










































































































































































































































































TABLE Q9 

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

PARAMETERS 
P O N D 

iv/erage 

0 S T R E A M 
Range 1 Awgrage Range 

Dorsal fin rays 

Pectoral fin raya 

Anal fin rays 

Caudal fin raya 

Lateral line scales 

Lateral line tran-
svsrsa scales. 

32.1 

13.3 

17.6 

13.0 

38.5 

3i/5i 

31 - 34 

11 - 14 

17G- 19 

Constant 

37 - 40 

Constant 

31.5 

13.2 

19.0 

13.0 

38.5 

3i/5i 

31 - 34 

13-14 

16 - 22 

Constant 

36 - 40 

Constant 
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Girth : 

Girth values viiere recorded to be 65.52 in the pond indiui-

duala and 63.85 in individual from the stream luhen represented 

as a percentage ' of standard length. 

MERISTIC COUNTS : 

Tha results of the various meristic counts obtained for 

C.» Qachua ftom. both, the systems are presented in Table-9, The 

dorsal fin rays were found to range from 31-34 in the individuals 

from both the ecosystems. Average fin rays luere recorded to be 

32.1 and 31.5 for individuals from pond and stream. 

The pectoral fin rays ranged from 11-14 and average fin 

ray count u/as 13..>3 for the specimens from the pond. In the case 

of individuals from stream, the fin rays ranged from 13-14 and 

the averega count was 13.2. 

Anal fin rays ranged from 17 to 19 and 16-22 for the in­

dividuals from pond and stream respectively. Average counts tuere 

17,6 (for pond specimens) and 19,0 (for stream individuals), 

The caudal fin rays mere 13 in both the cases and con­

stant in number- The lateral line scales ranged from 37-40 and 

36-40 in both the populations. Average counts mere 38.5 in both 

the cases. The' lateral line transverse scales vuere found to be 

constant. The count being 3^/5^ for individuals both from pond 

and stream, 

INTRASPECIFIC DIFFERENCE : 

The various regression equations of the studied parame­

ters have been presented in Table 10. The regression of total 

length on standard length shoui a difference in the equations as 

folloujs :-
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Y = 1»2799 +1,1849 X (Pond Dopulation) 

Y = n.4414 -t 1.1894 X (Stream, population) 

Similarly, differences have been observed in regression 

equations of standard length Us predorcal length; head length; 

snout length! eye diameteri post-orbital length; inter-orbital 

length; body depth; head depth; length of dorsal fin; length of 

caudal peduncle; height of pectoral fin; base.of anal fin and 

girth. Only standard lyngth l/s height of dorsal fin gave a 

someujhat similar result in both the populations. The equations 

are : . • 

Y. = - 0.3789 + 0.1234 X (Pond population) 

Y = - 0.2978 + 0.1169 X (Stream population) 

The value of the height of dorsal fin expressed in percentage of 

standard length luere also found to be ^similar in the individuals 

from both the pond asfid stream (Table- 10), The observed values of 

all the morphometric measurements when plotted as scatter diagram 

aggregate in straight line. 

INTERSPECIFIC DIFFEREMCE i 

The measurements of morphometric characters in percentage 

of standard length for - Chajvia^ steujartii and C_, punctatus have-

been summarized in Tablesol3 ^ 14. 

The regression equations of the studied parameters have 

been found out and presented in Table 15, The regression equa­

tions of the various factors on the standard length aiere found 

to be different in all the species studied. 

The Values of pre-dorsal length; head length; eye diame­

ter, post-orbital length, inter-orbital length, length of upper 

jauj, head depth, body depth, length of caudal peduncle and girth 



TABLE 11 

MEAN BIOMETRIC INDICES IN VARIOUS SIZE GROUPS 
OF CHANNA GACHUA .FROM THE POND 

Length groups 

Ratios 

TL/SL 

TL/H 

TL/BD 

TL/DF 

TL/IOW 

TL/ED 

H/ED 

IOW/ED 

H/PF 

10-29mm 

1.24 

3.83 

6.43 

2.28 

7.93 

17.0 

1.44 

.2.14 

1.49 

30-49mm 

1.22 

3.93 

6.45 

2.24 

8.42 

19.6 

1.55 

2.33 

1.52 

50-69mm 

1.21 

4.10 

6.80 

2.21 

8.45 

22.32 

1.61 

2.63 

1.46 

t 

1 
t 
t 
t 

7Q-89mm 

1.20 

3.91 

6.25 

2.23 

7.59 

21.13 

1.66 

2.78 

1.57 

TABLE 12 

MEAN BIOMETRIC INDICES IN VARIOUS SIZE GROUPS OF CHANNA GACHUA' 
• FROM THE STREAM 

Length groups' 
- -Ritioi" ~ "l"-29mm! 30-49mm 1 

t t 

I It 
50-69mm f 70-8 9mm 190=1 09mrni 11 0-1 29mm 
_ . t I 

T 
TL/SL 

TL/H 

TL/BD 

TL/DF 

TL/IOW 

TL/ED 

H/ED 

IOW/ED 

H/PF 

1.21 

3.88 

5.7 

2.33 

6.46 

13.3 

1.07 

1*^6 

1.28 

1.18 

4.12 

6.75 

2.13 

8.90 

22.4 

1.56 

2.51 

1.5 

1.20 

4.14 

6.36-

2.16 

8.76 

24c2 

1.70 

2.76 

1.43 

1.19 

4.02 

6.28 

2.10 

8.89 

24.75 

1.82 

2.78 

1.50 

1.20 

4.06 

6.1 

2.17 

8.71 

26.91 

1.96 

3.08 

1 .-53 

1.18 

4.13 

6.0 

2.22 

8.57 

28.57 

1.98 

3.33 

1.52 



TABLE 13 

T'lORPHOnETRIC ANALYSIS OF CHANNA STEWARTII 

Parameteris Mean Average fo 
of Standard 

Length 

Range % of 
Standard 
Length 

Predoraal 

Head 

Snout 

Eye 

Post orbital 

Inter orbital 

Length of Upper 3au; 

Head depth 

Body depth 

Least height of body 

Length of caudal 
peduncle 

Length of D.F. 

Height of D.F, 

Height of Pectoral 

Height of \ientral 

Height of Anal 

Base of Anal 

G i r t h 

17.58 
14.53 

3.80 

2.84 

8.98 

7.191 

4.71 

7,63 

9.63 

5.46 

33.38 

27.59 

7.21 

5.39 

17.05 

13.65 

8.944 

14.48 

18.28 

10.36 

6.36 

32.15 
6.475 

11.25 

4.71 

5.87" 

22*0 

31,75 

1 2 . 0 7 

61 .05 

12.29 

21 .36 

8,94 

11.14 

41 .77 

60.292 

10.5 -

8,0 -

2.0 -

2.0 -

5.2 -

4.5 -

2.5 -

4.5' -

5.2 -

3,0 -

26.0 

21,0 

5.8 

3.6 

13.0 

10.0 

7.0 

11.0 

13.5 

8.5 

4.6 - 9.0 

1 8 . 0 -
4,0 -

6.0 -

2.0 -

3.0 -

12.0 -

19.0 -

46.0 
10.0 

16.0 

7 .0 

.8.8 

32.0 
44,0 

file:///ientral


TABLE 14 

MDRPHOMETRIC' ANALYSIS OF CHANNA PUNCTATUS 

ParameterB Mean 
Average % of Range % of 
Standard Standard 
length length 

Predorsal 

Head 

Snout 

Eye 

Post'orbital 

Interorbital 

Length of upper jauj 

Head depth 

Body depth 

Least height of body 

Length of caudal 

peduncle 

Length of dorsal fin 

Height of dorsal fin 

Height of pectoral fin 

Height of ventral fin 

Height of anal fin 

Base of anal fin 

Girth 

U . 6 1 

11 .96 

2 .855 

2 .30 

6.95 

5.43 

3,88 

6 .20 

7 .20 

3 .78 

38 .64 

31 .63 

7.55 

6.08 

18 .38 

1 4 . 3 6 

10 .26 

16.39 

19 .04 

9 .99 

8 .2 

8 . 0 

1.8 

1.6 

4 . 1 

3 .1 

2 .8 

4 . 0 

4 .8 

2 . 0 

-

- . 

-
«• 

-
« t 

«• 

mm 

«• 

<n 

1 0 . 0 

1 6 . 0 

4 . 0 

3 . 0 

10 .0 

8 .0 

5 .0 

8 .5 

10 .5 

5 .1 

5.08 

20.93 

4.41 

8.26 

3.05 

3.81 

13.34 

24.81 

13.43 

55.35 

11 .66 

.21.84 

8 .06 

10 .08 

35 .28 

65 .61 

2 .8 - 7 .0 

12, 

1 . 

5. 

1 , 

1 

7, 

14, 

.0 

.6 

.0 

.0 

.0 

.0 

.0 

-

-

«» 

O i 

-

= 

-

28. 

7. 

12. 

4. 

6. 

18. 

34. 

.0 

.0 

.0 

.8 

.0 

.0 

.0 
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when expressed in percentage of standard length mere found to be 

higher in C_, punctabus in coiTiparison to C_, stemartii (Tables* 13 

& 14). Only feuj characters v/iz. least height of body, length of 

dorsal fin, height nf dorsal fin, height and base of anal expre­

ssed in percentage of standard length ujere found to be higher 

in C_, stemartii. 

BIOMETRIC INDEX IN ^v GACHUA s 

For each character, a mean biometric index for each 20 mm 

length groups has been calculated. It is quite clear in the pre­

sent study from the Tables 11. & 12, that the grou/th of head, dor­

sal.fin and standard lengtii in relation to the total length in 

£.• ga.cnua. for the size range studied are isometric. The growth 

of body depth and inter-orbital width in relation to total length 

illustrates positive allometry whereas, that of eye-diameter 

(ED) in relation to total length (TL) shows a negative allometry 

•(Figs. 18 & 19), This has been observed for the individuals both 

from the pond and stream. 

The ratios between head and eye diameter ( H / E D ) | Head and 

pectoral fin length (H/PF) and hetweer inter-orbital width and 

eye diameter (IOU/ED) were examined to see whether or not, they 

Vary with increase in size of the fish. The results are tabulated 

in Tables 11 & 12. 

BIOMETRIC INDEX IN C_. STEWARTII AND C_. PUNCTATUS : 

For a'ach character, a mean biometric index for each 10 mm 

length groups was calculated to see whether it is constant or 

varying ujith increase in size of.̂ the total length (Tables 16&17). 

In the present study it has been observed that the growth of the 

head, dorsal fin and standard length in relation to the total 
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TABLE 16 

MEAN BIOMETRIC INDICES IN DIFFERENT LENGTH GROUPS OF CHÂ NNA' 
STEWARTII 

Lenqth qrouDS 
Ratios 

TL/SL 

TL/H 

TL/BD 

TL/DF 

TL/IOW 

TL/ED 

H/ED 

lOW/ED 

H/PF 

36-45mm 

1.24 

4.50 

6.92 
2.00 

8.00 

18,00 

4,00 

2,25 

1.33 

46-55mm 

1.23 

4.36 

6.40 

2.08 

8.80 

19.59 

4.48 

2.22 

1.29 

56-65mm 

1.21 

4.41 

7.12 

1.97 

8.76 

25.90 

5.86 

2.95 

1.29 

66-75mm 

1.22 

4.25 

6nOD 

2.00 

8.80 

22.00 

5.16 

2.50 

1.29 

76-85mm 

1.18 

4.41 

6.58 

1.88 

9.02 

21.84 

4.94 

2.42 

1.25 

B6-95mm 

1.23 

4.52 

7.03 

2.06 

9.50 

2̂,6*38 

5.83 

2.77 

1.31 

TABLE 17 

MEAN BIOMETRIC INDICES IN DIFFERENT' LENGTH GROUPS OF CHANNA 

Length groups 
Ratios 

, TL/SL 

TL/H 

TL/BD 

TL/DF 

TL/IOW 

TL/ED 

H/ED 

IOW/ED 

H/PF 

. 28-37 mm 

1.33 

3.50 

5.83 

2,33 

9.03 

17t>50 

5.00 

1.93 

1.60 

PUNCTATUS 

38-47 mm 

1.22 

4.05 

7.04 

2.33 

8.86 

21.50 

5.30 

2.42 

1.53 

48-57 mm 

1.19 

4,00 

6.70 

2.16 

9.13 

20.38 

5.09 

2.23 

1.44 

58-67 mm 

1.21 

3.87 

6,20 

2.21 

7.75 

20.66 . 

5.33 

2.66 

1.33 
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length in C_, s,b_̂ êujartii_ and £, punctatus are isometric or in other 

luords it exhibits a constant index (Figs. 20 & 21 ). The growth 

of the body depth in both C_» steaiartii and C. punctatus and in­

ter-orbital midth in C_. £JJiic_ta_t'..uj, in relation to total length, . 

illustrates positiv/e allometry ujhereas, eye diameter in relation 

to total length both for C_, st.eiuartiî  and C_. punctatus shoujs a 

negative allomatrye Intar^orbital luidth in relation to total 

length for C^, s,t_ejju_art̂lî  unlike others also shoujs negative allo° 

metry. The ratios ujere examined betiueen head and eye diameter, 

head and pectoral fin and inter-orbital ujidth and eye diameter 

to see ujhether they vary • .. with increase in size of the species 

studied. or not ? 

LENGTH - WtlGHT RELATIONSHIP 

LENGTH=^WEIGHT RELATIONSHIP IN G_. GACHUA i 

The entire length weight data of 'Cj-i_a_rmâ  qachua was pooled 

into a single equation which was calculated to be : 

Log Y = -5,2609 -i- 3,1821 log TL (limnophilic specimens) 
r = 0,9963 

Log Y = -5.7104 + 3.3942 log TL (Rheophilic specimens) 
r = 0.9692 

where? Y = Total weight and X = Total length. A. high correlation 

between length and weight has been indicated by the correlation 

coefficient. This high value is an index of the reliabilities of 

the observations. The derived parabolic equation for limnophi­

lic specimens is as follows :-

W = 0.000005483 L̂ «''S21 

and for rheophilic individuals 

W = 0 ,000001945 l̂  3.3942 
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Since the "b" values are 3.1821.and 3.3942 in the specimens from 

the pond and stream respectively, indicates that it follouis clo­

sely the cubic lauj for isometric groiuth. 

On' plotting the ooserved average ujeight of the species 

(£.• Qachua) collected from both the systems, against the average 

observed length, a parabolic curve has been obtained (figs. 22 & 

23). A logarithmic grcaith prepared with the above data shou/ed a 

straight lino relationship (rigs. 22 & 23). 

LENGTH-WEIGHT RELATIOMSHIP IN e_. GACHU-A DURING DIFFERENT SEASONS: 

The length'-Lueight relationship was calculated during the 

different seasons to see the seasonal impact on the relationship. 

Summer and uiinter are the seasons taken into consideration as the 

other season are not distinctly marked and merge into these in 

this part of the country. The various.regression equations have 

been tabulated in Table-18. It is evident from the results that 

the values of regression coefficient tend to be high during the 

summer season in the species from both the systems i.e. pond and 

stream. 

LENGTH-U'EIGHT RELATIONSHIP IN JIJUENILES QF C_. GACHUA : 

The length-iueight relationship in juveniles is based on 

fishes ranging from 18,25 mm to 48,36 mm (Pond individuals) and 

14.0 mm to 54,5 mm (stream individuals) in total length. The re­

gression equation for juveniles were estimated to be ; 

Log W = -4.8503 + 2.8743 log TL (Pond individuals) 
r = 0,9982 

Log W = -5,6768 + 3.3667 log TL (stream individuals) 
r = 0,9028 

The parabolic equation were determined to be : 
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VJ = 0.00001409 \. '•̂ '3?-4̂  for lirrinophilic specimens and 

VI = 0.000002104 L ^•*^^^'^' for rheophilic ones. 

The exponential index (b) for the specimens collected from pond 

ujas less than "three" (2oB743) which reveals that the u/eight of 

the species during the juvenile stage is lighter in relation to 

its length unlike the specimens from the stream. 

