cloudless sky during the period and low water levels 

resulting in higher penetration of sun rays. The reverse condi­

tions seem to be the reason of the summer minima. 

The results indicate that the main sources of free carbon-

dioxide in the systems, are from decomposition as well as the 

respiratory processes of the organisms present in the systems. It 

is also evident that free carbon-dioxide concentration of the 

water influences the pH, bicarbonate and carbonate alkalinity of 

the water. 

In the present study higher dissolved oxygen level coincided 

with low temperature maintaining the law of solubility of gases. 

However, around August, the high temperature corresponded with 
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high oxygen values. Therefore, temperature alone cannot be taken", 

as the limiting factor for dissolved oxygen in these tuater bodieo. 

It may, houiever, be concluded that oxygen content of these u;ater 

bodies could have mainly depended on the folloiuing factors s-

(a) Laiu of solubility of gases; 

(b) Photosynthetic activitieaj 

(c) Respirationj 

(d) Intensity of illuminationj 

(e) Agitation in luater surface. 

Total alkalinity registered an inverse relationship with 

the free darbon-dioxide content. This situation may be attributed 

to the "Equilibrium Carbon-Dioxide". The fall in alkalinity val­

ues during the summer months could have been due to the dilution 

of ionic content of the water by rainfall. 

The nutrient condition in all the three systems luas found to 

be generally poor. The phosphate content of the Umshing stream 

showed an inverse relationship with the dissolved oxygen level. 

This might be due to the fact that when there is lack of oxygen 

in water bodies, particularly in the sediments, iron is reduced 

from ferric to ferrous state, releasing phosphate into water. How­

ever, in the river Umiam and Umkhrah streams no such inverse rela­

tionship was observed and at times there occurred a tendency of 

direct relationship of phosphate with oxygen. This has been attri­

buted to the human Interferences by way of washing clothes with 

detergents and thereby adding a sizable quantity of phosphate into 

the systems. Phosphate level is also known to be dependent on 

various factors like temperature, salinity and bacterial activi-
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tiea. The Increass in phosphate levels during the monsoons have 

been attributed to the increased addition of leachates into the 

systems. 

An inverse relationship has been observed betiueen nitrate 

and oxygen djhich suggests that oxygen has a profound effect on 

nitrate concentration in u/aters. The reduction of nitrate levels 

and the corresponding increase of oxygen concentration might be 

due to the photosynthetic activities of the algal community or the 

oxidation of organic compounds. Nitrate shoiued an inverse relati­

onship ijuith temperature too. This suggests that temperature also 

has a profound effect on nitrate concentrations. This could be 

due to the fact that temperature accelerates the activity of den­

itrifying bacteria in the presence of organic matter. 

The silicate content in the Umiam and Umkhrah lotic systems 

has been found to vary inversely luith the free carbon-dioxide con­

tent. This has been attributed to the fact that silicic acid is 

more u/eakly dissociated than carbon-dioxide. Silicate is also 

knoiun to be influenced by temperature as has been found in the 

Umshing stream, uihere a direct relationship betujeen the tiuo fac­

tors has been observed. It mas further noticed that lotu levels of 

silicate in the water of the three systems corresponded ujith-the 

peaks of diatom abundance (March to Nay). This has been attributed 

to the presence of large numbers of diatoms luhich might have res­

ulted into the depletion of silicate to lou/ levels as it is a well 

known fact that diatoms take up silicate from the surrounding 

environment for their shell-building. 



200 

Tha calcium content level revealed a summer maxima and a 

uiinter minima* The level of concentration of this factor in luater 

depends on the amount of it adsorbed by the sediments. This uptake 

is knoiun to take place u/ith the exchange of hydrogen ions. This 

might be the reason of the increase relationship betiuaen calcium 

and pH. Calcium is also involved in the calcium bicarbonate system 

uuhich is also true for magnesium. 

Chloride levels increased in all the three systems during 

the monsoon months u/hich could be due to the increased amounts of 

laachates from the catchment areas. The tendency for a brief peak 

in u/inter season might be attributed to the loiu discharge of water 

resulting in precipitation concentration. Hou/ever, the general low 

levels of chloride concentration is to be expected since the sys­

tems are far removed from the oceans (Bishop, 1973). The possible 

louj concentration of chloride salts in parent rocks in the proxi­

mity of the water bodies could have also resulted in the low 

levels of this parameter. 

The peaks of total hardness coincided with those of calcium 

and magnesium hardness with a period of decline during the rainy 

months. This might be due to the increase in water level and sub­

sequent dilution of the calcium and magnesium ions present in the 

systems. 

