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total langth. The regression equation for juvenile was 

estimated to be: 

Log W = - 3,9258 + 2.4475 Log Tl 

r = 0.'9556 

The parabolic equation for juvenile was determined to 

be; 

W = 0.0001683 Log^*^^'^^ 

The exponential index (b) for the juvenile (2.4475)^ is 

lower than that of male (3.0883),'and female (3.2827). This 

shows that juvenile is lighter in weight in relation to its ' 

length than the male or female, 

Length-weight relationship in A, hexagonolepis calculated from 

the eviscerated weight; 

The entire total length and eviserated weight data was 

pooled into a single equation which was calculated to be: 

Log W = - 5,1733 + 3.0542 Log Tl 

r = 0.9734 

The parabolic equation was determined to be; 

W = 0.000006699 L^*^^^^ 

The exponential index (b) of 3»054 was found to be 

slightly lower than that calculated from total weight (3,064), 

Length-weight relationship in T_. tor: 

'The entire length-weight data of T, tor was pooled into 

a single equation, which was calculated to be: 
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Log W = - 5.1252 + 3.0284 Log Tl 

r = 0.9979 

where W = Total weight and Tl = Total length. A high degree 

of positive correlation between length and weight has "been 

indicated by the correlation coefficient (r). 

The parabolic equation derived is as follows: 

W = 0.000007479 L̂ **̂ ^̂ ^ 

The 'b' value of 3.0284 indicates that it follows closely 

the cubic law for isometric growth. 

On plotting the observed average weight of the species 

(̂ , tor) against the observed length, a parabolic curve has 

been obtained (Fig, 8A), A logerithmic graph prepared with 

the above data showed a straight line relationship (Fig. 8B). 

The various regression equation of T, tur has been presented 

in Table 15. 

Length-weight relationship in T. tor during different seasons: 

The length-weight relationship was calculated during the 

different seasons, to see the seasonal impact on the relition-

ship. Three seasons, viz. summer, monsoon and winter have 

been taken into consideration. It is evident from the results 

that the value of regression co-efficient tends to be higher 

during winter and lower during monsoon (Table 16). 

Length-weight relationship in male and.female of T, tor; 

The length-weight relationship in male is based on the 

examination of specimens ranging from 110.0 mm to 263.0 mm 
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gold that of female from 124.0 ram to 312.0 mm in total length. 

The regression equation for male v̂ as estimated to be: 

Log W = - 4.4787 + 2.7525 Log Tl 

r = 0,9661 

The regression equation for female was estimated to 

be: 

Log W = - 4.5492 + 2.7807 Log Tl 

r = 0.9889 

The parabolic equation for male was determined to be: 

W = 0*000052125 L̂ *'̂ ^̂ ^ 

The parabolic equation for female was determined to 

^®* W = 0.00002823 l}*^^'^^ 

The exponential index (b) for male (2,75) shows that 

the male is slightly lighter in weight in relation to its 

length than the female (b = 2.78). 

Length-weight relationship in juvenile of T, tor; 

The length-weight relationship in juvenile is based 

on the examination of specimens ranging from 108.0 mm to 

164.5 mm in total length. The regression equation for juve­

nile was estimated to be: 

Log W = - 4.7451 + 2.6620 Log Tl 

r = 0.9850 

The parabolic equation for juvenile was determined 

to be: 
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W = 0.000001798 L^»^^20 

The exponential index (b) for the juvenile (2.652) 

wns found to be lower than that of male (2.7525) and fem-̂ le 

(2.7807). This shows that juvenile is lighter in weight m 

relation to its length than male and female. 