LEIMGTH-ICIGHT RELATIOWSHIPS IN ADULTS OF C_. GACHUA ..; 

The length-ujeicht relationships in adults is based on the 

specimens ranging from 52.1 .mm to 81.5 mm and 58,0 mm to 120.0 

mm from the pond and stream respectively. The regression and the 

parabolic aquations are : 

• Log W = -6.1297 + 3.6456 log TL (Pond population) 

r = 0,9945 
3.6456 

and 

uj = 0.0000007413 L̂  

LogW = -5.5723 + 3.3247 log TL (Stream population) 

r = 0.9978 

LU = . 0,000002673 L 3.3247 

A high correlation beciueen total length and body a/eight is indi­

cated by the correlaticn coefficient. The "b" values were found • 

to be slightly higher than three (Table 18) aihich shows that the 

individuals are heavier in relation to its length, 

LENGTH-WEIGHT RELATIONSHIP IN C_. STEW ART 11. AND 0. PUNCTATUS ; 

For interspecific comparisons in the length-ujeight rela­

tionship in Channids, C_. punctatus collected from the^ pond and 

S.* steujartii from the stream have been taken into consideration. 

The regression yquatians, correlation coefficient and 

exponential indices have been tabulated in Table 19, The,results 

obtained during the present study indicates that the exponential 

Values (b) in C_, pjjncj:_atu_3 and C_, steiiiartii are less than "3". 

which indicates that their growth i'a?s allometric unlike C. qachua. 
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LENGTH FREQUENCY DISTRIBUTIQM OF C., GACHUA 

To find out the length frequency distribution, a graph 

(Fig.17) has been prepared by converting the frequencies into 

percentages and plotting the same against the respectiue length 

groups. The frequency polygon for the entire period of study as 

shoujn in Fig,17. uuhich indicates the presence of tujo distinct 

modes, the first at 21-25 ram length group in both the population 

and the second at 46-50 mm in the pond population and 91-95 mm 

length group in the stream population. 

^ CONDITION FACTOR 

MONTHLY FLUCTUATIONS OF CONDITION FACTOR IN C_. GACHUA : 

Monthujise averages of ponderal index of entire one year 

has been calculated to elucidat3 the seasonal fluctuations and 

is tabulated in Table 20. The "K" values shoujed a steady rise 

from the month of October to attain a peak during July in the 

limnophilic specimens (Fig. 2AB). In the case of specimens from 

the stream there uuas a rise from December oniuards attaining a 

peak in April (Fig, 24&), From August, the values dropped douun 

to a minimum In both the pond and stream (Table020). It has 

also been observed that the species (C_. qachua) from b,oth the 

systems attain a small peak during the year i.e. from April to 

Ouly, ujhereafter the "K" values crop abruptly, 

SEASONAL FLUCTUATIONS OF CONDITION FACTOR IN DIFFERENT LENGTH 
GROUPS : 

In the present study, the condition values at different 

lengths showed that condition of the smallest size group is 

mdch higher (Fig, 2 4 A ) , which indicates that juveniles have 

better condition factor. 



TABLE 2D 

MONTHLY FLUCTUATIONS IN THE CONDITION FACTOR OF 
CHANNA GACHUA 

. MONTHS POND STREAM 

SEPTEMBER 
OCTOBER 
NOUEMBER 

DECEMBER 
OANUARY 
FEBRUARY 
MARCH 
APRIL 
MAY 
3UNE 
OULY 
AUGUST 

TABLE 21 

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

0,977 
0 .710 
0 .925 
0 .989 
0 .980 
0 .972 
0.941 
1.015 
1.009 
1.015 
1.161 
0 .862 

1.016 
0 .950 
0 .918 
0 .900 
0 .937 
0 .987 
1.000 
1.206 
1.060 
1.019 
1.182 
0 .904 

LENGTH-GROUPS mm 
— — — 
16 .0 

2 1 . 0 

26 .0 

3 1 . 0 

3 6 , 0 

4 1 . 0 

4 6 . 0 

51 .0 

56 .0 

61 .0 

66 .0 

7 1 . 0 

7 6 . 0 

8 1 . 0 

8 6 . 0 

91 .0 

126.0 

— ——.-=-=• — — 
- • 20 .0 

- 25 .0 

- 30,0 

- .35.0 

- 40 .0 

" 45 .0 

- $0 .0 

- 55.0 

" 60 .0 

- 65 .0 

- 70 .0 

- 75 .0 

- 80 .0 

- 85 ,0 

- ?0 .0 

- 95.0 

- 110.0 

POND 
— - » _ „ „ - _ 

1.041 

0 .992 

0 .824 

0.894 

0.886 

0.938 

0.917 

0.988 

0.955 

1.030 

1.102 

1 .259 

1.321 

1.164. 

-

-

»m 

STREAM 
— _ - « « _ - » _ . 

0 .771 

0.893 

0,819 

1 .019 • 

0 .941 

1.014 

0.876 

1.010 

1 .060 

1.029 

1.002 

1.051 

0.993 

1.212 

1.200 

1.100 

1.273 

- . -» 
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With the increase in length, the condition of the species 

falls steadily upto a length of 26-30 mm both in the case of 

stream and pond population. In the next size group (i.e. 31-35 

mm) there is a sudden rise in the condition factor, reaching a 

peak at 76-80 mm length group in the case of individuals from 

pond and 81-85 mm length group for stream specimens (Fig, 24.A). 

The "K" v/alues after reaching its peak in 31-35 mm length 

groups (Table- 21 ), the groaith seems to be someujhat cyclic in 

nature. Each peak is folloujed by a decline in the condition fac­

tor and gradual recovery. 

MATURITY AND SPAWNING IN _C. GACHUA 

MATURITY STAGES : • '' 

The various maturity stages observed are summarized in 

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

CYCLE OP MATURATION :; 

Ovary condition progressed from immature Stage I from 

February to maturity- (Stage 1\J) in Oune and reproduction (Stage 

\1) in July-August. The Stags \Jl (spent) ujere recorded in the 

individuals which appeared during August-September and luere found 

to be present till October-November. This indicates that spau;-

ning occurs in Ouly and August. The ovaries in the specimens 

collected from August onujards urare shrunken, small and degenera­

ted vuith dark coloured ova, reflecting the post-spaujning season. 

OUA-DIAMETER- STUDY : 

The various stages in the ovarian development of mature 

C_, qachua are given 19) TableG22. The ova-diameter study revealed 

six stages of maturity. These stages mere in agreement ujith 
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those delineated nnacrosccpically fc.l.loiuing the classification of 

Nikolsky (1963). Th e ov/aries of the species frombpth the popu" 

lation u/ere found to contain only one batch of maturing ova clea-

rly demarcated from the immature stock. The size of the mature 

ova in Stage l\J fanged from 0.64 to 0.74 mm. No ova of interme­

diate size betujeen small, and big Co''-̂' mature ova could be 

observed. The spent ovary contained degenerating ova in different 

stages of maturity, 

GGNADO-SDMATIC INDEX : 

The condition of gonads is inJicative of the breeding 

season of fish (Sinha, 1975). Seasonal changes in the coefficient 

of maturity of female has been presented in Fig, 25. The same 

could not be calculated in the case of males because of their 

irregular availability during che luhole year. 

Gonado-somatic index increased progressively from February 

onujards (Fig, 25) reaching its maximum (l,54) in 3uly for the 

specimens from the stream. In the pond population, Gn.S. I.shoujed 

appreciably high value during September, whereafter the values 

shoujed a decreasing trend in October, November and December (Fig, 

25), In August, the Gn.S,I, values dropped doiun to 0.27 and 0.18 

in stream and pond population respectively. High values of Gn'.SJ. 

have been recorded during Nay to Oune Luhich indicates that the 

spawning season ranges from Nay to July (TablBjA22). 

Plotting the Gn.S.I, values against different length 

groups (Fig, 26) indicates that there is a definite tendency for 

the Gn.S,I, to increase with the increase in total length from 

41°45 mm (Pond) and 51-55 mm (Stream) onwards till it reaches 

the maximum in 71-75 mm and 91-95 mm length groups in the 



TABLE 22 

STAGES IN THE OVARIAN DEVELOPMENT, RANGE OF OVA-DIAMETER AND 
MEAN GONADO-SQMATIC INDEX ( G n . S . I . ) IN CHANNA GACHIJA. 

DEGREE OF MONTHS OF RANGE OF MEAN • 
DiHbt.5 MATURATION HHHLHttHULL AVAILABI - O V A D I A - G n . S . I . 

LITY METER (mm) OF POND 
& STREAM 

I Immaturg Ova t ranaparsn t February 0,184 to 0,80 
and yolkless to March 0.272 

II Resting Translucent, March to 0.280 to 1,50 
April 0.520 

III Maturation Translucent and May 0.560 to 1,45 
yolkless. 0.629 

IV Maturity. Oua large and June 0.640 to 1,61 
fully yolked 0*720 

V Reproduc- Oua large and July to 0.744 to 1.54 
tion free from each August 0772 

0{ther, 

VI Spent Shrunkens,small September 0.200 to 1.30 
and degenerated to Octo- 0,280 
dark coloured ber 
ova, together 
ujith transparent 
ovary, 
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specimens collected from pond and stream respectiuely and then 

drops to lower levels. 

SPAWNING SEASON : 

As mentioned earlier, spamning activity in fishes can be 

classified into four types. Observations based on the data on 

maturity studies of £, qachua indicate that the fish belong to 

the Type-I of the categories stated (as indicated in Materials 

and MBthcds)r 

The cycle of maturation already described earlier pro­

vides a good indication of the extent of the development of 

ovaries aiith respect to the time of the year..Ovary condition 

progressed from immature stage I from February to maturity 

(stage lU) in Dune and reproduction (Stage \l) in Ouly-August, 

indicating that spaiuning occurs during Dune to August, 

SIZE AT FIRST MATURITY : 

No immature specimens of C. qachua a/ere encountered dur­

ing the breeding season. It has been observed that all the spe­

cimens beloLU 36,0 and 41 ,0 mm from ths pond and the stream res­

pectively, ujere found to be immature. It is clear from Fig. 27 

that 50% of the specimens, mature at length group of 51,0-55,0 

mm in both the pond and stream population and practically all 

were mature at 61.0-65.0 mm and 66,0-70,0 mm size group onu/ards 

in the pond and stream population respectively, 

FECUNDITY 

In G_, qachua individual fecundities varied considerably 

from individual^to individual and ranged from 243 eggs in the 

specimens measuring 77,0 mm in total length and weighing 4,395 
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gms in total weight to 1523 eggs in those measuring 87o0 mm in 

total length and 8.624 gms in total weight for individuals from 

the stream (TableD23). In the individuals from the pond, the 

fecundity varied from,160 eggs in the specimen measuring 60,0 

mm in length and lueighing 2e184 gms to 1170 in the specimens 

measuring 96,0 mm in length and 10,15 gms in ujeight (Table 24). 

The relationshiip betiueen fecundity and total length, 

fecundity and total weight, fecundity and ovary weight and total 

length and ovary weight have been calculated and presented in 

Fig, 28A to F. 

(I) Fecundity versus total length : On pJotting the fecundity 

values against the total length (Fig, 28E i F ) , a curvilinear 

relationship has be-en observecj-which indicates that the number 
Co' 

of eggs increased with the increase in length. When expressed 

logarithmically, it g&ve a straight line relationship which in­

dicates that the number of eggs in the ovaries increase in por-

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

Log F = -2,0600 + 2,5490 log TL (r = 0,8657) for pond 
population; and 

Log F = -5.2465 + 4.1751 log TL (r = 0.7427) for stream 
population, 

The correlation coefficient were found to be quite high in both 

the cases thereby indicating a high degree of positive correla­

tion (P < 0,01 ) between the two parameters. The relationship r̂.Z":̂  

between fecundity and length from both the pond and stream pop­

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

(II) Fecundity versus Body weight : The relationship between 

fecundity and body weight was found to be curvilinear for both 

the populations (Fig. 28A & B ) , On plotting the log values for 
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body lueight and fecundity, ^ straight line relationship has been 

observed and the derived regression equations are J-

Log F = 2.1628 + 0.8706 log W (r = 0.880) for the Pond 
population^ and 

Log F = 1.7740 + 1.2320 log W (r = 0.781) for the Stream 
population. 

The correlation coefficient values oiere found to be significan­

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

(ill) Fecundity versus Ovary uieight : Regression analysis indi­

cated significant relationship between fecundity and ovary 

weight. The equations describing the relationship are :-

Log F = 3.2718 + 0.5084 log OW (r = 0.9361) for the Pond 
population; and 

Log F =3,4211 + 0.6924 log OW (r = 0.8628) for the Stream 
population 

High 'r' values in both the cases indicate high correlation 

(P < 0,01), Fecundity, plotted against ovary weight revealed a 

linear trend (Fig. 28C & D)," 

(11/) Total length versus Ovary weight : The mean values of total 

length and thair respective gonad weight were arranged to estab­

lish the relationship between these parameters. Like other para-

meterSj, logarithmic representation gave a straight • line (Fig. 

29A & B ) and showed an-increasing trend in gonad weight with the 

increase in the body length. The regression equations are i-

Log Y .= -6.0186 + 2.7389 log X (r =0.9218) for the Pond 
population; and 

Log Y = -8.8250 + 3.9540 log X (r = 0.7760) for the Stream 
population. 

High correlation of coefficient in both the cases has been com­

puted which shows a high correlation (P < 0,01 ) between these 

parameters, 



TABLEC) 23 
FECUNDITY IH THE STREAH POPULATION OF CHANNA GACHUA-

TOTAL LENGTH 
(mm) 

67 ,0 

7 0 . 0 

7 7 . 0 

7 8 . 0 

8 2 . 0 

8 4 . 0 

8 7 . 0 

9 2 . 0 

96 .0 

BODY 
WEIGHT 

(gm) 

3 .10 

3 .45 

4 .39 

4 .94 

6 .54 

7 .12 

8 .62 

9 .61 

9.11 

OUARY 
WEIGHT 
(gm) 

0 .050 

0.043 

0.025 

0 .075 

0,108 

0 .150 

0.247 

0.250 

0.207 

FECUNDITY 

318 

251 

243 . 

547 

333 

862 

1523 

583 

1125 

RELATIVE 
FECUNDITY 

102 ,5 

7 2 . 7 

55 .2 

110 .7 

50 .8 

120 .9 

176.6 

60 .6 

123 .4 

TABLE 24 

FECUNDITY IN THE POND POPULATION OF CHANNA GACHUA 

TOTAL LENGTH 
(mm) 

4 8 . 0 

53 .0 

5 4 . 0 

58 .0 

6 0 . 0 

6 1 . 0 

62". 0 

72 .0 

8 2 . 0 

96 .0 

BODY 
WEIGHT 

(gm) 

1.13 

1.38 

1.78 

1.86 

2.18 

2.65 

2 .45 

4 .70 

6.42 

10 .15 

Ol/ARY 
WEIGHT 
(gm) 

0 .010 

0.013 

0.017 

0.015 

0 .012 

0 .040 

0.028 

0.150 

0.200 

0.300 

FECUNDITY 

275 

229 

252 

175 

160 

276 

343 

513 

1040 

1170 

RELATIl/E 
FECUNDITY 

243.3 

165 .7 

141 .0 

93 .9 

7 3 . 2 

104 .1 

140 .0 

109 .1 

221 .2 

115 .2 
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RELATiUE FECUNDITY : 

Data on ralative fecundity has been presented in Tables 

23 & 24» Relative fecundity ujas found to be higher in the pond 

population (140,67) whereas, in the streafp population, it showed 

relatiuely less value (97.044). 

FOOD AND FEEDING HABITS 

COMPOSITIONOF GUT CUNTtNTS : 

Different percentage composition of each food items in in­

dividuals both from the pond and stream have been summarized in 

Table-25. Food elements found in the digestive tracts of all 

the specimens examined have been, arranged in four broad groups, 

i.e. (l) Detritus (ll) Vegetable matter (lH) Phytoplankton and 

(lU) Zooplankton (Fig. 30A &• B ) . 

(I) Detritus : It is seen that this group formed 61,8 and 57.3 

percent of the diet in the gut for pond and stream individuals 

respectively and these ranked as the most preferred food item 

(Fig. 30A & B ) . 

(II) Vegetable matter ; This group figures next in order of pre­

ference, forming a total of 2.S.,3% in the gut of the pond indi­

viduals and 25.8/S in the stream ones. 