In the present study, the Umiam river revealed 14 species of 

Baoillariophyceae, 6 of Chlorophyceae, 2 of Myxophyceae and 1 each 

of Euglenophyceae and Chrysophyceae. In the Umkhrah stream, 15 

species of Baoillariophyceae, 9 of Chlorophyceae, 2 of Myxophyceae 
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and 1 each of Euglanophyceae and Chrysophyceaa luere found, luhile 

the Umshing stream luas found to harbour 17 species of Bacillario-

phyceae, 5 of Chlorophyceae and 1 each of Myxophyceae, Euglenoph-

yceae and Chrysophyceaa. True planktonic algae like Fragillaria, 

Cosmarlum, Closterium and Scenedesmus have been recorded from 

such zones of the systems luhere ujater current luas almost stagnant. 

When compared with other tropical and sub-tropical streams or 

rivers, the algal flora seems to be poor in diversity. This pauc-

ity could be due to the effect of substrate instability. In all 

the three systems it luas found that u/hsre larger boulders mere 

present, periphytic algal groiuth tuas moderately rich, both in 

terms of diversity and density. This is attributed to the fact 

that smaller stones and pebbles offered unstable substratum and 

luere more susceptible to the scouring action of tuater currents. 

It has been discussed earlier that the luaters of the sys­

tems are not truely hard, that is, the values of calcium and mag­

nesium hardness are loiu. Hardness, particularly calcium hardness, 

is knou/n to favour algal grouith. The louj level of hardness might 

also be responsible for poor diversity in periphytic groiuth. During 

March to May, there is a rise in diatom abundance and a fall in 

silicate levels. This inverse relationship between diatoms and si­

licates might be due to the fact that diatoms require silicon for 

the manufacture of their shells. Hence,.the available supply of 

silicon from water can be regarded as a matter of real consequence. 

The presence of diatoms like IMitzschia in the systems indicate 

possible nutrient enrichment of the systems, although the overall 

dominance of diatoms in the algal community is indicative of 
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oligotrophic nature of the ayatema. These findings may be due to 

the reason that the physico-chemical factors in frashu;ater bodies 

undergo frequent changes partially due to the changes in msteoro-

logical factors. Hence, it can be concluded that the groujth and 

production of periphytic and other algal population is directly or 

indirectly influenced by the seasonal variations in the complexes 

of abiotic and biotic factors ujhioh is always bringing about 

changes in the ecosystems. This conforms to the notion of Nasar 

(1975) that "no one can step into the same ecosystem tiuice, as the 

ecosystem is dynamic and the abiotic and biotic factors not only 

fluctuates seasonally and diurnally, but also each and every moment". 

The results indicate that there exists an intraspecific dif­

ference in various morphometric characters of Garra liasorhynohus 

luhich may be attributed to diverse ecological and environmental 

conditions prevalent in the three lotic systems. 

From the results obtained on length-tueight relationship, it 

is evident that there exists an intraspecific variation in the 

exponential value. The 'b* values approximate the cube laiu but are 

more than three in the case of specimens from Umiam river and 

Umkhrah stream and less than three in the case of the Umshing 

stream population, thus shotulng allometric groiuth in all the cases, 

However, due to the close approximation to the cube law, the 

species can be considered as "ideal". 

The condition factor of £. lissorhynchus from all the three 

populations have been calculated at different length groups as 

well as different months. The fluctuations in 'K* values observed 
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have been discuaaed in relation to gonadal maturity and feeding 

habits. The results of condition factor indicates that the 'K' 

•value is higher in smaller fishes than the bigger ones. It is re­

vealed from the study that the limiting factors for 'K' value are 

not only maturity and feeding habits, but also environmental 

factors tuhich seem to play a significant role. 

The fecundity of G. lissorhynchus uias observed to range from 

427 to 1808 eggs in the specimens of 68.0 to 106.0 mm in length 

from the Umiam river. In the Umkhrah stream fecundity ranged from 

263 to 1410 eggs in specimens of 63.0 to 105.0 mm in length, 

whereas it ranged from 210 to 1003 eggs in specimens of 56.0 to 87 

mm in length from the Umshing river. Further, the logarithmic re­

lationships betiueen fecundity of G. lissorhynchus and its length, 

body weight and ovary weight were found to be linear. The maximum 

relative fecundity on an average basis was found to be 94.78 in 

the specimens from Umiam river whereas, the lowest (71.25) was 

recorded in the Umkhrah stream population. Fecundity estimates 

suggests that G. lissorhynchus have comparatively higher fecundity 

than Cyprinids of similar size which, might be due to the absence 

of parental care in £. lissorhynchus. It is an established fact 

that low food intake due to less availability of food items in the 

system, leads to low fecundity. This seems to be true with the 

Umshing stream specimens which have been observed to be less feccmd 

than those of the river Umiam and Umkhrah stream, where the food 

available in the system was more. 