Length-weight relitionship in T. tor calculated from the 

eviscerated weight; 

The entire total length and eviscerated weight data 

v;as pooled into a single equation which was calculated to be: 

Log W = - 5.1281 + 3.0127 Log Tl 

r = 0.9993 

The parabolic equation was determined to be: 

W = 0,000007444 L̂ '̂ 'l̂ 'T' 

The exponential index (b) of 3.012 was found to be 

slightly lower than that calculated from total weight (3.0284), 

The value of correlation co-efficient 'r' was found to 

be 0,9993, which indicates a high degree of positive correla­

tion between total length and eviscerated weight in T, tor, 

Length-weight rel itionship in T. putitora; 

The entire length-weight data was pooled into a single 

equation which was calculated to be: 

Log W = - 4.8308 + 2.8863 Log Tl 

r = 0.9974. 
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A high degree of positive correlation between length 

and weight of T. putitora has been indicated by the correlation 

co-refficient (r), 

The parabolic equation was determined to be: 

W = 0.00001476 L^'^^^5 

The exponential index (b) in T. putitora is less than 

3.0 which indicates that its growth is allometric. The regres­

sion equations for T. putitora have been presented in Table 15. 

On plotting the observed average weight of the species 

Ŝ.» putitora) against the observed length, a parabolic curve 

has been obtained (Fig, 9A) , A logerithmic graph prepared v;ith 

the above data showed a straight line relationship (Fig, 9B), 

Due to lack of adequate number of specimens of 

T, putitora, no attempt could be made to find out the length-

weight relationship for different sex, size or season, 

Length-weight relationship in T. putxtora calculated from 

eviscerated weip;ht; 

The entire total length and eviscerated weight data was 

pooled into a single equation which was calculated to be; 

Log W = - 4,5752 + 2.7673 Log Tl 

r = 0.9984 

The parabolic equation was determined to be: 

W = 0.0000265 L̂ *'̂ '̂̂ ^ 
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The exponential index (b) of 2.7673 was found to be 

slightly lower than that calculated from total weight (2̂ .8863) • 

The 'r' value (0.9984) indicated a high correlation between 

total length and eviscerated weight in T. ̂ utitora. 

•L 
LENGTH-FREQUENCY DlSTKlBUTION 

To find out the length-frequency distribution, graphs 

have been prepared by converting the frequencies into percen­

tages and plotting the same against the respective length 

groups. 

Length-frequency distribution of A. hexagonolepis; 

The length-frequency distribution of A, hexagonolepis 
'-/ . 

for the entire period of study (Fig. 10) indicate the presence 

of one distinct mode at 90-100 mm length group and another 

minor mode at 240-250 mm length groups. 

Length-frequency distribution of T. tor; 

The length frequency distribution of Î , tor for the 

entire period of study (Fig. 11A) indicates the presence of a 

single distinct mode at 150-160 mm length group. 

Length-frequency distribution of T. putitora; 

The length frequency distribution of T. putitora for 

the entire period of study (Fig, 11B) indicates the presence 

of a single distinct mode at 130-140 mm length group. 
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CONDITION FACTOR 

Condition factor (K) and relative condition factor (Kn) in 

A, hexagonolepis at different length groups: 

The condition factor (K) and relative 'condition factor 

(Kn) have been calculated for each 50 mm length groups and 

presented in Table 1?. 

The 'K' value shows a fall at length group II (101-150 

mm) and thereafter it rises steadily reaching its peak at 

length group VIII (401-450 mm) (Fig. 12A). The 'Kn' value 

shows a fall at length group II (I0l-150'mm), and thereafter 

maintains the same value showing minor variations (Fig, 12A). 

Monthly fluctuations of the condition factor (K) and relative 

condition factor (Kn) in A. hexagonolepis; 

Monthwise averages of condition .factor 'K' and relative 

condition factor 'Kn' have been calculated for the entire two 

year period to elucidate the seasonal fluctuation and presen­

ted in Table 18. The average 'K' values show an increasing 

tendency from the month of January onwards arjd attain a peak 

in May (Fig, 12B). The male and female tends to maintain the 

same trend with minor oscillations (Fig, 13A), whereas the 

juvenile shows-a different pattern of fluctuation (Fig, 13B). 

It is evident from Fig. 12B that the period of peak is quite 

long and remains almost from May to November, whereafter the 

'K' value drops abruptly. The 'Kn' values followed almost the 

same pattern as 'K' in its monthly fluctuations (Fig. 12B), 
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Table 18: Monthly fluctuations in the condition factor (K) 

and Relative condition factor (Kn) of A. hexagonolepis 

and It, tor. 