(III) Phytoplankton : It was represented by Chlorophyceae and 

Bacillariophyceae members. 

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

Scenedesmusi Spirogyra; Zyonema; Mouqoetia; Phacus; Gymnogyga? 
• • • • • • • \ 

Pediastrum; l̂ icrospors; Ulcthrix; Botryococcus-; Hyalotheca; 

Netrlum; Pinnullaria; Closterium; Cosmerium; Euastrum; Pleuro-

taenium; Penium and Desmidium. Of these, Spiroqyra was found to 

be the most abundant, next being Ulothrix in the fishes from 
the streams, f? ) 

\5 
4^:'~r\ whereas in the pond population, 



141 

it ujas MouQoetia* Chlorophyoeae made up to 2.94^ and 8,95/S for 

pond and stream individuals ^GSPtacti\/ely^ 

(b) Bacillariophyceae : The diatom present in the guts u/ere 

represented by the folloujing genera :- Synedra; Mavicula« 

Diatomat Nitzschia: Fraqillaria; Amphorae Cyclotella; Caloneis 

and Tabellaria in varying percentages and formed only 3.22^ and 

6.44^ in the individuals from the pond and stream respectively. 

IMavicula uuas found to be the most abundant in both the cases. 

(IV) Zooplankton : In the gut of the species, zooplankton comp­

rised of Cladocera, Copepoda and Rorifera. Their percentage com­

position in the gut contents were found to be 5,55^ (pond indi­

viduals) and 1 ,4?S (stream individuals). Copepoda being the most 

abundant, follouied by Rotifera anci Cladocerg, 

Copepoda comprised of Cyclops and their nauplii Rotifera oras 

was represented by Brachiounus afd Chromogaster. Among Cladocera 

Chydorus. Bosmina, Daphnia. Eurycercus and Alonella u/ere found 

in l̂ he guts* 

.Apart from these. Crustacean eggs oiere also present in the 

gut contents. The rest of the gut contents ujhich comprised of 

0.27 in the. pond specimens and 0.031% ir the stream specimens 

could notobo identified as they luere partially digested, hence, 

kept in a separate group "unidentified materials". 

RELATIl/E IMPORTANCE OF FOOD ITEMS : 

The relative importance of the major food items for the 

whole year has been shown in Fig. 30, It is evident that the 

largest component of the diet was detritus which accounted for 

61.8 and .57.3% (for pond and stream individuals respectively). 

Next in order of. preference was vegetable matter making up 26.3 

and 25.8% for pond and stream individuals respectively. Monthly 



TABLE 25 

GUT PERCENTAGE OCCURRENCE 
OF CHANNA GACHUA FROM 

D e t r i t u s 
• V e g e t a b l e m a t t e r 

CHLOROPHYCEAE 

Scenedesmus 
S p i t o g y r a 
M o u g o e t i a 
Zygnema 
Phacus 
Gymnogyga 
P e d i a s t r u m 
M i c r o s p o r a 
U l o t h s i x 
B o l y o c o c c u s 
H y a l o t h e c a 
N e t r i u m 
P i n u l l a r i a 
BICILLARIOPHYCEAE 
D o c i d i u m 
S y n e d r a 
N a u i c u l a 
D i a t o m a • 
N i t z s c h i a 
F r a g i l l a r i a 
Amphora 
C y c l o t e l l a 
C a l o n e i s 
T a b e l l a r i a 
DESMJDIACEAE 
C l o s t B r i u m 
Cosmar ium 
E u a s t r u m 
P l e u r a t a e n i u m 
Pan ium 
D e s m i d i u m 
CLAOQCERA 
C h y d o r u s 
Bosmina 
D a p h n i a 
E u r y c s r c u s 
A l o n e l l a 
COPEPOD 

C y c l o p s 
N a u p l i i 
C r u g b a c e a n e g g 
ROTiFERA 
B r a c j n i o n u s 
C h r o m e g a s t e 
U,. P., M, 

OF DIFFERENT FOOD ITEM I N THE ( 
THE POND AND STREAM POPULATIOf 

% AGE OCCURRENCE 

POND 

61 . 8 6 
2 6 i 3 5 

0 . 0 1 5 
1 . 4 0 
0 . 3 9 6 
0 . 2 0 7 
0 . 0 0 4 
0 . 0 0 6 
0 . 1 2 5 
o.o;i2 
0 . 2 0 
0 c 0 2 2 
U.26 
0 , 0 1 2 
0 . 0 5 3 

0 . 0 0 4 5 
0 . 5 0 
1 . 9 1 -
0 . 3 2 5 
0 . 0 7 6 
0 . 1 3 8 

-
-

0 . 2 6 1 
0 . 0 1 5 

0 . 0 1 5 
0 . 0 9 
0 . 0 9 5 
0 . 0 0 5 
0 . 0 0 7 
0 . 0 2 

0 . 0 0 9 4 
0 . 0 1 2 
0 . 1 0 
0 . 0 0 5 
0 . 2 7 

1 . 6 9 
0 . 0 0 7 
1>,UG 

0 . 1 , •••••• 

0 . 0 2 8 
0 . 2 7 

STREAM 

5 7 . 3 2 
2 5 , 8 7 

-
3 . 6 2 
1 . 2 6 
0 . 0 1 3 

-
-
= 

0 . 4 4 ' 
2 . 4 8 9 

-
0 . 6 7 6 

-
0 . 2 2 8 

0 . 0 1 9 
0 . 9 0 
3 . 8 7 8 . 
0 . 1 2 7 

-
0 , 6 3 6 
0 . 0 5 6 
0 . 0 7 4 
0 . 7 1 9 

• 0 . 0 3 9 

0 . 0 5 9 
-
M» 

~ 
0 . 0 2 1 
0 . 0 5 1 

mm 

-
-
mm 

0 . 0 3 9 

0 . 7 3 3 
0 , 0 1 7 
0 . 6 4 1 

-
-

0 . 0 3 1 
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Variations in the relatiue imporcance of the major components 

of the diet ars giuen in Fig. 31» 

SEASONAL FLUCTUATIONS IN THE FOOD COI^POSITION : 

The percentage composition of each item of food in the 

diet of the fish during different ^months of the year has been 

enumerated in Tables 26 & 27, from ujhich it can be seen that 

there are very slight variatiohsr Detritus formed a major part 

of the food item throughout the year. The fluctuations in the 

percentage composition ranged from 54.24 (December) to 68,9 

(April) and 48.64 (September) to 71.63 (June) in individual's 

from stream and pond respectively. 

V/egetable matter made up from 20% (Duly) to a maximum of 

32.57% (August) in the fish from stream. In the pond individu­

als, the percentage composition ranged from 18,9 (3uly) to 32.03% 

(September), being the second mcst important component of the 

diet, Maxiruum quantities cf Chlorophyceae members ujere found in 

the months of November (for pond individuals) and December-(for 

stream individuals). It's percentage composition ranged from 

0.02;% to 17,71 •% in November, For tha individuals, from the 

stream percentage composition ranged from 1.66% (November) to 

'\3,n% in February, 

Highe'st percentage of diatoms mere recorded during Sept­

ember and October and the percentage compo.sition ranged from a 

minimum of 0,8 (July) to 4.37 (September) in the specimens from 

the pond. But in the individuals from the stream, the percentage 

composition luere found to be 1.71 (August) to 12,86 (r^ay). 

The zooplankton population varied in its percentage com­

position from 0,78 (February) to 14,62 (Ouly) in the guts of the 
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individuals from the pond, nvclpps luera found to be the most do­

minant food itam among zooplankton, follo'jjed by crustacean eggs, 

Alonella and Brachionus* Among the stream individuals, zooplank-

,ton composition ranged from 0,23 in February to 6,49 in Septem­

ber. Cyclops Luere found to be the most dominant follouued by 

crustacean eggs, Nauplii, Alonetla, etc. 

It can be seen from Figo 31 that there mere slight varia­

tions in the major components of the diet, but on the luhole, 

Detritus and vegetable matter uuere found to be the most prefe­

rred food item, representing 60-80^ of the diet, throughout the 

period of the study. 

FOOD COMPOSITION OF UARIOUS SIZE GROUPS : 

The data on the gut contents of various size groups have 

been presented in Tables 23 & 29 and the percentages of occurr­

ence of their groups are depicted in Fig, 32. Salient features 

of the observations are dGscribed below :-

SIZE GROUPp I (10-29 mm) :- In the pond individuals, Detritus 

constituted 60,27^ of the gut contents. Next in the order of 

abundance ujas vegetable matter (28.53^). Chlorophyceae and Bac-

illariophyceae were represented by 2.32 and 0,86% respectively. 

The various members of Chlorophyceae and Bacillariophyceae found 

in the guts are tabulated in Tables 28 & 29, Zooplankton consti­

tuted 7.39^. Stream individuals of the same size groups ahouued 

the presence of Detritus making up 65.82^ and 30-31^ vegetable 

matter. Chlorophyceae among phytoplankton and zooplankton were 

found to be absent. Bacillariophyceae made upto 3,19% of the 

total gut contents being represented by Synedra sps. only. 
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SIZE GROUP. II (30-49 mm) : In this size group, detritus was 

represented by 61,33^ of tha gut contents and \/egetable matter 

by 26»16^, Among phytoplankton, Chlorophyceae consisted of 1,46% 

and vi'as found to be the richest qualitatively. Bacillariophyceae 

made up 2«68% and ujas represented qualitatively by the maximum 

number of genera. Zooplankton luas found to be 8.19% and showed 

the presence of maximum number of genera, the most dominant be­

ing Crustacean eggs among the zooplankton in the individuals 

from the pond (Table 29)<, 

In the stream fish, percentage of Detritus was found to 

be 65«51%o Vegetable matter was next in order of preference, 

making up 29,36% of the total, gut contents. Chlorophyceae and 

Bacillariophyceae were 2.48% and 1.11% respectively. Zooplankton 

comprised of 1.20% in the total :;:ut contents, 

SIZE GROUP III (50-69 mm) ; In the pond individuals, Detritus 

constituted 60.23% and vegetable matter by 28,53% of the total 

gut content. Chlcrophyceae and Bacillariophyceae represented by 

0,38% end 2.93% respectively. Zooplankton made up 7.96% of the 

total gut contentso 

In the individuals fron; the stream. Detritus was found 

to represent 54.89% and vegetable•matter by 25.5%, of the total 

gut content (Tabla'-29)c The members of Chlorophyceae were 10,84% 

and sho\iigd the presence of a large number of genera. Filamentous 

algae were found to be the most abundant in the guts. Bacillar­

iophyceae comprised of 7c,64% and zooplankton 0.99% of the total 

gut contents. 

SIZE GROUP. 11/ (70,39 mm) ? In the specimens of this size groups 

from pond. Detritus comprised of 64.12%, vegetable matter of 



TABLE 28 

PERCENTAGE FREQUENCY OF OCCURRE.'JCE OF DIFFERENT FOOD ITEMS IN 
DIFFERENT SIZE GROUPS OF CHANNA GACHUA FROM THE POND 

10-29mm 30-49rnm 50-69mm 70-89mm 

Detritus 
V/egetable matter 
Scenedaamus 
Spiroqyra 
Zygnsma 
Mougoetia 
Phaeus 
Gymnogyga 
Pediastrum 
Ulothrix 
Botryococcus 
Natrium 
Pinnular'ia 
Dociidium 
Synedra 
Nauicula 
Diatoma 
Nitzschia 
Fragillaria 
Caloneia 
Closterium 
Cosmarium 
Eaustrum 
Pleurataanium 
Penium 
Chydorus 
Bosmina 
Daphnia 
Eurycercua 
Alonella 
Cyclops 
Nauplii 
Crustacean egg ^ 
Brachianus 
Chromogaster 
U. P. n. 

60.27 
28.53 • 

-

0.25 
-

1.56 
0.03 
0.03 
-

0.33 
-

-

-
«> 

0.06 
0.75 
-

-

0.05 
• ^ 

0.06 
0.06 

•a 

«« 

a> 

-

0.03 
0.57 

mm 

1.87 
2.95 
-

1.87 
0.09 
-

0.59 

61.33 
26.16 
0.03 
-

0.26 
0.34 

*<•• 

0.003 
0.24 
0.183 
0.046 
-

0.024 
0.009 
0.23 
2.038 
0.24 
0.074 
0.1 
-

0.03 
0.113 
0.167 
0.011 
0.007 
0.082 
-

0.02 
0.01 
0,S0 
2.97 
0.007 
4,33 
0.121 
0.056 

1.0096 

60.23 

2B,53 
-

-

0,26 
0.047 
W 

mt 

mm 

**• 

-

-

0,045 
mm 

0.28 
1.93 
0.33 
0.045 
0.247 • 
-

-

-

0.03 
-

-

-

-

-

-

0.114 

2.74 
-
5.05 
0.06 

• • 

** 

64.12 
31.85 

-

0.446 
0,146 
-

-
«* 

-

-

-
•n 

— 

-

-

1.34 
0,446 
0.496 
-

-
« • 

-

-

-
« • 

-

0,236 
-

-

-

0,236 
mm 

-

-

0 .1 63 



TABLE 29 

PERCENTAGE COflPOSITION OF THE GUT CONTENT IN DIFFERENT LENGTH 
GROUPS OF CHANNA GACHUA FROM THE STREAM 

10-29 
mm 

30-49 
mm 

50=69 
mm 

70-89 
mm 

90=109 
mm 

110-129 
mm 

Oet-ra-tuac) 
^̂ . mate.rail 
Spirogyra 
Zygnema 
Mougoetia 
Microspora 
Ulothrix 
Hyalothaca 
Pinnullaria' 
Synedra 
Nauicula 
Diatoma 
Fragilaria 
Amphora 
CyclotBlla 
Caloneis 
Tabellaria 
Clostsrium 
Penium 
Dssmidium 
Alonella 
Cyclops 
Nauplii 
Crustacean e 
-U. P. M, 

65.82 
30.37 

-

= 

-
« • 

-

-

-

-

3.79 
tm 

« • 

M» 

mm 

-
«• 

-

-

-
mm 

-

-

ggs -
mm 

65.51 
29.36 
1.81 

mm 

-

-

0.67 
• -

• -

0.24 
1.11 
-

-

-

-

= 
-

-

-

•' 

-

0.8 0 
« • 

0,46 
•a 

54.89 
25.51 
2.90 
0,96 
0.52 
1.13 
4.90 
-

0.15 
1.84 
3.55 
-

0.44 
« • 

Mi 

1.71 
0.10 
0.15 
-

0.13 
0.10 
0.69 
0,04 
0.16 
0.046 

51.57 
26,81 
9.33 
0,137 
-

-

1.72 
-

0.75 
-

5.95 
0.50 
1.06 
0,22 
-

.0,20 
mm 

-

0,08 
. 

-

0,55 
-

1.01 
0,05 

47.23 
19.61 
1.97 
-

-

-

-

10.74 
-

2.02 
10.22 

-

6.73 
-

1.19 
«M 

-

-

-
m. 

-
mm 

-
0.26 

58.30 
28.45 

-
mm 

^ 

- • 

m 

- • 

-

.-

-

-

-

«n 

-
M 

-

-
• • 

-

5.69 
-

7.31 
. -am 
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31.85^ and Chlorjphyceas ana Bacillariophycsae of 0.59% and 

2.78^ respectively. ZooplanKton consisted only 0.47^ of the gut 

contents. In the atreem fishes, detritus and vepetable matter 

comprised of 51.57 and 26i8-\% r3sp9cti\/Rly of the gut contents. 

Chlorophyceae shoiued tha presence of 12.01^ and Bacillariophy-

ceae 7,93%, whereas Zooplankton luas represented only by 1.56%. 

SIZE GROUP,--V (90-109 moi) : Individuals of this size group u/ere 

present only in the streairî  in these, the detritu? and uegetabls 

matter comprised of - A7,2.3% and 19,01% of the total gut contents. 

Chlorophyceae membera made upto 12«v'!%« The members of the 

Bacillariophyceae were found to be present in maximum numbers in 

this size groups (20»16%,),, iMavicula being the most common (10.22%), 

Fraĉ i 13 aria . f 6.73%). Cyclotella (l»19%), Zooplankton luere only 

0.26% of the encire gut contents. 