Studies on maturity indicate that specimens from all the 
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thrae systems have a similar spawning period i.e» August to Sept­

ember luith just one spawning season during an annual cycle. The 

occurrence of ripe specimens is restricted only during August to 

September which also clearly indicates the spawning season of the 

species. This is also supported by the results obtained on the 

Gn.S.I, of the species. Gn.S.I, values showed a tendency to incr­

ease with length. The seasonal peaks in Gn.S.I. values coincided 

with the peaks in the percentage occurrence of mature individuals^ 

hence, Gn.S.I, values can be used as an index of gonadal develop­

ment. Accordingly, it has been observed that 50% individuals (^CQ) 

mature at 60-64 mm length group in the Umiam and Umkhrah streams, 

whereas in the Umshing stream the M^n has been found to be at the 

55-59 mm length group. 

Based on numerical and frequency of occurrence methods, the 

diet composition of £. lissorhynchus has been divided into the 

following broad categories: (a) Periphytic Bacillariophyceae (b) 

Detritus (c) Chlorophyceae and (d) Myxophyceae. The observed low 

feeding intensity during spawning season may be attributed to the 

completely developed gonad permitting limited space in the abdomi­

nal cavity resulting in less intake of food. It is further clear 

that the feeding intensity in £. lissorhynchus is higher in the 

smaller length groups than the higher length groups which might be 

due to the higher metabolic rates in young individuals. It has 

been further observed that the young specimen-? prefer more peri-

phyton aa food than adult, though the "basic food" of both are 

periphytic algae. 
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From the results obtained during the present inv/estlgation, 

the folloujing generalization can be made with regards to the eco­

logy of fishes. It can be said that fish populations are a part 

of the ecosystem, ujhich are affected by the chemical and physical 

factors ujhile functioning ujithin the system through biotic inter­

relationships u'hich supports the vieuu of Weatherley (1972).Fishes, 

being poikilotherms, are more dependant on the temperature of 

their habitat and the surrounding luater than homoithermal animals. 

Temperature of the tuater therefore, is of enormous significance to 

the life of a fish. According to Mikolsky (1963), in majority of 

fishes, the body temperature differs from that of the surrounding 

luater by only 0.5-1.0°C and the changes in the metabolic rate are 

most closely associated uiith changes in the temperature of the 

surrounding tuater. In many cases, changes in the temperature func­

tion as a signalling factor, a natural stimulus u/hich determines 

the start of some process such as spaiuning, migration and so on. 

The rate of development of fishes is also related to a significant 

extent to changes in the temperature. Within the limits of certain 

amplitude of temperature, there frequently occurs a direct relation 

betujeen the rate of development and the change in temperature. 

Groujth rate is closely related to temperature and many, probably 

most, species do not grouj at all during ujinter (Hynes, 1970). 

Temperature has altuays been considered as an important ecological 

factor and for stream fishes particularly, it is an important one 

u»hich limits both geographical distribution and local occurrences 

ujithin a single vuater course. Besides, the adaptation of a fish to 

a particular temperature (high or low), the amplitude of fluctua* 

tion of the temperature at u;hich fishes of the same species can 
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llv/e ars extremely important. This amplitude of temperature varies 

considerably from one species to another as is evident from the 

distributional records of Garra* If the total amplitude of the 

temperature at uihich a species of a fish can live is very great, 

it is significantly less for each stage of development. Fishes 

also react differently to temperature fluctuations, according to 

their biological conditions. The timing and extent of temperature 

changes are also important, as they often control breeding. Hence, 

the optimal temperature to which a fish can adapt can also be con­

sidered a species characteristic. The present study further corro­

borates the vieuj of Weatherley (1972) that fishes of higher alti­

tudes have evolved a metabolic type uuhich enables them to feed 

successfully at a very loiu temperature unlike the fishes of lower 

altitudes. Within limits of the optimal temperature for a given 

species, a rise in temperature usually leads to an increase in the 

rate of digestion. 

Tha gaseous metabolism of fishes also changes considerably 

as the temperature varies. Since the fish is adapted to live at a 

particular temperature, it is natural that its distribution in 

the luater mould be related to that of the temperature. As the tem­

perature changes both seasonally and secularly, the distribution 

of the fish also changes. One may judge the adaptation of separata 

species of fishes to particular temperatures visually, from the 

curves shoujing ih0 frequency of occurrence of each species in rel­

ation to the distribution of temperatures. Thus, the relationship 

betuieen the distribution of separate species and the temperature 

is complimentary. 
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Adaptive changes ujhich occurs in fishes luhan the temperature 

varies, are also connected with some morphological reconstruction. 