Months 
Condition factor 

A. hexagonolepis T. tor 

Relative condition factor 

A. hexagonolepis T, tor_ 

1978 Aug. 

S e p t . 

Oc t . 

Nov. 

Dec. 

1979 J a n . 

F e b . 

Mar, 

Apr. 

May 

J u n e 

J u l y 

Aug. 

S e p t . 

O c t . 

Nov. 

Dec, 

1980 J a n . 

F e b . 

Mar. 

Apr. 

May 

J u n e 

J u l y 

0 . 9 9 0 

1.010 

1.057 / 

1.075 

1.003 

0 . 8 5 7 
0 . 8 5 0 

0 . 9 1 9 

0 . 6 9 5 

0 . 9 6 2 

0 . 9 9 6 

1.030 

0 . 8 7 0 

1.170 
1.170 

1.180 

-

1.'l50 

1.150 

1.120 

0 . 9 9 0 

-

0 . 9 9 0 

1.020 

0 . 9 9 0 

1.060 

0 . 8 8 0 

0 . 8 7 0 

0 . 8 6 0 

0 . 8 8 3 

0 . 8 0 2 

0 . 8 4 0 

0 . 9 3 2 

1.024 

1.037 

1.050 

1.010 

1.030 

0 . 8 2 3 

0 . 8 5 0 

-

0 . 8 0 7 

0 , 8 3 2 

0 . 9 0 8 

0 . 9 1 1 
-

1.010 

1.030 

1.051 

0 . 8 8 3 
1.020 

1.200 

1.199 

1.134 

0 . 7 5 4 

1.089 

1.061 

1.085 

1.089 

1 .093 
0 . 7 4 0 

1.115 

1.108 

1.189 

-

1.108 

1.054 

1.037 

0 . 7 5 5 
-

1.157 
1.160 

0 .949 

1.042 

0 . 9 9 2 

0 , 9 8 8 

0 .985 

1,041 . 

0 . 9 7 0 

0 . 9 7 2 

1.037 
1.101 

1.071 

1.041 

1.052 

I0O77 

1.036 

1.002 

-

0 . 9 8 8 

0 . 9 8 7 

0 . 9 8 9 

1.011 

-

1.121 

1.132 



72 

Conditicn f'dctor (K) and relative condition factor (Kn) in 

T.tor at different length groups: 

The condition factor (K) and relative condition factor 

(Kn) have been calculated for each 50 mm length groups and 

presented in Table 17. The average 'K' value (Fig. 14A) showed 

a slight decrease in length group II (151-200 mm) and III (201-

250 mm), whereafter it showed a grautual rise, attaining the 

maximum value at length group V (301-350 mm). The ^Kn' values 

(Fig. 14A) showed almost the same pattern as 'K' in its 

fluctuation with the increase in length of the fish except in 

length group IV (251-300 mm). 

Monthly fluctuations of the condition factor (K) and relative 

condition factor (Kn) in T, tor; 

Monthwise averages of condition factor 'K' and 

relative condition facor 'Kn' have been calculated for the 

entire two year period to -elucidate the seasonal fluctuations 

and presented in Table 18, 

It is evident from Fig. 14B that the peak remains for 

quite long, almost from May to September whereafter the 'K' 

values drop abruptly. The 'Kn' values in its seasonal varia­

tions showed almost the same pattern of fluctuation as in 'K' 

with minor oscillations (Fig. 14B). 

Condition factor (K) and relative condition factor (Kn) of 

T, putitora at different length groups: 

The condition factor 'K' and relative condition factor 



Table 19: Seasonal fluctuations in the condition factor, 

gonado-somatic index and gastro-somatic index 

of T. putitora 

Condition factor Relative condition Gonado- Gastro-
factor somatic somatic 

index index 

1978 

1979 

1980 

Monsoon 

Winter 

Summer 

Monsoon 

Winter 

Summer 

0.845 

0.801 

0.776 

0.871 

0.842 

0.820 

1.203 

1.123 

1.053 

1.216 

1.156 

1.132 

0.502 

0.373 

0.306 

0.871 

2.143 

1.868 

2.955 

2.326 

0,842 2.084 

0.820 2.583 

Note : In case of T. putitora the data could not be repre­

sented monthly because samples could not be obtained 

during the months. 
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'Kn' have been calculated for each 50 mm length groups and 

represented in Table 17. The 'K' value showed a decreasing 

trend with the increase in length of the fish (Fig. 15A).<ZZ^!^J 

Seasonal fluctuations of the condition factor (K) and relative 

condition factor in T. putitora; 