SIZE GROUP UI (110-129 mm) : Amonc the individuals of this 

group, detritus and usgetabie matter made upto 58,3 and 28.45% 

of the gut contents.. Chlorophyceae and Bacillariophyceae members 

luere marked by a complete absence. Zooplankton made upto 13%, 

of which Cyclops being 5.69% and Crustacean egg 7.31%. 

FEEDING INTENSITY : 

The observations on the feeding intensity, based on gas--

trq somatic index are presented in Fig. 33. On plotting the 

values of gastro-somatic index obtained from total meight and 

dressed aieight, it has been obsBrt«ed that apart from magnitude 

there mas no other difference, hence the G«S,I. values luere 

calculated only Prom the total u/aight of the individuals from 

both the pond and stream (Table 30 & 31). 



151 

SEASONAL UARIATION IN G.S.I. : 

For the pond indiulduals, high feeding intensity uiaa 

found In Septsmber, UctobGr, November, Decembar and 3uly, maxi­

mum being in Novamber and 3uly» As indicated by the results 

(Fig, 33B) rest of the monthe had a reduced feeding activity. 

December oniuards louj G.S.I, values ujere observed. 

In the specimens from stream, high feeding intensity tuas 

found in the months of October, November, February and March, 

whereafter it reduced tb a minimum in August (Fig, 3 3 A ) . Indivi­

duals both from the pond and stream shoiued tuio apparent peaks of 

feeding intensity, one around October, November and the other 

during February (for stream population) and in Duly (for pond 

individuals), 

FLUCTUATIONS IN G.S,.Ie IN DIFFERENT LENGTH GROUPS : 

/ The oboervation of feeding intensity in different length 

group of fishes is shoam in Fig. 33A» It can be seen that for 

the pond individuals high feeding intensity was observed in the 

smaller length groups i.e. from 16-20 mm to 36'-40 mm length 

group, whereafter the feeding intensity was found to be reduced 

with the. increasG in length, 

The stream individuals too, showed comparatively high 

feeding activity in the lower length groups (21-25 mm till 41-45 

mm), whereafter the intensity decreased with the increase in 

length. 

FEEDING IN RELATION TO CONDITION FACTOR : 

"K" and "K^" values for entire and gutted fish respecti­

vely, did not exhibit any marked difference and show more or 

less the same trend. Therefore, only the "K" value (combined 
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sexes) has been taken into considerdtion. The correlation betu/een 

feeding intensity and condition factor (K) hes been shown in Fig, 

34 and the data haua been tabulated in Table 32. 

It is thei-efoi-e, quite clear that bhera is an inverse 

relationship between the feeding intensity and condition factor 

(Table 32). 

The relation between condition Factor and gastro-somatic 

index ih different length groups of fishes has been shown in Fig, 

35, which indicates a clear invex-se relationship both for pond 

and stream individuals, G,S,I. values luere also observed to show 

an inverse relationship with the gonadosorratic index (Table 31 ), 

GUT lENGTH IN RELATION TO BODY LENGTH : 

The length of the gut (V) plotted against the total length 

(x) is depicted in Fig, 36, which cjhows that the length of the 

gut increases in proportion to the total length of fish. The re­

gression equations are !-

Y = 1.9917 + 0,4525 X (Pond individuals) 

Y = 2.4241 + 0,5073 X (Stream individuals) 

The coefficient of correlation '"r* is calculated to be 0.9892 

and 0,9670 respectively for pond and stream individuals. 

WEIGHT OF THE GUT IN RELATION TO BODY LENGTH : 

The regression equations describing the relation between 

the weight of the gut versus total length are :-

Log Y = -6,0186 + 2,7389 log X for pond individuals; and 

Log Y = -2.5483 + G.9537 log X for stream individuals, 

The coefficient of correlation 'r' was calculated as 0,9218 and 

0,6487 for pond and stream individuals respectively. The weight 



TABLE 30 

SEASONAL UARIATIOIMS I N THE l/ALUES OF G. 
FACTOR OF C. GACHUA 

S . I . , G n . S . I . AND 'K • u- » 

MONTHS 
GASTRO 

SOMATIC 
IP^DE'X 

GONADO 
SOMATIC 

INDEX 

CONDITION 
FACTORS G.S.I. Gn.S.I. 'K' 

1978 

4 .20 
4 ,10 
5.81 
4 .12 

3 .50 
2.69 
0.637 
2 .62 
2.68 
1.60 
5.59 
2 .72 

1.53. 
1.14 
0 .34 
0 .75 

•ql 

0.30 
O.BO 
1.20 
1.45 
1.57 
1.55 
0.28 

0.977 
0 .710 
0 .925 
0.989 

0,975 
0 .972 
0.941 
1.015 
1,009 

1,015 
1.161 
0 .862 

3 .05 
4 .60 
6 .55 
0.76 

3 .70 
6.24 
4 .30 
1.68 
2 .35 
1.98 
0.98 
0,45 

-
-

0 .33-
0.18 

^ 

0 .78 
-

0 .91 
1.02 
1.48 
1.54 
0 .25 

1.016 
0,950 
0.918 
0.900 

0.950 
0.967 
1.000 
1.206 
1 .060 
1.019 
1.182 
0,904 

TABLE 31 .,, . 

UALUES OF G.S.I., Gn.S.I. AND «K' FACTORS OF C. GACHUA AT DIFF-

LENGTh 
(-T 

16 ,0 
21 ,0 
26 ,0 
3 1 , 0 
3 6 . 0 
4 1 , 0 
4 6 , 0 
51 ,0 
56 ,0 
6 1 , 0 
6 6 . 0 
7 1 . 0 
7 6 . 0 
8 1 . 0 
8 6 . 0 
91 ,0 

m 

-
MB 

• > 

mm 

-
-
• M 

-
• • -

-
-
-
-
-
" 
-

:ROUPS ) j 
20 .0 
25 .0 
3 0 . 0 
35 .0 
40 .0 
45 .0 
50 .0 
55 .0 
60 ,0 
65 ,0 
70 .0 
7 5 . 0 
8O.0 
85 .0 
90 ,0 
95 .0 

ERENT 

P 0 

G . S , I • 

3 .63 
3 ,13 
5 .00 
3 .55 
4 , 2 1 
2,23 
2 .60 
2 .50 
2 ,84 
2 .30 
1.30 

. 1.70 
1.24 
1.51 

••• 

- • • • 

LENGTH 

N D 

G n . S . I . 

• a 

.0 .58 
0 ,69 
0 .47 

-
0.18 
0 .82 
0 .94 
0 .62 
0 .75 • 

-
3 .19 
2 .87 
3 .11 

-
tsm 

GROUPS 

"K" 

1.041 
0 .992 
0.824 
0*894 
0,886 
0.938 
0.91.7 
0.988 
0.-955 
1.030 
1.102 
1,259 
1.321 
1.164 

-
-

5 q T i ' ̂  
j G . S . I . 

19.73 
17 .56 
13,88 
11 .84 

9 .78 
4 .32 
4 .20 

"•3,10 
0,83 
1 i48 
2^22 
2 ,92 
1.64 
1.22 
2.-;5 
3 .09 

R E A 

G n . S . I . 

. 
1.46 
0 ,69 
0 .34 
0 ,19 
0 ,08 
0 ,18 
0 ,07 
0.,24 
0 ,29 
0 ,87 
0 ,15 
1,22 
1,12 
3 ,02 
3 ,05 

M 

"K" 

0 .771 
0,993 
0.819 
1,019 
0.941 
I . O l u . 
0.376 
1 .010 
1.060 
1.029 
1.002 
1.051 
0.993 
1.212 
1.200 
1.100 



TABLE 32 

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

SIZE GROUP 
(mm) 

N D 

"K" GSI GnSI RLG 

16 
21 
96 
3 ] 
36 
41 
46 
51 
56 
61 
66 
71 
76 
81 
86 
91 

-. 20 
- | 2 5 
- 30 
- 35 
- 40 
- 45 
- 50 
- 55 
- 60 
- 65 
- 70 
- 75 
- 80 
- 85 
- 90 
- 95 

1.041 
0 .992 
0 ,824 
0 .894 
0.886 
0.938 
0o917 
0.988 
0 .955 
1.030 

• 1.102 
1.259 
1.321 
1.164 

-
tm 

3 . 6 3 
3 . 1 3 
5 .00 
3 . 5 5 
4 . 2 1 
2 . 2 3 
2 .60 
2 .50 
2 .84 
2 .30 
1.30 
1.70 
1.24 
1.51 

-
-

B « 

0 .58 
0 .59 
0 .47 

-
0.18 
0 .82 
0 .94 
0 .62 
0 .75 

-
3 .19 
2 .87 
3 .11 

-
mm 

"K" GSI 

A M 

GnSI RLG 

0.771 
0.993 
0.819 
1.019 
0.941 
1.014 
0.876 
1.010 
1.060 
1.029 
1.002 
1.051 
0.993 
1.212 
1.200 
1.100 

19.73 
17 .56 
13.88 
11 .84 

9.78 
4 . 3 2 
4 . 2 0 
3 .10 
0 .83 
1.48 
2 .22 
2 .92 
1.64 
1.22 
2 .45 
3 .09 

-
1.46 
0 .69 
0 .34 
0 .19 
0.08 
0 .18 
0 .07 
0 .24 
0 .29 
0 .87 
(D.15 
1.22 
1.12 
3 .02 
3 .05 

0.80 
0 .75 
0.65. 
0.57 
0.4lQ 
0.49 
0.45 
0.49 
0 .50 
0,51 
0 .52 
0 .52 
0,57 
0.59 
0,58 
0.51 

PERCENTAGE COMPOSITIOI 

TABLE 33 

OF THE GUT CONTENT IN C. STEWARTII AND 
C. PUNCTATUS "* 

0 N D 
C.PUNCTATUS % AGE 
"• COMPOSITION 

S T R E A M 
C.STEWARTII % AGE 

J COMPOSITION 

D e t r i t u s 
l / ega tab le m a t t e r 
Ulothrix 
Spirogyra 
Closterium 
Navicula 
Amphora 
Diatomella 
Synedra 
Diatoma 
Netrlum 
Fragillaria 
Caloneis 
Tabellaria 
Cyclops 
Crustacean sgg 
N a u p l i i 
U. P. M, 

54.83 
18.51 

4 .57 
10 .27 

3 .62 
1.46Q 
2 . 1 9 ^ 
1,39 

2 .19 
0.46 
0.46 

22 .53 
9 .61 

19 ,20 
27 ,74 

0 ,74 
1.32 

4 . 4 1 
0 ,87 
0 .39 
0 ,25 
8 ,43 
0 ,50 
2 .25 
1.69 
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of the full gut (Y) plotted again£::•̂  total length has been shouin 

in Figs. 37 & 38. 

RELATIl/E LENGTH OF THE GUT : 

The ratio of the gut length to tody length has been shown 

in Fig. 39j, uuhich indicates that the ratio decreases as the fish 

grouis in size from 0,57 to 0.42 for the pond individuals and 

from 0.60 to 0.415 for straam individuals (Table 32). 

FOOD COMPOSITION OF C_c STEWARTII AND C_» PU^^CTATUS : 

The Various components of diet for C_. punctatus and 

C, stemartii have been presented in Table 33 and shoiun in Fig, 40. 

£. STEWARTII : Chlorophycaae 'juas found to be the most dominant 

group, being 47.68^, folloujed by detritus which made upto 2_2,53^ 

of the diet, Bacillariophyceae li/̂s 16,17^, Unidentified plant 

material constituted 9,61/2 of the total gut contents. Zooplank-

ton present luere Cyclocb and Cri'stacean eggs and their percent­

age ccmpositicn was 3,94/C (Table 33).j 

D. PUNCTATUS : Detritus u)£S found to make upto 54.83^ of the 

diet, being the most dominant. Ueget'-.ble material constituted 

18.51^, Chlorophyceae and Daci.llax'iophyceae comprised of 14.84 

and 8.66^ respectively. Zoop].anktone uerB represented by crus­

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



D I 3 C U S S I 0 N 

raRPHOMETRY AND MERISTIC COUNTS 

Morphological variations in fish due to adaptation to neuj 

Bnu^ironment have bean studied by many u/orkars (Schmidt, 1921J 

Uladykov, 1934; Taning, 1944? Lindsay^ '19545 F'ags, 1958j Barlouj, 

1961; and Suzuki and Yamaguchi, 1980). In the present study, mor­

phological Variations have been observed between the tiuo popula­

tion i.e. from the pond and the stream in C_. oachUa. Predorsal 

length, head length, snout length; eye diameter, post-orbitalk 

lengthj inter-orbital length; ianoth of upper jaiu and girth were 

found to be higher in the specimens from the pond (Table 8). 

Height of anal fin.? height of pectoral finj length of dorsal 

•fin; length of caudal peduacle and head depth are practically '^7),^ 
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the safT̂B in both ths pcpulatiorsj b.;t body depth; least height 

of body; height of ventral fin and base of anal fin are higher 

in the stream population. Difference in regression equations are 

evident from fable 8, ujnich may be attributed to diverse ecolo­

gical -and environmental conditions prevalent in both the systems* 

According to Gould (1966;) ratios betujeen characters luill 

not neccessarily be constant for organisms of the same species 

due to variation resulting from differences in sex, race and nu™ 

triticn and other environmental factors. Therefore, in the pre­

sent study too, variations in morphonetric measurements may be 

attributed to the diverse environmental factors. 

Various authors have shown that morphometric characters 

of fish can vary under the irifluence of environments and in par­

ticular , the thermal factor during the period of incubation and 

the beginning of larval life (Sohmidt, 1921; Uladykov, 1934; 

Tanning, 19A4j Lindsay, T9?4; Page, 1958 and Barlouj, 1961), Acc­

ording to Hubbs (1922) and Tanning (1944), variation occurs in 

the numbers of rays in the unpaired fins, in several species 

luhich is also related to an adaptati.tin to movement of uuater of 

Various densityo 

Variations in the body proportions in the same species 

according to hydrographic conditions have also been recorded by 

various authors (Hubbs, 1922; Barlouj, 1961 ). They associated 

these Variations ij;ith the affect of the duration of periods of 

growth and of the relating diff3rpnt.;.ations which determines 

the number of vertebrate and of segments. 

As reported by Yazdani and Chanda (1971 ), Channa steiuartii 

has 4-5 scales between the orbit and angle of preopercle and 
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12-13 scales Dgfcre thn dov̂ jal *̂ in jTid further stated that it-

comes uery close to C_, ô rieiitalJ-s (BlO Schu. and could be dis­

tinguished from the latter by ;59-40 rays in the dorsal (WS 32-33) 

26-27 i-oys in the anal ('o'S 21-23) and ventral y of the pectoral 

(us -r) 1,4o flc'jueuer, i;i the present study for C_. qachua, rays 

in the dorsal fin ijuere obserued to be 31-34j 11-14 and 13-14 r 

rays in the pectoral, for pond and stream individuals; 17-19 and 

16-22 ray in the ventral for pond and stream individuals. Lateral 

line transverse scales ujsre found tc be constant, being 3̂ /5-̂  for 

Individuals both from the pond and the stream, 

Yazdani and Chanda (1971 ) luhll? u/orking out in a collec­

tion of C_» steujartii and C.. oris^ntalis from Khasi Hills, they 

observed that all the specimens of C_, steuartii have considerably 

lesser number of rays In the dorsal (35-37). There was also a 

greater range of variation in the number of anal rays (23-28) 

and ventral WJ^B mostly ^ (rarely 1/3) of the pectcral. Colour 

pattern and other characters uuerc so distinctive that there is 

no dif^'iculty in distinguishing it frorri C_. orientalis* According 

to them, theae variations being unrecorded sc far, entail a re­

definition cf C_, stRtjuc:c;.tî  and the key character of the species 

shall therefore, be as 35-40 rays in the dorsal, 23-28 rays in 

the anal and ventral from ^ to 1/3 cf the pectoral. 

In the present study too, C_. steujartii shoujed distinct 

colour pattern which leaves no difficulty in distinguishing it 

from C_. orientalis. 