Therefore, the adaptive reaction to variations in the temperature, 

salinity, the density of the luater and so on appears as variations 

in the number of caudal zone vertebrae, and in the number of rays 

in the unpaired fins. In 1909, Putter (o£. cit« Nikolsky, 1963) 

suggested that the aquatic organisms can live not only by eating 

particulate food, but also by assimilating salts and organic mat­

ter dissolved in the mater, uihich permeated into the body across 

its walls. Many of the salts dissolved in the u/ater exert a fun­

damentally indirect effect upon fish by influencing the food orga­

nisms or even their food. The organic matter transported doiunstream 

by the mater current ensures a rich development of the various 

organisms mhich form the food of the fishes. 

The presence of substances dissolved in the mater ujhich are 

not normal constituents of freshmater, but mhich enter it as the 

result of Various human activities such as tree felling, industr­

ial effluents, pollution by oil, seu/age and so on, has become par­

ticularly important to fishes. The effects of other dissolved com­

pounds mhich enter the uiater, both organic and inorganic, are 

rather variable but in general, the majority of them effect pri­

marily the course of respiration. 

(iUike all other animals, fishes cannot live mithout the access 

of oxygen to the organisms through its blood, mhich ensures meta­

bolism and, thereby, the life of the fish/jNaturally, therefore, 

the cessation of access of oxygen to the blood leads to the death 
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of the fish in a short time. ̂ Usually, luater masses ujith fast cur­

rents are characterized by super saturation with oxygenl For this 

reason, rheophilic fishes are also at the same time oxyphilic i.e. 

they require raora 02* During the course of investigation it has 

been noticed that specimen of G. lissorhynchus uihen transferred to 

stagnant water did not survive for more than three hours, but 

there u/aa an increase in the time period of survival uihen the 

luater was oxygenated. 

lApart from oxygen, other gases are also of considerable 

importance to fishes. It is well known that an excess of carbon-

dioxide concentration causes the death of fishes. The mechanism 

of the action of carbon-dioxida upon fish consists of the reduc­

tion of the capacity of the blo«d to absorb oxygen. The amount of 

carbon-dioxide in the water is directly proportional to pH, i.e. 

the more the concentration of dissolved carbon-dioxide, the more 

acidic the water becomes. As the acidity of the water increases, 

the rate of metabolism in fishes decline, although there is an 

increase in the respiratory rate. This results in more energy 

consumption than gained by the fishes. / 

Fishes are adapted to moving through both still and fast 

flowing water and the body shape, fin structure and certain other 

features in the form of the fish are connected with this. Garra 

lissorhynchus has a smooth rounded snout, an arched dorsal surface 

and flattened ventral surface. The paired fins are at right ang­

les to the body. These characteristics reduce resistance of the 

water and enable them to traverse even against the faster currents 

of the streams. The body form of the species not only helps the 
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fiah to reduce the resistance as mentioned above, but also helps 

in utilizing the medium in getting the necessary lift while spaui-

ning upstream. This can be explained by the fact that u/hen luater 

rolls over the arched back (dorsal surface) of the fish, the 

vuater molecules are slightly dispersed oreating an area of loiu 

pressure, mhsreaa the flattened ventral surface of the fish does 

not create any pressure changes, in other luords, luith lower pres­

sure on the dorsal surface and higher pressure on the ventral 

surface, the fish can have the necessary lift uihile moving for-

luard in fast luatsr currents in the same way as aeroplanes, with 

wings having an arched upper surface and flat lower surface, 

obtain their lift by making use of the air current. The body form 

of £« lisaorhynchus ia indicative of its bottom dwelling nature. 

Fishes living on the bottom are usually pigmented in such a man­

ner so as to blend into the background. The mud brown colour of 

£. lisaorhynohua camouflages it well with the river or stream beds. 

The food supply has a profound effect on the numbers and 

masses of fish populations. The amount of food eaten determines 

the fecundity of the year classes, as wall as the growth rate and 

time of sexual maturity and hence the life span. The length of 

the feeding season is In turn affected by the onset of unfavoura­

ble conditions. The food supply is therefore, governed by the 

conditions for obtaining and utilizing the food and it is also 

dependant on the abiotic conditions such as temperature, inten­

sity of illumination, photoperiod, size of feeding area, water 

velocity and so on. In freshwater conditions the range of food 
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organiama may vary greatly from, area to area, even as regards 

principal food (Nikolaky, 1969), Although the ichthyo-fauna of 

high altitudes are usually adapted to eating various types of 

food, Garra liaaorhynohus has aatabliahed ita ouin niche in the 

systems it inhabitates by feeding mainly on periphytic algae. 