The condition factor 'K' and relative condition factor 

'Kn' have been calculated for different seasons (summer, mon­

soon and winter) for the entire two year period and presented 

in Table 19. The 'K' factor shows higher values during monsoon 

and lower values during summer (Fig, 15B). The 'Kn' values 

also showed the same trend (Fig, 15B), 

MATURITY AND SPAWNING- IN A. HEXAGONQLEPIS 

Cycle of maturation: 
/ 

Percentages of different maturity stages during diffe­

rent months have been calculated and presented in Fig. 16. 

Ovary condition progressed from stage I (immature) into stage V 

(gravid) in March. Ovary in stage VI (spawning) was recorded 

from April onwards till October, This indicates that apawniug 

season of A. hexagonolepis generally extends from i^ril to 

October. However, in few instances, ovaries in stage VII 

(spawning/spent) condition have also been recorded during 

April, September, November and December. 

Ova-diameter study; 

To find out the ova-diameter frequency during different 



74 

stages of ovari.-in developmant of mature A, hexagonolepis 

a graph has been plotted by converting the fnequencies 

into percentages and plotting the same against the respect­

ive ova-diameter groups (Fig. 17). 

The fully mature ovaries (Stage V) were found to 

contain ova in various stages of development. The batch of 

fully matured ova were not clearly demarked from the imma­

ture stock. The size of the fully mature ova in stage V 

ranged from 2.84 - 3.00 mm. The frequency distribution of 

ova at various stages of development between the immature 

and mature stock was more or less uniform. The spawning/ 

spent ovary (Stage VII) contained a second batch of ova 

progressing maturation, 

Gonado-somatic index; 

Monthly averages of gonado-somatic index for the 

entire two year period has been presented in Table 20, 

It is clear from Fig. 18B that the Gn.S.I. showed 

a wide fluctuation. However, its maximum value observed 

during August in the first year and September in the second 

year and minimum value v>?as observed during October in the 

first year and March in the second year. 

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

groups (Fig. 18A) indicated that there is a definite tenden­

cy for the Gn.S.I. to increase with the increase in total 



Table 20: Monthly f l u c t u a t i o n s i n t h e ĝ  
of A. ^^o-^ap-onolepis 

onado-somatic index 

J anuary 
February 

March 

Apr i l 

May 
June 

J u l y 
August 
September 

October 
November 
December 

3.332 
1.430 

0.800 

0.843 

2.322 
1.200 
2.220 

1.283 

1.37i^ 
1.370 

1.367 
0.928 

3.002 

2.321 

0.455 

0 . 

1 . 

0. 

1. 

1 

1 

854 
>736 

.111 

.248 

.608 

.405 



Table 21: Fluctuations in the gonado-somatic index in 

different length-groups of the three species 

Length-Groups A. hexagonolepis T. tor T. putitora 

50 - 100 1.484 - 0.325 

101 - 150 1.718 1.335 0.300 

151 - 200 0.904 0.759 0.281 

201 - 250 0.659 0.255 0.324 

251 - 300 2.171 0.747 

301 - 350 2.786 0.240 0.089 

351 - 400 

401 - 450 6.982 



Table 22: Mean l e n g t h of A. hexagonolepis a t M^Q (50;>^ 

m a t u r i t y ) 

Length (mm) % mature male % mature female 

7 0 - 8 0 0 

8 1 - 9 0 0 

91-100 11.11 

101 - 110 15.78 

111 - 120 23.52 

121 - 130 26.66 

131 - 140 18.18 

141 - 150 25.00 

151 - 160 25.00 

161 - 170 ' 20.00 

171 - 180 25.00 

181 - 190 33.33 

191 - 200 50.00 

201 - 210 50.00 

211 - 220 0 

221 - 230 0 

231 - 240 66.00 

241 - 250 25.00 

251 - 260 66.00 

261 - 270 0 

281 - 290 100.00 

291 - 300 . 0 

301 - 310 0 

321 - ,330 0 

441 ^ 450 ' "̂ .̂~ . 0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20.00 

50.00 

66.66 
33.00 

75.00 

66.66 
75.00 
50.00 
75.00 

100.00 
100,00 
100.00 
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length. However, this trend is interrupted in length groups 

III and IV where it shows a decrease (Table 21j. 