While examining the material of C_. statuartii, they also 

cams across tujo abnormal specimens, one (A) having its dorsal 

fin divided owing to a gap caused by the absence of rays after 
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6th ray to nearly opposite the origin of the anal and the other 

(B) hav/ing a similar gap after the 12th dorsal ray to nearly 

opposite the 8th anal ray. In specimen ( A ) , the total number of 

rays uuere 33, lu hereas in specimen (B) it luas only 31, The spe­

cimen (B ) also lacked the pelvic fin and the pelvic girdUof the 

left side. The examination of the alizarin preparation of these 

specimens shoius that the ptsrygiophores are also absent in the 

region and the gap. Though occassional absence of both pelvic 

fins is on the record in the genus Channa. there uuas no earlier 

record of such abnormalities as has also been observed by Yaz-

dani and Chanda (l97l). Hou/ever, during the present investigation 

one specimen of C_. qachua ujithout pelvic fin, has been recorded 

from the pond. 

The various meristic counts made during the present study 

did not shouj any marked difference in the individuals of C.qachua 

from lotic and lentic populations (Table 9). 

Many authors (Schmidt, 1921; Uladykov, 1934j Tanning, 

1944J Lindsay, 1954; Barlouj, 1961) h ave reported that meristic 

characters exhibit plasticity under the influence of environmen­

tal factors, especially temperature, during the incubation per­

iod and early larval life. Dutt and Reddy (197B) gave certain 

meristic counts for ^. qachua population from Andhra Pradesh as 

as dorsal fin rays 33-37; Anal fin rays less than 24; Lateral 

line after proceeding straight some distance bends douun sharply 

and continues tiuo scale rouus belouj. In the present study too, 

the dorsal fin rays ranged from 31-34, being less than C_, qachua 

population from Andhra Praddsh. Anal fin rays ranged from 17-19 

and 16-22 for pond and stream individuals in the present study 

whereas, Duttc and Reddy (1978) reported anal fin rays to be 
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leas than 24. Lateral line too, after proceeding straight some 

distance bends doinn, in the specimens both from the pond and 

stream, mere found to be similar to the results obtained by Dutt 

and Reddy (1978), 

Biometric study for Ĉ . qachua in the present case (Table 

16), revealed that Eye diameter^becomes smaller in relation to 

head length and interorbital luidth as the species groius (Figs. 

18 & 19), The pectoral fins exhibit negative allometry and the 

body of the fish becomes relatively deeper. A similar case has 

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

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

the character in relation to its reference length is isometric, 

With regard to C_. steoiartii (Table 16) and C_, punctatus 

(Table 17) also, the Eye diameter becomes progressively amaller 

tn-arelation to the head length and inter-orbital luidth as the 

fish groujs (Figs, 20 & 21 ). But the pectoral fins unlike Cqachua 

(from both the systems) da..not exhibit negative allometry in 

relation to head length. 

Hoiuever, various features have from time to time been 

reported as characters of certain local populations of the same 

species luhich IMikolsky (1963) luith his tidy out look on adapta­

tion considered that these variations ,Luere designed to ensure 

that the greatest variety of habitats were occupied and quoted 

several instances fof fish species tuhich could occur either as 

an elongated river fogrm or as a high bodied lake form. In the 

present case, such uiell defined variation betujeen the tuio popul­

ation could not be ascertained, but certain variations in mor-

phometric measurements are quite evident. 
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Fig.18. Biomctric indicts of C.qachua from the slream. 
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LENGTH - WEIGHT RELATIONSHIP 

From the studiss on length-ujeight relationship, it is 

clear (Tabla'̂ 1i9) that there are inte-rspecific variations in the 

exponential value. In the case of C_. punctatus and £» steujartii 

The values for "b" approximates to the cube lauj but are less 

than "3", thereby shoujing alio metric ̂  groujth. Das and Mitra (1958) 

have also obtained the value for "b" less than three, obtaining 

a parabolic equation of W = 0,036775 L 2.81112 ^^ ^^ punctatus. 

based on spacimens collected from West Bengal during March and 

April, 1956. ujhich is quite similar to our result (W = 0.00001172 

L • in C_, punctatus. In C. steujartii. Ganguly et al.« (1963) 

reported thie "b" value of 3,261, obtaining a parabolic equation 

as W = 0,00447 L ^•2^1^ 5^^ in the present case, the "b" value 

ujas derived to be 2.452 (W = 0.0001033 L 2.4517^^ ^^^ change in 

the exponential value "b" is.supposed to be under the influence 

of numerous factor viz. seasonal fluctuations, physiological 

conditions of the fish at the time of collection, sex, gonadal 

development and nutritive conditions of the environment of the 

fishes (Sinha, 1973), Hence, it is quite likely that the varia­

tion in the exponential value relating the length to the body 

ujeight, might be due to the reasons stated above as the fishes 

aiare collected from two different types of ecosystems. The expo­

nential Values for C_, qachua are found to vary in different sea­

sons (summer and vuinter), during the juvenile and adult stages 

and also for the specimens collected from different systems. 

Houjever, it is seen that the grooith in all cases is allometric, 

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

oihich shoiued an isometric growth (Table 18). 
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Lai and Dujivedi (1965) and Sekhsran (l968) have also 

observed interspecific variations in the pouuer function (b) of 

length in relation to body lueight. in Rita rita and Sardinella 

albella and S_, gibbosa respectively at different stages of their 

groujth. Hughes e_t_ al,, (1974) ujhile studying the effect of growth 

on gills and accessory respiratory organs of Saccobranchus 

(= Heteropneustes) fossilis have mentioned the compressed body 

shape of the fish, a probable cause of the increase of the pouuar 

function (b = 3,325), 

According to Hile (1936) and Martin (l949) the value of 

exponent "b" usually range betmeen 2,5 and 4,0.Allen (1938) sug­

gested that the value for "b" remains constant at "3,0" for an 

ideal fish. In the present study, the value of "b" as determined 

for C« qachua is 3,1821 from the pond and 3,3942 from the stream 

luhsreas, it is 2,9701 and 2,4517 for C_, punctatus and Csteiuartii 

respectively, 

It is important to determine atleast the orders of magni* 

tude in the Ponderal index of the power function (b) of length 

in relation to body weight. It has been assembled in Table 34, 

to present the difference in the (b) value among different 

species of Channids, The table indicate's that the values in al­

most all the species of Channids, approximates the cube law and 

hence according to Hile (l936) and Martin (1949), the fishes 

of this group can be considered as "Ideal", 

Beverton and Holt (l957) suggested that the departure 

from 3,0 of "b" value is rather rare. However, Narasimhan (1970) 

reported that the value of "b" increases in the carnivorous fish 

Trichiurus lepturus. which devour big prey. Accordingly Soni and 
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TABLE 34 

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

FISH SPECIES UALDE FOR 
•b* 

REFERENCES 

Saccabranchus Foasilis 

Heteropneustes.. f ossilis 

Heterppneustes Fossllis 
(male/ 

Heteropneustes fossilis 
(.female) 

Heteropneustes fossllis 
(juvenilesj 

r̂ acroqnathus aculeatum 

Â mph'ionous cuchia 

Clarias batrachus 

Clarias batrachus 

ii* notopterus 

Ophicephalus marulius. 
(males) 

Ophicephalus marulius 
(femalBis). 

—• strlatus (males) 

0̂» striatus (females) 

£'. punctatus (males) 

£'• punctatus (females) 

Channa' gachua (Pond) 

Channa gachua (Stream) 

C_. s t e u j a r t i i (S t ream) 

C_« punctatus (Pond) 

C_. stemartii 

3.32 Hughes et̂  al. (l974a) 

3.10 Bandsy at, al,. (l974). 

2,52 Bhatt (1968) 

2.94 Thakur and Das (1974). 

3.16 Thakur and Das (1974). 

3o36 Ojha (1974). 

3.00 Hughes at, al. (I974b). 

3.33 Sinha (l973).o 

3.08 Thakur (1974). 

2.96 Paramesiuaran and Sinha 
(1966). 

2.99 Paramesiuaran (1974). 

3.02 Paramesiuaran (l974). 

2.97 . Paramesiuaran (1974). 

3.00 Paramesiuaran (l974). 

3.07 Paramesiuaran (l974). 

2.79 Paramesiuaran, (1974). 

'3.m\B f?r-esa'rft̂  Au-t<h-crj: P^^S^" v̂c 

3.39 Present Author . 

2,45 Present Authorj. 

2.97 Present Authori. 

3.26 Ganguly et a^. (l963), 
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Kathal (1979) reported that the; higher value of "b" (4.36) obta­

ined for Cirrhina mriqala is due to the presence of large quan­

tities of sand and mud in the stomach, resulting in an increase 

in the total u/eight. However, in the present study, the value 

of "b" for £o qachua from the pond (Pig. 22) and stream (Fig.23) 

uuas found to be 3.18 and 3.39 respectively, ujhich is higher than 

3,0, The departure of "b" values from 3.0' in the present case 

may be due to the feeding habits of the species (Mookerjee et al. 

1950) and presence of good amounts of ̂ detritus along ujith vege­

table matter in the stomach as obtained during the present 

study, u/hich supports the vieuu of Narasimhan (1970) and Soni and 

Kathal (1979). 

CONDITIOW FACTOR 

Monthiuise averages of "Ponderal Index" or "K" values of 

entire one year period has been calculated to elucidate the sea­

sonal fluctuations (Fig, 24) and have been tabulated in Table 

20, The Variation in the condition factor may be attributed to 

different factors, such as environmental condition, food avail­

ability and the gonadal maturity, as has also been suggested by 

many workers (Le Cren, 1951; Jhingran, 1972; Bashirullah, 1975). 

According to them, study on the changes in the condition values 

with length increase may yield evidence concerning the size at 

first maturity, while the seasonal fluctuations may reflect the 

spawning cycle of a fish as the "K" is the condition of fatness 

and condition of gonads. However, the present study has shown 

that the smallest size group of the species have higher condi­

tion values indicating that juveniles have better condition 

faptor (Table.i.21 ). Many workers (Menon, 1950; Pillay, 1954; 
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Sarojini, 1957? and \/arghese, 1961) haus also observed a higher 

Kn Value in juvenile of other fish species. 

The results further suggests that the increase in the 

weight of the body due to the weight of maturing gonads folloujed 

by a decrease due to spawning, is also reflected in the condition 

factor of the fish (Tabls.: 32). The results also support the view 

of Weatherley (l972) that even among the members of one popula­

tion, samples on a single date, there may be considerable varia­

tion in condition with length (Fig, 24A)« According to hl,l,jn, fish 

populations display considerable changes in average condition, 

reflecting normal seasonal fluctuations in their metabolic bal­

ance and in the pattern of maturation and subsequent release of 

reproductive products. Even the state of fullness of the.alimen­

tary canal may influence "K" ..factor. 

Le Cren (1951 ) proposed a relative condition factor (Kn) 

and discussed its superiority over condition factor ( K ) . Accord­

ing to him, the former measures all the variations not connected 

with length, which the latter fails to do (unless n = 3). Keste-

ven (194?) suggested that a true ponderal index should be obtai­

ned by comparison of volume of fish with its weight in which ; :-:• 

form it will be a measure of relative density or weight per unit 

volume, the latter being a function of the fish volume which is 

a cubic function of its linear dimensions. 

In the present study, the condition factor was also found 

from the eviscerated specimens (Total weight of the fish - Weight 

of the gonad and gut) to eliminate the influence.of gonad and 

food present in the alimentary canal. The. pattern of fluctua­

tions in these indices is almost similar to that of the indices 
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of whole fish, the differencB bedng only that of magnitude. This 

indicates that the condition factor is not only influenced by 

the maturati.(]n of the gonads and the food present in the aliment 

tary canal but might also be due to certain other environmental 

factors tooo Similar case has also been reported by 3hingran 

(1972) for Setipinna phasa* In the present study,, adults of 

_C« qachua from the pond are found to be heavier (b = 3.6456) in 

respect to their length, u/hile the juveniles (b = 2.8743) were 

lighter in relation to their length. 

MATURITY AND SPAWNING 

Studies on maturity indicate that both the males and the 

females mature at the same time and have a similar breeding per­

iod (Dune-August) tuith just one spaiuning season in an annual 

cycle. The occurrence of ripe individuals during the months of 

June-August and its complete absence thereafter also supports 

that the spawning season lasts from late June to August, The con­

dition factor or Ponderal Index (K) for the same individuals also 

indicates toiuards a similar trend in the spaujning' season as in­

dicated by the results obtained for 'K' factor. The occurrence 

of only one batch of maturing ova, clearly demarcated from the 

immature stock indicate that the spaujning is strictly periodic, 

restricted to a definite period and that each individual spauins 

once during an annual cycle. Walfcrd (1932) stated that fishes 

uihich spaujn only once in a season, contain only tujo types of ova, 

immature and mature. Similar observations have also-been repor­

ted by Hickling and Rutenberg (1936), Prabhu (1956), Qasim and 

Qayyum (19613) and Natarajan and Jhingran (1963) as has also 

been found in the present study too. It has also been observed 

that the species (£, qachua) mature little earlier (length-wise) 
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in the pond p.opulation than the stream population and this can 

be attributed to the better food a\/ailability in the pond than 

the stream. This is also supported by the studies on the repro«-

ducti\/e biology of the species in the present investigations. 

Gonado-somaitic index (Gn.5,1.) values luhen plotted against 

different body lengths (Fig, 26) indicated a tendency for the 

Gn»S.I. to increase with the increase in body length. It is also 

seen that the seasonal peaks (Fig, 25) in the mean Gii.S.I, coin­

cided uuith the peaks in the percentage occurrence of mature in­

dividuals, hence, Gn,S,I, can be used as an index of gonadal 

development. Such a case has also been reported by Kakuda and 

Nakai (1981 )» According to Kesteven (l942) the gonad maintained 

a relationship ijjith the remainder of the body of the organisms 

and since the average size of maturing or mature ova are con­

stant in general, the number of eggs being a number of units of 

ujeights luill shouj an exponential ujith the length in the same luay 

as does the length of the entire organisms. Jhingran (l96l), 

Qasim and Qayyum (l963), Bagenal (1967) have studied the rela­

tionship betu/een fecundity and fish length and reported that the 

exponent value to range around three,_ Higher values of 4,5 in 

case of Irish Herring (Parran, 1938) or at a rate proportional 

to fifth poujer of body length (Hodder, 1963) have also been re­

ported, HoLuever in the present study, the exponential index ujas 

found to be 2,5490 and 4.1752 for the specimens from the pond 

and the stream respectively. The value of exponent (2.5490) in7 

dicates that the fecundity of the pond population increases at • 

a loujer rate than that of the body weight, in relation to total 

length, as is also evident from the exponent value of 3.1821 

(Table 19) obtained in the length-ujelght relationship during the 
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present study for individuals from the pond. From the value of 

exponent (3»3942) obtained in the length-iueight relationship in 

the stream population (Tabler-19)5 it appears that the fecundity 

increases at a rate slightly faster than that of the body a/eight 

in relation to total length as the exponent value has been found 

to be 4,1752. The values of exponent obtained in the relationship 

between ovary ujeight and total length luere found to be 2,7389 for 

pond population and 3,9540 for stream population luhich iiriicates 

that the ovary uueight increase at a more rapid rate than the 

total uueight in stream population, a/hereas in the pond popula­

tion, the increase in ovary lueight is loiuer than total lueight, 

It has been observed that the C_« qachua specimens beloui 

36.0 and 41.0 mm from the pond and stream respectively ijuere imm­

ature, Fifty percent (l̂ cn) individuals mature at 51,0 - 55.0 mm 

length group both in the pond and stream population (Fig, 27), 

FECUNDITY 

On plotting fecundity values against body length (Fig, 

28E & F ) , it has been observed that the egg counts increased 

with the increase in length. It is also seen that there is an 

increase in the spread points describing this relationship luith 

increasing size of the species. Similar case has also been rep­

orted by Habib (1979) in Puffer fish.. According to Simpson (1951 ) 

fecundity is directly proportional to body n'eight. As pointed 

out by Bagenal (1967), since weight is more closely connected 

with the condition of fish than-its length, Yuen (1955) found 

that relationship between fecundity and weight to be curvilinear 

as (̂'ds aiso been recorded in the present study, which indlcatas 

that fecundity is more dependent on weights rather than length 
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as has also been reported by Manooch (l976) for Red Porgy. The 

logarithmic relationship betaieen fecundity of the species and 

its lengths, body uueight and ovary u/eight were found to be linear 

(rig. 28).A comparative data on the fecundity of different air-

breathing fishes from India, have been assembled in Table-35, 

which indicates that the fecundity of air-breathing teleosts 

appears louj but 'oihsn assessed in relation to their respective 

body sizesp the number of ova is considerable, as also reported 

by Dehadrai and Tripathi (1976). 