LITERATURE CITED 



L I T E R A T U R E C I T E D 

Adams, S.M. 1976. Feeding ecology of Eelgrass fish communities. 
Trans. American Fish. See. 105(4) J 514-519. 

Agarvual, V.P. and A.P. Tyagi, 1969. Food, feeding habits and the 
alimentary canal of freshiuater fishes of Wuzaffarnagar. 
Agra Univ. 3. Res., ia(l) : 15-28. 

Alderdice, D.F. 1972. Factor combinations: Responses of marine 
poikilotherms to environmental factors acting in con­
cert. In: Marine Ecology. Vol. I, Environmental fac­
tors, Part 3. Ed. OKinne. Wiley (Interscience), Meiu 
York, U^*A.-

Al-Hussainy, A.H. 1947. The anatomy and histology of the alimen­
tary tract of the plankton feeder, Atherina forskali. 
Rupp. 3. Morph. 80 : 251-286. 

Al-Hu3sainy, A.H. 1949. On the functional morphology of the ali­
mentary tract of some fishes in relation to differen­
ces in their feeding habits. Quart. 3. Micr. Sci. 
90(2) : 190-240. 

Alikunhi, K.H.- 1957. Fish culture in India. Farm. Bull. 20, 
I.C.A.R., Neiu Delhi* 



5T^ 

Alikunhi, K,H., N. Choudhury and \J, Ramachandran., 1955. On the 
mortality of carp fry in nursery ponds and rols of 
plankton on their survival and growth. Indian 3. Fish, 
2 : 257-313. 

•Allegeier, R.p»f W.H. Peterson, C. Ouday and E.A. Bridge. 1932. 
The anaRTobic fermentation of lake deposits. Int. Rev. 
d. ges. Hydrobiol. u. Hydrogi. 26 ; 444-461. 

Allan, K.R. 1938. Some observations on the biology of the trout 
(Salmo trutta) in Windermere. 0. Anim. Ecol. 7 : 333-
349. 

Allan, O.N. 1930. Methods in quantitative research on marine mic-
roplankton. Bull. Scripps. Inst. Qceanogr. Tech. Sci. 
2 J 319-329, 

American Public Health Association. 1965. Standard methods for the 
determination of vuater and ujaste ujater (l2th edition), 
Neuj York. 

American Public Health Association. 1971. Standard methods for 
examination of luater and mastevuater,. 13th edition. 

•Anderson, H.H. 1889, Notes on Indian rotifers. 3, Asiat. Soc. 
Bengal, Calcutta. 58 : 345-348, 

Anon. 1962. The wealth of India. Rau; materials. Fish and Fisher­
ies. 4 : 1-t32. 

Annandale, N, 1919. Notes on the fishes of the genus Discoqnathus 
from India and Persia. Rec, Indian Mua,, Calcutta, 
18, 65-78. 

Arora, G.L. 1931. Fauna of Lahore. 2.Entomoatraca (uiater fleas) 
of Lahore. Bull. Dept. Zool. Punjab Univ. 1 ; 79, 

Arora, H,C, 196i2, Studies on Indian Rotifera - Part I, 3, Zool. 
Soc, India. 14 : 33-44, 

Arora, B.C. 1963a. Studies on Indian Rotifera. Part lU. On some 
species of sessile Rotifera from India (luith a descr­
iption of a neui species of Genus Sinantherina). 
Arch. Hydrobiol. 59 : 502-507. 

Arora, H.C, 1963b. Studies on Indian Rotifera. Part II. 3. Zool. 
Soc. India. 15 : 112-121. 

Arora, H.C. 1965. Studies on Indian Rotifera. Part UI. On a coll­
ection of Rotifera from Nagpur, India vuith four nevu 
species and a neuj variety. Hydrobiologia.. 26:444-456, 

Arora, H.C. 1966a. Studies on Indian Rotifera. Part \l, Arch. 
Hydrobiol, 61 : 482-493. 



213 

Arora, H.-C. 1966b. Cyclomorphosis (Four variations) in some spe­
cies of Indian planktonic Rotatoria. Int. Rev* gas. 
Hydrobiol. 51 : 623-632. 

Atkins, W.R.G, 1926. Sgasonal changes in the silica content of 
natural luatars in relation to the phytoplankton. 
3. Mar. biol. Ass. U.K. 14 : 89-99. 