Size at first maturity: 

All t h e female specimens below 201 mm were found t o 

be immature. However, i n case of male, m a t u r i t y f i r s t 

appeared i n specimens belonging t o l e n g t h group 91-100 mm, 

I t i s ev iden t t h a t 50% m a t u r i t y i n case of male occurs a t 

l eng th group 191-200 mm (Table 2 2 ) . In case of female spe­

cimens 50% m a t u r i t y f i r s t occurs a t 211-220 mm l e n g t h group. 

All t h e males were found to be mature a t l eng th group 2 8 1 -

290 mm and a l l t h e females were found t o be ra^ature a t l e n g t h 

group 301-310 mm. 

.1 

FECUNDITY 

Fecundi ty of _Â  hex ago no lap i s v a r i e d c o n s i d e r a b l y 

from i n d i v i d u a l t o i n d i v i d u a l and ranged from 533 i n t h e 

specimen measuring 196,0 mm and 7^ .^ gm i n t o t a l l eng th and 

t o t a ] weight r e s p e c t i v e l y t o II66O i n a specimen measuring 

442.0 mm and 1000,00 gm i n t o t a l l eng th and t o t a l weight r e s ­

p e c t i v e l y (Table 23 and F i g . 17) . 

The r e l a t i o n s h i p of f ecund i ty wi th t o t a l l e n g t h , 

t o t a l weigh t , ovary vjeight, and between ovary weight and 

t o t a l l e n g t h have been c a l c u l a t e d and summarized below: 

Fecundi ty v s . t o t a l l e n g t h : 

The loge r i t hmic r e l a t i o n s h i p between f ecund i ty (F) 



Table 23: Fecundity and relative fecundity of A. hexagonolepls 

Total 
length 
(ram) 

196.00 

205.00 

235.00 

245,00 

250,00 

287.00 

295.00 

330.00 

340.00 

350.00 

360.00 

442.00 

Total 
weight 
(gm) 

74.40 

T41.40 

135.50 

144.50 

169.00 

267.50 

266.00 

294.50 

460.00 

572.00 

515.00 

1000.00 

Ovary 
weight 
(gm) 

0.85 

2.75 

12.35 

5.47 

14,72 

5.87 

8.30 

10.82 

4.96 

26.68 

26.65 

69.82 

Fecundity 

532.66 

1243.00 

4446.00 

2806.11 

3650.56 

823*10 

1912,28 

2402.04 

1656.64 

7231.09 

5791.80 

11659.94 

Relative 
Fecundity 

7,15 

8.79 

32.81 

19.41 

21.60 

3.07 

7.18 

8.15 

3.60 

12.64 

11.24 

11.65 
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and total length (Tl) has been shown in fig. 20A. The 

equation derived, is: 

Log F = - 2.0725 + 0.5278 Log Tl (r = 0.4506) 

The correlation coefficient (r) was found to tie 

0.4506, which indicates a positive correlation between these 

two parameters. 

Fecundity vs. total weight: 

The logerithmic relationship between the fecundity 

(F) and total weight (wf) has been presented in Fig, 20B. The 

equation derived is as follows: 

Log F = - 2.3040 + 2.3226 Log W (r = 0.6293) 

The value of correlation coefficient (0.6293) indi­

cates that weight is more closely related to fecundity than 

length in A. hexagonolepis. 