Relative fecundity which is the ratio of eg^ number to 

body lueight (Hardisty, 1964) is a measure of fecundity that 

takes into account the weight differences of individuals. In the 

present study, relative fecundity was found out to make compari­

sons between both the populations as the basic assumption in 

using relative fecundity is that the number of eggs per gram 

does not increase or decrease with the size of fish (Bagenal, 

1973), However, it is seen that the relative fecundity on aver­

age basis was found to be lower (97.04) in the stream population 

(Table 23), than the pond (Table 24) population (140.67), which 

may be attributed to the fact that the relative fecundity in 

the species may change markedly due to changes in the condition 

of the species and has also been mentioned by Le Cren (1951) and 

Raitt (1968) for perch and Norway Pent respectively. 

According to Bagenal (1963) in most of the fish, the 

number of eggs does not change sajghificantly as the season pro­

gress, but the gonad weight increases due to an increade in 

water content or organic matter derived from food or organic 

matter transferred from somatic tissues and only in the latter 

case, if the total weight remain constant and thus make the 
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calculation of rslative fecundity meaningful. If the relative 

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

pare fecundity at different places and time (Bagenal, 1973), 

The maximum fecundity values for C_, qachua in the present 

study have been found to be 1170 and 1523 in the individuals 

from the pond and stream respectively (Tables 23 & 24) ujhich is 

quite similar to the observations made by Mookerjee et al»(1950) 

that this species lay about 1500 and 2000 eggs, Hoaiever, fecun­

dity estimates suggest that the species is not very fecund in 

comparison to other species aihich might be due to the fact that' 

a species that protects its eggs and young ones is usually less 

fecund, than the one that does not (Kryzhanoviskii, 1949). Such 

cases have also been observed by Fryer and Isles (l972) mho dis­

cussed the significance of brood and egg size in Cichlids and 

attributed a close association betiiieen egg number and sii'xB.'Ofl.the 

mouth brooders were found to have fewer and larger eggs than the 

guarders* These studies suggest that parental care has profound 

•effect on the number of eggs produced, as it ujould be easier.for 

the fish to take ca^e of their eggs and young ones, if they are 

less in number. Since, this species (C_, gachua) is known to build 

nest and guard their young ones (Mookerjee e_t, a_l.. 1950), may be 

the reason of loujer fecundity. 

It is often assumed that fecundity and egg size are nega­

tively correlated (Bagenal, 1971 ), The relationship is complica­

ted by ujhat appears to be a general tendency for fish luhich 

spawn later in the season to lay smaller than average eggs, 

Accordingly to him, since the egg size and parent length are 

usually positively correlated, suggest that the larger fish 

spawn first, however, this has been found to be true only for 
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some fishes but not for all. Simpson (1959) shoiued clearly that 

older plaice spaiun first, but in contrast the older individuals 

of perch spaiun later. In the present study too, it has been ob­

served that the egg size-̂ and parent length are positively corre­

lated • 

McFadyen e_t_ â .. (1965) found that trout from infertile 

streams-had a loiuer egg production. Differences in age at first 

spawning and growth rate, together uuith an actual lower fecundity 

all led to a loujsr reproductive rate than in fertile streams. 

Leggett and Power (1969) correlated fecundity and food supply 

with hand locked salmon. The fecundity variations reported by 

Bagenal (1971 ), Raitt (1968).and Hooder (1965) were associated 

with food through population density. Nikolsky (19615 1969) men­

tioned a number of Russian papers associating food supply and 

fecundity and the relationship of nutrition and fecundity were 

reviewed by Woodhead (i960). In the present study, variations 

in relative fecundity can be related to food availability, as 

the stream population had a lower relative fecundity than the 

pond population, since the stream is less productive in compari­

son to the pond, thus leading to lower relative fecundity in 

stream population than the pond population. Thus, relative fecu­

ndity can be associated with the food availability, which is 

also supported by certain experimental works (Scott, 1962; Hes­

ter, 1964J Bagenal, 1969; and Wottan, 1973) relating food to 

fecundity oonfirm^ing the low food intake leading to lower num­

ber of eggs. 

Several environmental effects on fecundity are believed 

to act through the food supply. Hodder (1965) suggested that the 

fecundity differences of grand banks Haddock were associated 



TABLE 35 

COMPARATIVE VALUES OF FECUNDITY IN DIFFERENT AIR-BREATHING 
TELEOSTS FROM INDIA • 

F^SH SPECIES 

Heteropneustes fossilla 

Clarias batfachus 

^^arias^ batrachus 

flnabas' testudineus 

Netoptgrus notoptsrus 

OphicBfjhalus marulius 

2.« 3triatu3 

0,. 3trlatU3 

0.. striatua 

£• qac:huâ  

Chanpa, gachua (Pond) 

Channa' q'a.Lhua (Stream) 

TOTAL NO. OF 
OUA 

(FECUNDITY) 

AUTHORS 

2843 - 44723 ' Bhargana ( 1 9 7 1 ) . 

11612 Mooker jea and 
Mazumdar ( 1 9 5 0 ) . 

1000 - 20000 Thakur ( 1 9 7 4 ) . 

4588 - 34993 B a n e r j i and Prasad 
( 1 9 7 4 ) . 

175 - 1188 Paramesiuaran and 
Slnha (1966), 

1799 - 38375 Paramesiuaran (1974). 

2794 - 28046 Paramesiuaran (1974). 

4422 - 20070 Alikunhi (l953':)c 

5970 - 31114 Sriuastava (l977), 

1500 - 2000 Mookerjee at al.(l950). 

160 - 1170 Present Author . 

243 - 1523 Present Author . 
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with ujater tamperature as in cold luater they concentrate along 

the edge of the banks resulting in ouercro'jjding, ujhich led to a 

food shortage and a louier fecundity. Accordingly in the present 

study, temperature could also be considered as a limiting factor 

affecting fecundity as throughout the study period, the species 

from both the systems mere found to be concentrated along the 

edge of the banks among the marginal vegetation due to louj ujater 

temperature, resulting in ouercrou/ding. This might haue led to a 

food shortage uuhich in turn resulted in low fecundity. 

FOOD AMD FEEDING HABITS 

Based on the numerical method and frequency of occurrence, 

theC^present study reveals that the composition of diet of 

C_. qachua can be divided into the folloujing broad categories l-

(a) Detritus 

(b) Vegetable matter 

(c) Phytoplankton 

(d ) Zooplankton 

Nikolsky (l963) recognised three main categories of food 

on the basis of their importance in the diets of fish. 

(a) Basic food that normally eaten by the fish and com­
prising most'of the stomach contents; 

(b) Secondary food •=• that ujhich is frequently found in 
the stomach, but in smaller amounts; and 

(c) Incidental food - that which is found only rarely 
in the stomach contents. 

Hence, the basic food of C_. qachua as seen from the pre­

sent study can be considered the detritus comprising of about 

57-61^ of the total gut contents. Consequently the secondary 

food of the species, as indicated by the results was vegetable 
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matter, which comprised 26,0% of the gut content. The remain­

ing items ujsre ragarded as incidental food, due to the fact that 

phytoplankton and zooplankton form a uery small fraction of the 

gut contents and occur uuithout any regularity in the different 

months (Tablea 26 & 27)o This indicates that these are probably 

sujallouued along ujith other food material accidently, 

A change in diet with increase in size aiith larger fish 

eating larger food items, has been tuidely reported by Keast 

(1966); Larsen (l967), De Silva (l937), Adams (1976), Kakuda and 

Matsumoto (1978) but in the present study no change in diet is 

observ/ed except that the smaller length groups exhibited the 

presence of maximum numbers of species (Tables 28 & 29), The 

present study has also shown that the percentage of feeding in­

dividuals is higher among the smaller individuals, may be oiuing 

to the fact that metabolic activities are generally higher in 

young ones. Similar results have also been reported for heiring 

(Clupea harenqus) and spent (C_. sprattus) (Hardy, 1924; Marshall 

al §!.• 1939 and De Silva, 1973), 

Feeding in relation to condition factor indicated a clear 

inverse relationship (Figs, 34 & 35) both on a seasonal basis 

and in the various length groups. An inverse relation is also 

observed between the feeding intensity (G.S.I.) and the gonado-

somatic index (Table 32) which could be explained due to the 

spawning season of the fish, as reduced feeding has been reported 

during the spawning season by Wolfret and Miller (l978) for the 

northern pike and spawning brings about a sharp decrease in the 

condition factor (Dacobsen, 1974), 

According to dhingran (1971 ) the principal factor that 
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are likely to affect the monthly variations in the ponderal 

index are generally food and sexual maturity. The data of G.S.I. 

as obtained (Table 30) reflects the assessment of spaujning sea­

son as has also been indicated by the monthly fluctuations in 

the condition factor (Table 20) of the species. 

The feeding intensity declined (Table 30) aiith the prog­

ressive maturation of gonads (Fig. 25) from April to August in 

the case of individuals from the stream, ujhereas from February 

to Duly for pond specimens. Observations on the maturity and 

breeding season of the species (C_. qachua) have-.shoiun that the 

fish breeds from Gune to August (Table 22) iridicating that the 

periods of IOLU feeding intensity coincides aiith the spaujning 

season. The IQUD feeding activity during peak breeding season may 

be attributed to the completely developed ovary, permitting 

limited space in the abdominal cavity for intake of food.,.Fee­

ding intensity increased after the spawning period and attained 

peak in November and February in the case of stream population 

and October and November for pond individuals. 

The coincidence of looi feeding aiith peak breeding has 

been observed by many ujorkers. Hardy (1924), Hickling (1933), 

Fage and Ueillet (1938), Menon (1950) and Desai (1970) have re­

ported a decrease in the rate of feeding and amount of food con­

sumed ujith the maturation of gonads. Bhimachar and George (1952) 

have also referred to the reduced feeding in Indian mackerel, 

Rastralli^qer kanaqurta tuith the progressive maturation of gonads. 

Karekar and Bal (1958) have also noticed the coincidence 

of peak breeding with low feeding phase in Polynemus indicus. 

Ohingran (1961 ) has observed the feeding intensity of Setipinna 

& 
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phasa to decline during its peak breeding season. Natarajan and 

Jhingran (1963) ha\/e noted the low lewel of breeding during mat­

uration phase in the case of female Catla catla» 

The observation of feeding intensity in different lengih 

groups in the present study also indicates that feeding intensi­

ty is higher in the smaller length groups, ujhereas larger, (hig­

her) length groups shoiu a decline in the feeding intensity which 

could be due to the' maturation of gonads. 

The diet composition tends to shouj that the species feeds 

mainly on detritus and vegetable matter, Houje\/pr, contrasting ^ 

opinion has been expressed regarding the food preference of this 

species though from different regions by Mookerjee e t alo(l950) 

oiho classified it as a carnovore, rarely taking any vegetable 

matter, unlike the results of the present study. 

According to Moitra (T956) food habits of fish varies ih 

different environments, ujhich may not only be due to the avail­

ability and abundance of particular food items, but also to thsj 

temperature and other ecological and geographical factor. This 

might be the reason of different feeding nature in the present 

case than the report of Mookerjee et_ aj^. (1950). The gut length 

of the species uias found to range from 0.42 to 0,57 and 0.41 to 

0.80 for the individuals from the pond and stream respectively. 

The adaptation of the alimentary canal of fish to their food 

are luell known in regard to the relative length of gut (Sinha, 

1972). 

Accjording to Das and Nath (1965) in a carnivore, the' 

ratio is less than or equal to unity, whereas in herbivore and 

omnivora It is more than unity. Suyehiro (1941 ) and Beumer 
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(1978) ha\te also reportad, louj relative length of gut as typical 

of a carnivore. Accordingly, the ratios ujere calculated for 

C_. qachua which showed a decrease in the relative gut length 

uiith the increase in length of the species. Das and Srivastava 

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

to adults in C_. punctatus, No.topterus notopterus and Wallaqo 

attu and correlated this with the change in feeding habits in 

the same ujater bodies at' different stages of life history in 

the same fish, but no such relation could be established in the 

present study, as the diet composition was found to be the same 

in different lengt'h groups of fishes. • 

In the present study the diet composition of Csteoiartii 

showed that the most important food was Ghlorophyceae (47.68/J) 

followed by detritus (l6.17^), Bacillariophyceae (9,61%) and 

Zooplankton (3.94/S). Ganguly e_t_ al_, (l963) have reported that 

£.• stewartii is a surface feeder as well,as carnivore. It pre­

fers Protozoa, Insects and Crustacea along with a good quantity 

of both uni&ellular and multicellular algae, d uring early life 

stages, while insects, Crustacea and fish C.ft'^/feaem the main 

constituents of the diet of the adult. 

In the present study, the diet of C_, punctatus mainly 

consisted or* detritus (54.83^), vegetable matter (l8,51%), Ghlo­

rophyceae (14.845^) and Bacillariophyceae {Q,66%) and Zooplankton 

(2.65%), whepeas Mookerjee £t_ al,. (1950) have reported the same 

species tp be a carnivore. 

Acaording to Dehadrai and Tripathi (1976) the murrels 

are highly predatory and marked piscovorous. The fry in almost. 

all cases f̂ eed heavily on zooplankton, whereas the fingerlings 
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on insect laruae, shrimps and fish fry. Hoiuever, y(Dung(^of Ophi-

cephalus punctatus prefer phytoplankton (Banerjee, 1974), The 

smaller species (0» punctatus and 0_, qachua feed mainly on minn-

ouus and other small fishes, shrimps, insects and occassionally 

molluscs luhile the larger varieties (0_. marulius and 0 .striatus) 

feed mainly on fish, frogs, insects and other live food. All 

these reports reveal that murrels are mainly carnivorous, but 

the present study indicates that murrels of the highlands mainly 

feed on detritus, though occassional presence of zooplankton and 

phytoplankton are indicated. 

Beumer (l978) stated that there exists a relationship 

betujeen the nature of the stomach contents and the feeding str­

ucture, and according to Al-Hussainy (1947) the relative gut 

index is also indicative of the diet, Louj relative gut index 

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

Houjever, in the present study, a low relative gut length 

has been observed ujhich is indicative of carnivorous nature of 

feeding (Suyshiro, 1941), but on the other hand C_, qachua was 

not found to be purely carnivorous, a large portion of the diet 

luas composed of detritus, Odum (1968) reported that high R,G.I, 

is typical of a detritus feeder. Hence, it can be said that the 

detritus feeding habits of Channids in the highlands of Shillong, 

unlike the Channids of loiuer altitudes, might be an adaptation 

to higher altitude OLuing to the absence or poor presence of 

animal matter in these ujater bodies. Houuever, the present resu­

lts supports the vieuj of Nikolskii (1969) that the fish fauna 

of high latitudes are usually adapted to eating various types 

of food, on account of the high variability of the available 
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food. The range of food organisms may vary greatly from area to 

area, even as regarda to principal food, specially in freshuiater 

conditions. Representative of associations from high altitudes 

are usually at an advantage aihen the food base iSQlabile, since 

they tend to be eu^yphagoUs; conversely, those from the loiuer 

latitudes are so ujhen the food base is stable. 



CHAPTER IV 

SUMMARY & CONCLUSION 



S U M M A R Y A N D C O N C L U S I O 

Keeping in vieuj, the basic necessity to haue a knoiuledga 

on the structure of lotic and lentic ecosystems and on the bio­

logy of air breathing fishes adapted in sucl; systems at higher 

altitude of the country, coupled with its great(5 economic .impor­

tance and also •becausa of the fast gaining popularity of cultu-

ring air-breathing fishes, the present investigation has been 

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

Biology and Ecology of Channa gachua (Ham.) and Channa staiuar-

tii (Playfair)" embodies the results obtained during the inues-

tigation, a summary and conclusion of luhich are presented belouu. 