Atkins, W.R.G. and G.T. Harris, 1924. Seasonal changes in the 
water and helaoplankton of frsshmater pdnds. Sci. 
Proc. Roy. Dublin Soc. 18 : 1-21. 

Bagenal, T.B. 1963. The fecundity of Witohes in the Tirth of 
Clyde. J. Mar. Biol. Ass; U.K. 43 : 401-407, 

Bagenal, T.B. 1967. A short revieuj of fish fecundity. In: Biolo­
gical basis of freshiuater fish production. Ed. S.Di 
Gerking. Oxford, pp. 89-111. 

Bagenal, T.B. 1969. The relationship betuueen food stipply ind fed-
undity in broujn trout, Salwo trutta. 3. Fish. Biol. 
1 : 167-182. 

Bagenal, T.B. 1971. The interrelation of the 3ite of fish eggs, 
the date of spawning and the production cycle; 
3, Fish. Biol. 3 : 207-219. 

Bagenal, T.B, 1973. Fish fecundity and its relations luith.stock 
and recruitment. Rapp, P.V, Rsun. Com. perm. Int. 
Explor. Mer. 164 : 186-19R. 

Bagenal, T.B. 1978. Aspects of Fish Fecundity. In: Ecology of 
freshwater fish production. Ed. S.D. Gerking. Black-
well Scientific Publ. Oxford, pp. 75-101. 

*Baird, W. 1859, Description of some new recent Entomostraca from 
Nagpur collected by the Rev. S, Hislop, Proc. Zool, 
Soc. London. 39 : 231. 

Bardach, 3,E. 1978» The growing science of Aquacultura, In: 
Ecology of Freshwater Fish Production. Ed. S.D, Ger­
king, Blackwell Sci. Publ., Oxford, pp. 4:.4-426. 

Barlow, G.W. 1961. Causes and significance of morphological vari­
ation in fishes. Syst. Zool. 10 : 105-117. 

Bayagbona, E.O, 1963. Biometric study of tujo species of 
Pseudotalithus from the Lagos trawling ground, 
Bulletin de Ifan. T. XXU. Ser, A.I, 

Bashirullah, A.K.N. 1975. Biology of LutJanus orissua (L.) of the 
Cubagua Island, Venezuela. I. Length-weight, Body, 
Length gut. Length relationships and condition factor. 
Biol. Inst. Oceanogr. Univ. Oriente. 14(1): 101-107. 



214 

Beck, G.H. 1965. The streams of Florida. Bull. Fla. State Mus., 
10 : 91-126. 

Beklemishev, C.W. 1961, Superfluous feeding of the marine herbi­
vores zooplankton. Rapp. P.-U. Reun., Cons. Int. 
Explor. Mer., 153 : 108-113. 

*Ber, K.M, 1854. History of fishing in Russia and the adjacent 
seas. Uch. Zap. Akad. Nauk. 2. No, 4. 

Bernice, R. 1970, Studies on the biology of Streptocephalus, 
Ph,D, Thesis, University of Madras, 

Bernice, R, 1971a* The succinic dehydrogenase activity of 
Streptocephalus dichotomus Baird, Hydrobiol, 38(3-4) : 
463-471. 

Bernice, R. 1971b. Food, feeding and digestion in Streptocephalus 
dichotomus Baird. (Crustacea : AnostracaJ. Hydrooiol. 
38(3-4; : 507-520, 

Bernice, R. 1972a. Ecological studies on Streptocephalus dichoto­
mus Baird. Hydrobiologia. 39(2; : 217-240. 

Bernice, R. 1972b. Biochemical composition of Streptocephalus 
dichotomus Baird and Branchinslla kugenumoensis "" 
(Ishikau/a; (Crustacea ; Anostraca). Hydrobiol. 39(2) : 
155-164.. 

Bernice, R. and R.T, Srinivasagam. 1967. On the succinic dehydro­
genase activity of the fairy shrimp, Branchinella 
sugenumaensis (ishikatua). Curr. Sci. 36(4) : 103-104, 

Beumer, 3,9, 1978. Feeding ecology of four fishes from a mangroove 
creek in North Queensland, Australia. 3. Fish. Biol. 
12 :. 475-490. 

Baverton, R.3,H. and S,3, Holt. 1957. On the dynamics of exploi­
ted fish populations. Fish. Invest. London. Sci. II. 
19 : 533. 

Beyers, R.3, and H,T. Odum. 1959. The use of carbon-dioxide to 
constant pH curves for the measurement of productivity. 
Limnol. Oceanogr., 4 : 499-502. 