Fecundity vs. ovary weight; 

The logerithmic relationship between fecundity (F) 

and ovary weight (O.W.) has been shown in Fig. 2lA, The 

equation derived is: 

Log F = 2.9282 + 0.4720 Log O.W. (r = 0.8417) 

The value of correlation coefficient (r) was found 

to be 0.8417, which indicates a high degree of positive 

correlation between the two parameters. 
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Ovary v/eî ht vs total length; 

The logerithmic relationship "between ovary weight 

(O.w.) and total length (Tl) has been shown in Fig. 21B, and 

the equation derived isJ 

Log O.W. =.- 1.1675 + e^6565 Log Tl (r = 0,6568) 

The value of correlation coefficient (r) was found 

to be 0,6568, showing a positive correlation between the two 

parameters. 

FOOD AND FEEDING HABITS 

Food and Feeding Habits of A. hexagonolepis: 

Percentage composition of different items (Fig. 22) 

in the gut content of A. hexagonolepls has been summarized 

in Table 24, The gut contents of A, hexagonolepls can be 

grouped into 9 broad groups, i.e. i) Algae, ii) Unidentified 

vegetable matter, iii) Protozoa, iv) Rotifera, v) Nematoda, 

vi) Crustaceae, vii) Unidentified animal matter and viii) 

Sand particles. 

The present description is based on the numerical 

percentage of different items. The corresponding percentage 

volume has been presented in Table 24, 

i) Algae; This group formed 35.90?̂  in the gut content and 

was represented by Chlorophyceae, Chrysophyceae, Euglenophy-

ceae, Cyanophyceae and Rhodophyceae, 



Table 24: Percentage of different food items in the 

gut of the three species 

Food i t ems -* 

Chlorophyceae 
Euglenophyceae 
Chrysophyceae 
Cyanophyceae 
Rhodophyceae 
Un iden t i f i ed veg 
veg. m a t t e r 

P ro tozoa 
R o t i f e r a 
Nematoda 

Coleop te ra 
Odonata 

Ephemeroptera 
D i p t e r a 
Cladocera 

Copepoda 
Ostracoda 

Diaptomus 

Eubranchiopoda 
Hydracar ina 
Melacos t raca 

Gastropoda 

Un iden t i f i ed 
animal m a t t e r 

Sand p a r t i c l e s 

hexagonolepis 
% N /o V 

11.43 
0.58 

21.02 

3.95 
0.04 

.31 .92 

3.34 
7.01 

2.34 

0.94 

3.62 
0.06 

0,41 
0.60 

-

0.29 
0 .04 

-

-

11.57 
-

1.84 

0.01 

6.98 
0.20 

9.52 
0.92 
0.01 

49.69 

1.33 
3.28 

2.21 
0.80 

4 .17 
0.80 

0.34 

0 .87 
-

0.86 

0.12 
-

-

~ 0.22 
-

16.36 

0.12 

I-
/o N 

17.30 
-

18.40 

0.46 
-

31.89 

0.34 
- ' 

1.30 

0 .28 

1.89 

6.19 
4.61 
0.20 

0.38 

0.76 
-

-

0.45 

0 .27 

3.67 
4.36 

7.25 

t o r 

Yo V 

14.52 
-

4.04 

0.16 
-

35.00 

0.19 
-

1.07 
0.42 

8.03 
10.22 

8.99 
0 .07 

0 .97 
0.78 

-

-

0.86 

0.82 

8,93 
1.63 

3.24 

T. p u t i t o r a 

^ N % V 

3.07 
-

16.53 
-

-

33.45 

1.25 
0 .38 

1.53 
0.76 

1.53 
20.38 

7.30 

0.38 
0.38 

-

-

0.38 
0.38 

-

0.38 

9.99 

1.92 

0.49 
-

2.55 
-

-

39.53 

0.65 
0.07 
0.42 

1.39 
2.48 

27.41 

15.11 
0.76 
0.38 

-

-

0,19 
0.76 

-

0.76. 
6,46 

0.68 

Note: N = Number 

V = VoLluTne 
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a) Cliloropliyceae; This group was represented by Cosmarium. 