The water temperature in both the systems shoujed a close 

affinity with the atmospheric tempeTature, The conductiuity 
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values fluctuated ujidel/ vuithout shouuing any definite oscilla­

tion. Further, it has been obserued that conductivity and alkali­

nity shoujed a someujhat direct relationship in the pond vuater un­

like the.:stream uuater ujhere the case was reverse. It has also 

been noticed that louj pH values corresponded with high conducti­

vity Values. The pH values always remained below 7.0 or in other 

words, in the acidic range in both the systems. An inverse rela­

tionship has been observed between free CO^ and pH. Higher pH 

value during winter and post winter season indicate higher pho-

tosynthetic activity than community respiration, which might be 

due to the availability of sufficient solar radiation resulting 

from cloudless sky. 

The results indicate that the main source of free C0„ of 

the-water in both the. systems seems to be the decomposing as 

well as respiratory processes of the organisms present in the 

system. It is also evident that C0„ concentration of the water 

controls the pH, bicarbonate and carbonate alkalinity of the 

water.' 

The dissolved oxygen concentration-were found to vary 

inversely with-the temperature and free CO^, However, it may be 

concluded that oxygen content of these water bodies mainly dep­

ended on the following factors :-

(a) Law of solubility of gaseous exchange; 

(b) Photosynthstic activities; 

(c) Respiration; 

(d) Intensity of illumination; and 

(e) Wind action,' 

. The nutrient condition in both the systems was found to 

be quite ppor. An inverse relationship has been observed bet­

ween phosphate and dissolved oxygen concentration in both the 
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systems. This might be due to the fact that ujhen there is lack 

of oxygen in luater bodies particularly in the sediments, iron is 

reduced from the ferric to the ferrous state, releasing phosphat 

into aiater. It may be assumed that the main source of nitrates 

in the systems may be the decomposing organic matter, not the 

plankton as the former aias present in large quantities than the 

plankton* An inverse relationship has been observed betujeen 

nitrate and temperature, ujhich suggests that temperature has a 

profound effect on nitrate concentration in waters. The silicate 

content of the luater was found to vary inversely with free C0„. 

It has also been observed that peaks of diatom population corr** 

espond with low levels of silicate in the systems. 

In the present study 'T1 species of Chlorophyceae, 5 of 

Bacillariophyceae and 2 of Euglenophyceae inOthe pond and 15 of 

Chlorophyceae, 7 of Bacillariophyceae and 2 of Euglenophyceae 

in ttfer̂ stream have been recorded. Among Zooplankton, Rotifera 

comprised of 4 species in both the systems, whereas Copepoda was 

represented by 3 and 1 species in the pond and stream respect­

ively. Cladocera was represanted by 2 species and interestingly 

enough it could not be recorded from the.pond. The study further 

reveals that the plankton peaks in freshwater bodies of high 

altitudes of India are quite comparable with the spring and 

autumn plankton peaks of the temperate regions. 

In both the systems, phytoplankton showed a numerical 

superiority oveir the zooplankton. It is also apparent from the 

present study that certain species of plankton disappeared at 

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

during the year, there was a total absence of plankton. The 

plankton productivity varied .from season to season .in bath• • 

e 
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tha-systems and qualitative variation particularly of zooplankton 

ujera quite identical. 

It can be revealed from the present study that in some 

groups of plankton, the amplitude of rise and fall in quantity 

may not be large enough to produce more than minimal change in 

the total plankton population uuhile in others, the change may be 

so great that a wave of development of a single group may be 

sufficient to dominate the uuhole population. Further, the period 

of quantitative increase- and decrease of the individual may not 

in general, coincide ujith the seasonal minima and maxima of 

the total plankton. It is also clear that the rate of develop­

ment of a pulse may vary greatly, some species may increase 

slouuly and more or less urixformly to the maximum uuhile others 

may shouu a burst of development rising from an apparent absence 

to a numerical dominance of the whole (plankton population oiith* 

in a very short peiiod. An inverse relationship between phyto-

and zooplankton has been observed. 

It is clear that plankton periodicity has been influenced 

by temperature and the seasonal variationc were observed even 

amidst a fairly constant pH and oxygen content of the water. In 

the present study, a high phytoplankton population has been 

observed at low temperature in the stream, whereas, no such 

definite relationship could be observed in the pond suggesting 

that temperature alone is not always a limiting factor for the 

growth of plankton. Availability of food may be another impor­

tant factor responsible for plankton growth which in turn dep­

ends on other abiotic factors'. 

It has been observed that whenever free C0„ was at its 

minimum, percentage composition of zooplankton were found to be 
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in higher range, in other ujords zooplankton fluctuated almost 

inversely ujith free C02« Therefore, it c,an be ascertained that 

presence of high quantities of free CO2 have detrimental effect 

on zoo'plankton. Diatoms and silicates shoiued an inverse relatio­

nship luith each other, owing to the fact that they require sili­

con for the manufacture of their shells, hence the available 

supply of silicon from water can be regarded as a matter of real 

consequenceo Apart from this, phosphate also seems to be a limi­

ting factor controlling diatom periodicity. 

In the present study, hoiuever, no very distinct period­

icity in the total plankton could be observed, luhich might be 

due to the reason that the physico-chemical factors in fresh-

ujater bodies undergo frequent changes partially due to changes 

in the meteorological factors which in turn influences the pla­

nkton periodicity. Hence, it can be concluded that plankton pop­

ulation is directlv or indirectly influenced by the seasonal 

Variations in the complexes of abiotic and or biotic factors. 

It is also clear that the annual quantitative abundance of plan-

ktonic populations depends on the succession of appearance and 

disappearance of its component species. 

It may be concluded that no ecosystem is static, which 

further supports the notion of Nasar (1975) that no one can step 

into the same ecosystem twice as the ecosystems is dynamic^ and 

the abiotic and biotic factors not only fluctuates seasonally 

and diurnally, but also each and every moment", 

The result indicates that there exists an intraspecific 

difference in regression equations in various morphometric cha­

racter of C, qachua which may be attributed to diverse ecolo-
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gical and environmental conditions prevalent in both the systems. 

The various meristic counts of C_. qachua made during the present 

study did not shouj marked intraspecific differences* The results 

of the biometiic study for C_. qachua reveal that Eye-diameter 

becomes smaller in relation to Head length and inter-orbital 

ujidth as the species groujs in length. With regard to C«steiuartii 

and C_, punctatus also, the eye diameter becomes progressively 

smaller in relation to head length and inter-orbital ujidth as 

the fish grows. But pectoral fins unlike C^» qachua do not exhi­

bit any negative allometry in relation to head length. 

From the results obtained on length-ujeight relationship 

it is evident that there exists an intraspecific variation in 

the exponential value ("b"). Since the "b" values in C.steujartii 

and C_, punctatus approximates the cube lauj, but are less than 

three, thereby shoujing allometric groujth, unlike C, qachua. The 

present result ujher compared ujith the results obtained by others 

for air-breathing fishes reveal that the "b" values in almost 

all the species of Channids approximates the cube lauj, hence, 

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

The condition factor of C_, qachua at different length 

groups as ujell as during different months, has been calculated 

and fluctuations therein luere discussed in relation to maturity 

and feeding rhythms. The results of condition factor indicates 

that the "K" value is much higher in smaller fishes than the 

bigger ones. It is also clear from the study that the limiting 

factors for "K" value are not only the gonadal maturity and gut 

conterats, but some other environmental factors, also seems to 

be responsible. 
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Studies on maturity indicate that both the males and the 

females mature at the same time and hence the fishQ has a simi­

lar breeding period i.e. Dune to August vuith just one spawning 

season during an annual cycle. The occurrence of ripe specimens 

is restricted only during June to August ujhich also clearly in­

dicates about the spawning season of the species in this region., 

This is also supported by the results obtained on the GnnPS.I., 

of the fisheso It has been observed that 50% individuals (l̂ cn) 

mature at 51.0-55.0 mm length group in both the systems. The 

Gn.S.I. values shouued a tendency to increase ujith the increase 

in length. The seasonal peaks in the mean Gn.S.I. values coin­

cided ujxth the peaks in the present occurrence of mature indivir-

duals, hence, Gn.S.I. can be used as an index of gonadal devel­

opment. 

The feeiundity of C_. qachua mas observed to range from 

160 to 1170 eggs in the specimens of 60.0 to 96.0 mm in length 

from'the pond, ujhereas it ranged from 243=1523 eggs in the spe­

cimens ranging 77.0 to 87.0 mm in length from the stream. Fur­

ther, the logarithmic relationships between fecundity of C .qachua 

and its length, body uueight and ovary weight were found to be 

linear. The relative fecundity on an average basis was found to 

be lower in the stream population than the pond population. 

Fecundity estimates suggests that C_. qachua is not very fecund 

in comparison to other species which might be due to the fact 

that the species shouj parental care. 

According to.the present study, temperature could be 

considered aS a- limiting factor affecting fecundity as through­

out the study period the fish in both the systems were found to 

be concentrated along the edge of the banks among the marginal 
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vegatation. This might be due to IOLU ujatar temperature resulting 

in ouercroujding luhich led to a food shortage which in turn resu­

lted in lou/ fecundity. 

Based on numerical and frequency of occurrence methods, 

the diet composition of C^, qachua can be divided into the foll-

ouuing four broad categories : (a) Detritus (b) Uegetable matter 

(c) Phytoplankton and (d) Zooplankton. The louj feeding intensity 

coincided with the spawning season and such a case may be attri­

buted to the completely developed gonad permitting limited space 

in the abdominal cavity resulting in less intake of food. It is 

further clear that the feeding intensity in C« qachua is higher 

in the smaller length groups than the higher lengtti groups. The 

present study reveals that the detritus feeding habit's of Chan-

nids in the highlands of Shillong unlike the lower altitudes 

might be an adaptation of the species to higher altitude owing 

to the relatively poor presence of animal matter in these water 

bodies. 

From the results obtained during the present investiga­

tion and the breeding discussions, the following generalization 

can be made with regards to the ecology of fishes. It can be 

said that fish populations are a part of the ecosystem, which 

are affected by the chemical and physical factors while funct­

ioning within the system through biotic especially trophic in­

terrelationships which supports the view of Weatherley, 1972. 

Temperature of the water, therefore, ib of enormous significance 

in the life of a fish. Fishes being poikilotherms, are more 

dependent on the temperature of their ĥ bTitâ t- i^vKi their 



211 

surrounding water than homoithermal animals. According to IMikol-

aky (l963), in majority of fishes, the body, temperature differs 

from that of the surrounding ujater by only 0,5-1 °C and changes 

in the metabolic rate are most closely associated uuith changes 

in the temperature of the surrounding water. In many cases, 

changes in the temperature function as a signalling factor, a 
••a 

natural stimulus which determines the start of some process such 

as spauining., migration and so on. The rate of dev/elopment of 

fishes is also related to a significant extent to changes in the 

temperature.. Within the limits of a certain amplitude of tempe­

rature, there frequently occurs a direct relation between the 

rate of dev/elopment and the change in temperature. Growth rate 

is closely related to temperature and many, probably most, spec­

ies do not grow at all during winter (Hynes, 1970). Temperature 

has always been considered as an important ecological factor 

and for particularly stream fishes it is an important one which 

limits both broad geographical distribution and local occurre­

nces within a single water course. Besides, the adaptation of a 

fish to a particular temperature (high or low), the amplitude 

of fiujctuation of the temperature at which fishes of the same 

species can live are extremely important. This amplitude of tem­

perature varies considerably from one species to another as is 

evident from the distributional records of Chantiids. If the to­

tal amplitude of the temperature at which a species of fish can 

live is very great, it is significantly less for each stage of 

development,. Fishes also react differently to temperature fluc­

tuations, according to their biological condition. The timing 

and extent of temperature changes are also important, as they 

often control breeding. Hence, the optimal temperature to which" 

a fish adapt can also be considered a species characteristics. 
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The present study further corroborates the vieuj of Waatherley 

(1972) that fishes of higher lacitudes have euolued a metabolic 

type Luhich enables them to feed successfully at uery louy temper­

atures unlike the fishes of loaier latitudes. Within the limits 

of the optimal temperature for a given species, a rise in tempe­

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

The gaseous metabolism of fishes also changes considerably 

as the temperature varies. Since the fish is adapted to life at 

a particular temperature, it is natural that its distribution in 

the water cujould be related to that of the temperature. As the 

temperature changes both seasonally and secularly, the distribu­

tion of the fish also changes. One may judge the adaptation of 

separate species of fishes to particLilar temperatures visually, 

from the curves shoujing the- frequency of occurrence of each spe­

cies in relation to the distribution of temperatures. Thus the 

relationship betaieen the distribution of separate species and 

the temperature is very strong, 

Adaptive changes ujhich occurs in fishes uihen the tempera­

ture varies, are also connected o/ith some morphological recon­

struction. Therefore, the adaptive reaction to variations in 

the temperature, salinity, the density of the ujater and so on 

appears as Variations in the number of caudal zone vertebrae, 

and in the number of rays in the unpaired fins. In 1909, PusJî eT 

(op > cit. IMikolsky, 1963) suggested that the aquatic organisms 

can live not only by eating particulate food, but also by assi­

milating salts and organic matter dissolved in the water, which 

permeated into the body across its walls. Many of the salts 

dissolved in the water exert a fundamentally indirect effect 

upon fish, by influencing the food organisms or even their food, 
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The organic matter transported by rivers, particularly during 

the flood period, ensures a rich dBVelopmsnt of the various org­

anisms ujhich form the food of fishes in the estuarine region. 

The presence of substances dissolved in the luatsr luhich 

are' not normal constituents of freshuJater, but ujhich enter it as 

the result of various human activities such as tree felling, 

industrial effluents, pollution by oil, processing of mineral 

ores, and so on, has become particularly important to fishes. 

The effects of other dissolved compounds luhich enter the mater, 

both organic and inorganic, are also rather variable in fact the 

majority of them effect primarily the course of respiration. 

Like all other animalsj fishes cannot live tuithout the 

access of oxygen to the organism through its blood, vuhich ensu­

res the metabolism and thereby the life of the fish. Naturally 

therefore, the cessation of access of oxygen to the blood- leads 

to the death of the fish in a short time. Only a few species, 

living in waters in uihich for various reasons, there frequently 

develops an oxygen deficit, are adapted to breathing atmospheric 

air. In the Murrels (Ophicephalidae), the epibranchial organ is 

represented by paired outgroujths in the pharynx. The walls of 

these outgrowths are very rich in blood capillaries. According 

to Nikolsky (1963), the Snake-head Ophicephalus striatus Bl. 

dies from lack of oxygen in 30-197 minutes when prevented from 

reaching the surface. Apparently young snake heads die sooner 

from suffocation than older ones. The majority of fishes which 

are adapted to breathing atmospheric air are inhabitant's of sub­

tropical and tropical latitudes, and only, few live in the waters 

of temperate and high latitudes. 
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Apart from oxygen, other gases are also of considerable 

importance to fishes. It is tueli known that CÔ ) euen in relativ 

ely small doses causes the death of fishes which might be the 

reason of poor population of the fish (Channids) in these systems 

as the CO2 (free) concentrat'ion was quite high than the water 

bodies of lower latitudes in general. The mechanism of the action 

of carbon-dioxide upon fish like other animals consists of the 

reduction of the bloods capacity to absorbs oxygen. The amount 

of CO2 in the water is directly proportional to the pH, changes 

in which also hav/e a severe effect upon fishes. As the acidity 

of the water increases, the rate of metabolism falls, although 

the respiratory rhythm increases in more acid water compared to 

either neutral or alkaline. 

Fishes are adapted to moving through both still and flow­

ing water and the body shape, fin structure and certain other 

features in the structure of the fish are connected with this. 

Fishes of the family Channidae are snake-shaped ija. the body is 

much elongated, transverse section almost circular and are usua­

lly inhabitants of weeds. 

Forma belonging to the same species, but living in flow» 

ing and stagnant waters, differ in their adaptation to currents. 