Beyers, R.3. and H.T. Odum. 1960. Differential titration luith 
strong acids or bases Ms. CO2 water for productivity 
studies. Limnol. Oceanogr., 5 : 229-230. 

Bhagotuati, A.K. and B,K, Ratha, 1982. Biochemical composition and 
nutritional value of three species of hill stream fish 
belonging to the genus Garra from North^Eastern India. 
Proc. Indian natn. Sci. Acad. B 48(1) : 67-72. 



215 

*Bhatla, B.L. 1936, Fauna of British India. Protozoa : Chilophora. 
TayJLor & Francis, London., 23 : 493. 

Bhatnagar, G,K, and Karamchandani, S.3, 1970. Food and feeding 
habita of Labeo fimbriatus (Bloch) in river Narbada 
near Hoshangabad ^I^.P.j. 3. Inland. Fish. Soc. India, 
2 : 30-50.. 

Bhimachar, B.S, and P.C. George. 1952. Observations op the food 
and feeding of the Indian macker»jl, RastreJl^ger 
kanagurta (Cuvier). Proc. Indian Acad. bci. ^a), 36 : 
105-108. 

Bishop, 3.E. 1973. Limnology of a small Malayan river Sungai 
Gombak. Dr. W.Gunk 3.\/., Publishers, The Hague, 485 pp. 

Bisiuas, S. 1964. A neui species of the Cladoceran genus Latona 
3tragus 1820 from Rajasthan, India. Proc- Zool. Soc. 
Calcutta. 17 : 149-152. 

Biau/as, S.P. 1982. Studies on some aapects of the biology of 
Labeo pangusia and Labeo dero from the North^Eastern 
India. Ph.D. ihesis. North-Eastern Hill University, 
Shillong. 185 pp. 

•Sleeker, P. 
B 
1853. Nalezingen op de Ichthyologische fauna l/an 
engaien en Hindustan. Werh. bataria Genoot. 25:1r164. 

•Bleeker, P. 1860. Ichthyologiae archipelagi Indici Prodromus. 
XIV + 492. Batavia. 

•Sleeker, P. 1863. Atlas Ichthologique des Indes. Orientales Meer-
landaises. Cyprins, l/ol. 3, 150 pp. 

*Bloch, M.E. 1785. Naturgeschichte der auslandischer Fische, 
Berlin, 9 parts in 2 and atlas (3 vols.), 

Blum, 3.L. 1956. The ecology of River algae. Sot. Rev. 22(5) : 
291-341. 

*Blyth, E. 1860. The Cartiliginous fishes of loiuer Bengal. 
3. Asiat.Soc, 29 : 35-45. 

*Boulengar, G.A. 1903. Report on the fishes collected by Mr. Oscar 
Neumann and Baron Carlo von Erlanger in Gallalaland 
and Southern Ethiopia. Proc. Zool. Soc. Lond., London, 
2 : 328-334. 

*Boulenger, G.A. 1905. On a second collection of fishes made by 
Mr. S.L. Hinde in the Kenya District, East Africa. 
Proc. Zool. Soc, London, 1, 62-64. 

Bradt, P.T, and G.E. Wieland III. 1978. Correlations of macroin-
vertebrata population characteristics luith physical 
and chemical factors in a trout stream. Proc. Penn­
sylvania Acad. Sci. 52 : 121-125. 



216 

Brehm, V. 1936. Yala North India Expedition. Mam. Connecticut 
Acad. Ants. Sci. 10 s 283-297. 

Brehm, V. 1950. Freahvuater Fauna of India - Part II. Rec. Ind. 
Mus., Calcutta. 48 : 9-28. 

Brett, 3,R. 1979. Environmental factors and growth. In fish phy­
siology, Vol. 8. Eds. W.S, Hoar & D.3, Randall. 
Academlp Press, NQU; York, U.S.A. 

Butcher, R.W. 1964. The biological detaction of pollution. 3. 
Inst. Seiu. Purif. 2 : 92. 

Carlander, D.K. 1970. Handbook of Freshwater Fishery Biology. 
Vol. I. The louja State Univ. Press. Amer._ Iowa. 

Causton, F.G. 1948. Pollution of rivers. S. Afr. med. 7. 22 : 475. 

Chacko, P.I. and 3.B. Krishnamurthy. 1954. On the plankton of 
three freshwater fish ponds in Madras City, India. 
Symp. Mar. Freshwater Plank. Indo-Pacific. Fish. 
Count. (UNESCO) : 103-107. 

Chakraborty, R.D., P. Roy and S.P. Singh. 1959. A quantitative 
study of the plankton and the physico-chemical condi­
tions of the river 3amna at Allahabad in 1954-55. 