River currents affect the fish organism not only mechanically, 

but through the medium of other factors. Usually, water masses 

with fast currents are characterized by super saturation with 

oxygen. For <;his reason rheophilic fishes are also at the same 

time oxyphilic i.e. they require plenty of oxygen and conver­

sely fishes which inhabit slowly flowing a stagnant waters are 

Usually adapted to a different oxygen regime ai.J can withstand 

an oxygan deficit batter. 
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Not all the fishes of rapid luatsr are sujimmers, many main­

tain themselues close to the bottom or in shelter under and beh'=> 

ind stones (Hynes, 1970), In the present study too, the Channa 

species from the stream vuere found to maintain themselves close 

to the bottom and in sheltered areas under stones and marginal 

vegetation. These fishes living on t he bottom or stony substrata 

are dark coloured and more usually (boldly) mottled so that they 

blend into the background, Hynes (1970) reported that fishes 

can exert some control over their colour, becoming paler.on pale 

coloured backgrounds and no stream fish can match the spectacu­

lar performance of the plaice, tuhich can adjust fairly rapidly, 

The food supply has a profound affect on the numbers and 

masses of fish populations. The amount of food eaten determines 

the fecundity of the year classes, as aiell as the gromth rate 

and time of sexual maturity and hence the life span and the 

length of the feeding season in turn is affected by the onset of 

unfavourable conditions. The food supply is, therefore, gover­

ned by the conditions for obtaining and utilising the food and it 

is also dependent on abiotic conditions during the feeding per­

iod, such as temperature, illumination, winds and changes in 

the size of feeding area, 

The icthyo-fauna of high altitudes are usually adapted to 

eating various types of food, on account of the high variability 

of the available food. The range of food organisms may vary 

greatly from area to area, even as regards principal food, es­

pecially in freshmater conditions (Nikolsky, 1969). 
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aiâ er fish pond at Burdiuan, West Bengal. Trop. 
Eool. 16 : 43-48. 

Nanooch, C.S, '976. Reproductive cycle, fecundity and sex ratios 
of the Red Pergy, Paqrus paqrus (Pisces : Sparidae) 
in ;Morth Carolina, Fishery Bulletin. 74(4). 

•Mara, M.F. 1940, Plankton production of Plymouth and the mouth 
of the English channer in 1939. 3our. Marine. Biol. 
Assn. U.K. 24 : 461-482. 

Marshall, S.f'>., A.G. IMicholls and A,P. Orr. 1939. On the growth 
ar.d feeding of young herring in the Clyde. 3, Mar. 
Biol, Assoc, U.K. 23 : 427-455. 

Martin, W.R. 1949. The mechanics of enuironmental control of 
bocv form in fishes. Uniu. Toronto Stud. Biol. 58 
(PuQl, Ont. Fish. Res..Lab. 70) : 1-91. 

Mathur, R. 197?. The effect of porcine calcitonin on plasma 
ca_cium in Channa punctatus Bloch. 3. Fish. Biol. 
15(3) : 329-336. 

McClelland, C, 1839, Indian Cyprinidae. In: Asiatic Researches. 
'9(2) : 217-465. 

McFadtyen, 3.~,, E,L, Cooper and 3.K, Andersen. 1965. Some effects 
cf environment on egg production in brooin trout 
(Salmo. trutta), Limnol, Oceanogr. 10 : 88-95, 

••McGregor, E.A, 1522. Observations on the egg yield of Klamath 
RivBr King salmon. Calif. Fish, Game. 3 l 160-164. 

Menon, A,G,K, 1951. -The role of the Eastern Ghats in the distri­
bution of t he Malayan cfauna and flora to Pennin-
sular India. Proc. Nat. Inst. Sci. India. 17(6) : 
475f.497. 

• * 



232 

Menon, M.D. 1950, Bionomics of the Pool Cod (Gadus minutus L.) 
in the Plymouth area* 3. mar. biol. flss"^ U.k. 29 : 
185-239, 

•Michael, R.G, 1965. Ph.D, Thesis, Calcutta University, India.165. 

Michael, R.G, 1966. A neuj rotifer, Conchilus madurai 3p, nou,, 
from an astatic pool in Madurai, South India, Zool, 
Anz. 177 : 439-441., 

Michael, - R.G," 1968. Studies on zooplankton of a Tropical fish 
pond. Hydrobiologia. 32(l-2) ; 47-68. 

Michael, R.G. 1969, Seasonal trends in physico-chemical factors 
and plankton of a freshwater fish pond and their in 
fish culture, Hydrobiologia, 33(l) : 144-160, 

Michael, R.G, 1973, A guide to the study of fresho/ater organisms, 
2. Rotatoria, 3, Madurai Uniu,, Suppl, 1 : 23-36, 

Michael, R»G, 1980. A historical resume of Indian Limnology. 
Hydrobiol. 72 : 15-20, 

Michael, R.G, and M.R, Chandran. 1967. On the biochemical compo­
sition of the conchostracan Caenestheriella annan-
da.U Daday. Biolagis. Zent. 86(4) ': 495-499. 

Michael, R.G, ^nd U,M, Ansslm, 1978, Role of nannoplankton in 
primary productiuity studies in tropical ponds, 
l/arh, Internat, l/erQin. Limnol. 20 : 2196-2201, 

Mishra, A,K, and B,R, Singh. 1979, Effect of thermal stress on 
oxygen consumption through vuater of the air-breath­
ing fish Channa qachua ( B 1 . ) , Indian 3. Exp, Biol, 
'7 : 892-894, 

Mishra, K.D. '/978, The anatomy of the synopsis in the central 
nervous system of Channa qachua (Ham,), Teleostomi: 
Pisces, Indian 3, Zool. 6(2) V 72-76, 

Misra, K.S. 1959, An aid to the identification of the Common 
Commercial fishes of India and Pakistan, Rec, 
Indian Mus., 57(l-4) ::.1-320.. 

Mitra, G, N, 1956, Reclamation of siuamps for fishery development 
in Orissa, Progr. Pish. Develop, India : 54-62. 

Mohr, 3.L. 1952. Protozoa as indicator of pollution, Sci, Mon, 
N.Y. 74t1, 

Moitra, S,K, 1956. On the food habits of some fishes of Lucknovu, 
Prcc, Zool, Soc, Bengal. 9(2) : 89-91, 

Moitra,' S,K. and B.K. Bhattacharya, 1965, Some hydrological 
facytors affecting plankton production in a fish pond 
ir, Kalyani, W,Bengal, India. Ichthyol, 4 : 8-12, 

Moitre, S»K, and M.L. Bhotumich. 1968. Seasonal cycles of roti­
fers in a freshujater fish pond in Kalyani, West 
Bergal, India, Proc, Symp, Recent Adv-, Trop, Ecol, 

. 1 : 359-367, 

Moitra,, 3,K, and S.K, Mukherji. 1972, Studies on the freshujater 
plankton of a fish pond in Kalyani, W,Bengal, India, 
Vest, Cs, spol, zool, 36(1 ) t 23-28, 



233 

Moyle, P.B., R.E. Andreiua, R.M, Jenkins, R.L. Noble, S.B. Saila 
and W.O, Wick. 1979, .'̂ Qsearch Meeds in Fisheries, 
Trans, 44th Amer, Wildlife & Nat. Resour, Conf. 
Publ, by Wildlife Management Institute, Washington 

• D.C. 176-187i 

Mookerjee, H,K. 1946, Life histories of some carnivorous fishes 
of Bengal. Sci. & Cult, 11 : 102-103. 

Mookerjee, H.K., D»N, Ganguly and M, Islam. 1946, On the compo­
sition of Dphicephalus punctatus Bloch, Proc,33rd 
Indian Sci, Cong, 3 i 131, 

Mookerjee, H.K., D,iM, Ganguly and R.N, Bhattacharya- 1948. On 
the bionomics, breeding habits and development of 
Dphicephalus striatus Bl. Proc. Zool, Soc, Bengal. 
1 : 56=64. 

Mookerjee, H,K., D,N, Ganguly and S.C, Mallick. 1950, On theo 
life history of Dphicephalus qachua Ham, Proc. Zool. 
Soc, Beng, 3 : 169-179, 

Mulford, R,A, 1972. Phytoplankton of Chesapeake Bay. Ches, Sci, 
13 : 74-81, 

Munauiar, M, 1970. Limnological studies on fveshwater ponds of 
Hyderabad, India, I. The Biotope, Hydrobiol, 35 : 
127-162. 

Munaujar, M, 1970. Limnological studies of freshwater ponds of 
Hyderabad, India, II, The Biocenose, Distribution 
of unicellular and colonial phytoplankton in pollu­
ted and unpolluted environments, Hydrobiol, 36(l) i 
105-128, 

Murugesan, \/,X, 1978. The grou/th potential of the murrels, 
Channa marulius (Ham. ) and Channa striatus (Bloch). 
T, Inland Fish. Soc. India. 10 : 169-170, 

Mustafa, S, 1979. RNA and synthesis of protein in relation to 
• biological condition of freshiuater teleost, Channa 
punctatus. Comp, Physiol, and Ecol. 4(-3) ; 118-120, 

Mustafa, S. and A.K. Jafri. 1977, RNA and protein contents in 
the rflesh of the teleost Channa punctatus Bloch 
during groiuth, Annales de Biologie Animale Biochimie 
Biphysigue. 17(6) : 991, 

Myers, G,S, and v. Shapovalov, 1931. On the identity of Dphice­
phalus and Channa. tujo genera of labyrinth fishes. 
Peking nat. Hist. Bull, 6(2) ; 33-37« 

Naidu, K,U. 1962. Studies on the freshwater protozoa of South 
India- I: Euglenoidina, 3, Zool, Soc. India. 14(l : 
68-92. 

Naidu, K.V. 1966. Studies on the freshujater protozoa of South 
India. XII',: Eagier)oidiria.2. Hydrobiologia. 27:23-32, 

Naidu, K.\y. 1967, A contribution to the Rotatarian fauna of 
South India, 0, Bombay nat. Hist, Soc, 64 : 384-388, 

Nair, K.K.N, and C.K.G, Nayar, 1971. A preliminary study of the 
rotifers of Irinjalakuda and neighbouring places. 
:i, Ker. Acad, Biol. 3 : 31-43. 



234 

Narasimhan, K.A. 1970, On the length-ujeight relationship and 
relative condition in Trichuirus lepturus (Linneaua). 
Indian 3, Fish. 17(l-2) I 90-96. 

Nasar, S.A.K, 1973. The zooplankton fauna of Bhagalpur : Rotifer. 
0. Bh. U. 6(1) ; 55-62. 

Nasar, S.A.K, 1975. Studies on some aspects of pond ecosystem at 
Bhagalpur. Ph.D. Thesis. Bhagalpur University, 

Nasar, S.A.K, 1977a* Diurnal variations in some physico-chemical 
factors in a pond in Bhagalpur, India, Comp, Physiol, 
Ecol,. 2(3) : 145-149, 

Nasar, S.A.K. 1977b. Observations on a planktonic Ostracoda -
Cypricercus munshii. O.Res. Crustacea. B : 32-36o 

Nasar, S.A.K, 1977c, Investigations on the seasonal periodicity 
of zooplankton in a freshiuatsr pond in Bhagalpur, 
India. Acta. Hydrochim. Hydrobiol. 5(6) : 577-584e 

Nasar, S.A.K. 1977d, The zooplankton fauna of Bhagalpur (Bihar): 
Cladocera. Research in Crustacea. 3apan, 8 : 32-36., 

Nasar, S.A.K. 1978, Studies on certain chemical properties of 
soil in a freshujater pond of Bhagalpur, India* 
Indian 0, Soil Conserw. 6(l) t 24-27. 

Nasar, S.A.K. 1979a. Seasonal periodicity of zooplankton in a 
tropical freshujater saiamp in Bhagalpur. Tropical 
Ecology, (supl.). In Press, 

Nasar, S,A,Ki 1979b, Effect on certain organochlor insecticides 
on primary production in a freshujater pond. Prog, 
Water. Tech. 11(6) : 247-251, 

Nasar, S, A.K.. 1980a. Primary productivity studies on fresho/ater 
fish ponds of Bhagalpur, India. Acta. Hydrochimo 
Hydrobiol. 8(6) : 569-582. 

Nasar, S.A.K, 1980b. Limnology in India - What should uje do next? 
Paper presented at the 1st Workshop on the promotion 
of Limnology in the developing countries. 21st SIL 
Congress, Kyoto, Japan. 

Nasar, S.A.K. and J.Op Datta Munshi. 1971, Studies on the mac-
rophytic biomass production and fish population in 
an abandoned pond of BhagalpuTj Bihar, 0. Bh. U, 
4(1) : 8-16. 

Nasar, S.A.K. and 0»QD Datta Munshi. 1974. Seasonal variations 
in the physico-chemical and biological properties 
in a tropical freshujater pond, Jap, 0. Ecology. 
24(4) : 255-259. 

Nasar, S.A.K. and 3.Qp, Datta Munshi. 1975. Studies on the pri" 
mary production of a freshujater pond, Jap. 0. Eco­
logy. 25(1 ) : 21-23c 

Nasar, S.A.K, and 3.^ Datta Munshi. 1976. Studies on the bio­
mass production of Spirodela polyrhiza schleido 
Geobios. 3(4) : 134-135. 

Nasar, S.A.K. and 3. Datta Munshi. 1978, Biomass production 
of Potamoqeton crispus. L, Limnologica (Berlin)e 
11 (2; t 457-461. 



235 

Nasar, S.A.K, and J.fJ^Datta r-iunshi. 1980, Studies on the ssa-
/ spnal variations in the fungal population of a fre«-

shujater pond of Bhagalpur, India. Limnologica. 
12(1) : 137-139. 

Nasar, S.A.K. and M, Deb. 1979. Cypridopsis ochracea Sars,1924 
(Crustacea : Ostracodaj. Aneuj record from India. 
Curr. Sci. 44(8; : 271-272. 

Nasar, S.A.K. and n, Sharma. 1980. Primary productivity in rela­
tion to the abiotic factors in a temporary fresh­
water pond. Acta. Hydrochim. Hydrobiol. 8 (5 ):435-442. 

Nasar, S.A.K. and Sukhbeer Kaur. 1979, Culturable fishes of 
India. Science Reporter. 16(8) : 486-488, 

Nasar, S,f\,K, aad Sukhbeer Kaur* 1981, Obssrfatldns 6/1 the able-
tic factors and planktonic periodicity in a shailbiu 
pond from the highland of Shillong (India). Acta 
Hydrochim. Hydrobiol. 9 : (in Press), 

Nath, B. 1966. Prehistoric animals of India and their b&atlagi> 
on early Indian culture* Proc* All India Cdngf» 
Zool. 2(2) : 6-13. 

Natarajan, A.U. and A.G. Hhingran. 1963, On the bidlopy of Catla 
catla (Ham.) from the river Jumna. Prbc« nat« Inst, 
Sci. India (O) : 29(3) : 326-355. 

Nayar, C.K.G. 1964. Morphometric studies on the rotifer Br.adh'-'. 
iohus calvpiflogus Pallas. Curr» Sci* 33 i 469-470* 

Nayar, C.K.G, l965a. taxonomic notes on the Indian species of 
Keiratella (Rotifara). Hydrobiologia,. 26 : 457-462. 

Nayar, C.K.G, 1965b. Three neuj species of conchdstraca (Bradh** 
iopoda ; Crustacea) from Rajasthah* Bull* Syst* 
Zool. 1 ( 1 ) : 18-23, 

Nayar, C.K.G. 1965c. Cyclamorphosis of BrachipnUs ealVdifJflPLisl 
Pallas. Hydrobiologia. 25 : 538-544, 

Nayar, C.K.G, 1968, Rotifer fauna of Rajasthan. Hydrobiol^ 31 : 
168-185. 

Nayar, C.K.G. 1970. Studies on the Rotifer population eftujd 
ponds at Pilanla Rajasthan, 3. ZQol, Sod* India* 
22(1-2) : 21=34o 

Nayar, C.K.G. 1971. Cladocera of Rajasthan. Hydrobibl* 3.1 i 
509-519. 

Nayar, C.K.G. and K.K.N. Nair* 1969* A coliectidn of bfachibnid 
rotifers from Kerala. Prdc* Indian Adad* Sci. 69 : •: 
223-233. . 

Nikolsky, G«\/. 1961. On some adaptations to the regulation of 
population density in fish species luith different 
types of stock structure. The exploitation of nat­
ural animal populations (B.D, LeCran & H.W. Hold-
gate, Eds.). Blackujell Scientific Publications, 
Oxford. r-rrf"̂  

Nikolsky, G.U. 1963, The Ecology of Fishes. Academic Presŝ "̂ "̂̂ ' 
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