Chaturvedi, M.C. 1976. Water second India studies. Macmillan Co. 
India. Ltd. 94. 

Clark, F.N. 1934,. Maturity of the Californian sardine (Sardina 
caeruiea) determined by ova diameter measurements. 
Calif.. Fish and Game Fish. Bull. 42 t 49. 

Corbin, P.G. 1948. On the seasonal abundance of young fish. IX. 
The year 1947. 3. Mar. biol. U.K. 27 : 718. 

Corbin, P.G. 1952. The seasonal abundance of young fish IX. The 
year 1949, 3. Mar. bid. U.K.. 30 : 271. 

*CuvlBr, G. and A. Valenciennes. 1828-49. Historic naturelle das 
ppissona. 22 Vols. Paris, 653 plates. 

Das, G.S., S. Shahoo and S.A.K, Nasar« 1982. A study on the mor-
phometric and meristic characters of a hill stream 
^^^^» Garra lissorhynchus (McClelland). Third All India 
seminar on Ichthyology. Gauhati, 3uly, 1982. 

Das, S.M. 1961. Hydrogen-ion concentration, plankton and fish in 
freshwater Eutrophic lakes of India. Nature, London. 
191 (4787) ; 511-512. 

Das, S.M. 1970. Organic production in Kashmir Lakes, IHF (PF) 
Report, Symposium in Poland. 1 : 67-75. 



217 

Das, S.M. aiyi A.K, Srivastava. 1979. On the relative, length of 
gut (RLG) in some food fishes of Uttar Pradesh uiith 
changes from fingsrling to adult stage. 3. Inland, 
Fish. See. India. 11 (l 5 : 6-11, 

Das, S.M,, H.S, Daftari, S, Akhter, 3, Choudhuri and N, Ahmad. 
1969, Studies on organic production in. high altitude 
lakes of India. Part I. The general ecology and zoo-
plankton of Kashmir lakes. Kashmir Sci. 6 : 12-22. 

Das, S.M. and O.C. Upadhyay* 1979. Studies on qualitjgtive and 
quantitative fluctuations of plankton in tujo Kumaon 
lakes, Nainital and Bhimtal (India). Acta. Hydrobio. 
21 (1) : 9-17. 

Das, S.M. and 3. Akhtar.. 1976. A survey of rotifers of Kashmir 
luith neuj records of Palaearctic genera and species. 
Rotifer Neu/s. 3. : 9-12. . 

Das, S.M., S. Choudhury, .N. Ahmad. S. Akhtar, S. Peer and M.Rashid. 
1976. Studies on organic production in high altitude 
lakes of India. Part 2. The zpoplankton, phytoplankton 
and pedon of high altitude of Kashmir lakes, Kounsar-
nag and Alpathar. Kashmir Sci. 7 : 119-132. 

Das, S.M. and S. Nath. 1965. The comparative anatomy of the alim­
entary tract and its modifications in relation to the 
food and feeding habits in some fishes of 3ammu Provi­
nce (India). Ichthyologica. 4(l-2) : 63-78. 

Das, S.M. and S.K» Moitra. 1956a. Studies on the food of some 
pommon fishes of Uttar Pradesh, India. Part II: On the 
types of fish food and the variations in the relative 
length of the alimentary canal. Proc. Nat. Acad. Sci. 
26B (11/) : 213-223. 

Das, S.M. and S.K. Moitra. 1956b. Studies on the food of some 
common fishes of Uttar Pradesh, India. Part III. Com­
parative anatomy of the alimentary tract in some fres-
huiater fishes and their modifications in relation to 
feeding habits. Proc,. Nat. Acad. Sci. 26B(IV):224-233. 

Das, S.M. and S.K.. Moitra. 1958. On the feeding types of fishes 
and the variations in the alimentary canal in relatldh 
to food. 3our,, Icthiol. Moscoui, 10 : 29-40, 

Das, S,M, and S,K, Moitra. 1963. Studies on the food and feeding 
habits of some freshuiater fishes of India. Part IV. 
A revieuj on the food and feeding habits mith general 
conclusions. Ichthyologica, 2(1-2) : 107-115. 

Das, S.M. and U.K. Srivastava. 1956a. Quantitative studies on 
freshtuater plankton. II. Correlations between plankton 
and hydroldgioal factors. Proc. Nat. Acad. Sci. India. 
B 26 : 243-254. 



»«*-^ • i"*"r-.,..2i8 
Uu -'$-' ^ 

Das, S,M, and U.K. Srivastava. 1956b. St*ifr'tteu; obSewationa on 
plankton from freshwater pond9««nt̂ lĴ rtl<s''o'T'Lucknouj. 
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