Mesotaenium. Closterium, Raphidonema, Characium, Tetmemorus, 

Trochlscia. Gonatozygon. Desmidium, Radlofilum, Excentro-

sphaer̂ j, Hyalotheca, Cladophora, Bulbochaete. Echinosphaerella, 

Chlorella. Crucigenia, Splrogyra and Cerasterlas, Spirogyra 

was found to be the most common followed by Mesotaenium. 

Chlorophyceae formed 11.435:̂  in the gut content, 

b) Bacillariophyceae; This group of algae was represented 

by Frag;ilaria. Navicula, Cymbella. Tabellaria, Achanthes, 

Gamphoneis.. Gamphonema, Pinnularia, Nitgschia, Coscinodiscus, 

Stauroneis. Melosira, Surirella. Pleurosigma.. Amphora, 

Synedra. Campylodiscus. and Tribonema and in varying percen­

tages. Bacillariophyceae as a whole foi3med 21.029% of the 

gut content. Fragilaria was found to be the most abundant, 

followed by Navicula» 

o) Euglenophyceae; This group was represented by Paranema 

and Euglena and constituted 0,584^ of the total ga* content. 

d) Cyanophyceae; This group of algae was represented by 

Spirulina. Merismoi{3)pdia. Oscillatoria. Anabaena, Polycystis. 

ŝ'i AulosiraT* Among these, Spirulina was the most abundant 

and the group as a whole made up 2,853?̂  of the gut content, 

e) Rhodephyceae; This group was represented only by 

Audouinella and constituted only 0,045?̂  of the gut content. 

ii) Unidentified vegetable matter; This Ija.s the most impor­

tant item next to algae forming 31,922% in the gut content 
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and was represented, by macrophytic tissue and decaying vege­

table matter, .and roots and seed of higher plants. Out of 

these, macrophyte was the most abundant, 

iii) Protozoa; It constituted 3.34% of the gut content. 

iv) Rotifera; It constituted 7.017% of the gut content. 

v) Namatoda: It constituted 2.343% of the gut content, 

vi) Insecta; This group was represented by larvae and 

adults of Coleop-tera, Odnon^ta, Ephemerg^era, and DiptrnpaT" 

in varying percentages and formed 5.042% in the gut content. 

vii) Crustacea; This group formed 12.527% of the gut 

content and was represented by Cladecera, Copepoda, Ostracoda 

and Melacostraca. 

viii) Unidentified animal matter; This item formed 1.844% 

of the gut content and was represented by semidigested animal 

matter .-and invertebrate eggs, 

ix) Sand particles; It constituted 0.019% of the gut 

content. 

Food composition of various length-groups of A. hexagonolepis; 

The relative importance of different broad items at 

different length- groups of A, hexagonolepis is shown in Fig, 

2-3 and the percentage composition of different items have 

been presented in Table 25. 

Length group-I (50-100 mm); Algae was found(.'̂/to be .the most 

important item in the gut content (41.569) followed by 
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unidentified vegetable matter (22.952?^). The next in order 

of preference was unidentified animal matter 15.-611?6. Others 

were Rotifera. (11.157^), Protozoa (1*734%), Nematoda (1.9237^), 

and Crustacea (0,519/^). 

Length group-II (101-1^0 mm); Algae formed 37.512/o of the 

gut content. Unidentified vegetable matter was the next in 

order of preference in the gut and formed 24.785%. Unidenti­

fied animal matter formed 18.5% of the gut content. Others 

were Protozoa (8.176%), Insecta (3.589%), Rotifera (3.7%), 

Nematoda (1.2%), Crustacea (2.155%), and Sand particles 

(0.332%).. 

Length group-Ill (151-200 mm): algae formed 33.l49% of the 

gut content followed by unidentified vegetable matter in order 

of abundance (25.501%) and unidentified .animal matter (23.50%). 

Other constituents were found to be Rotifera (8.779%), Nematoda 

(3.913%), Insecta (3.l46%), Crustacea (1.329%), -and Protozoa 

(0.681%). 

Length group-IV (201-250 mm); Algae constituted 46.025% of 

the gut content and was the most abundant item in the gut . 

content followed by unidentified vegetable matter (29.722%). 

Other constituents were Rotifera (2.607%), Insecta (2.514%), 

Nematoda (1.886%), and Crustacea (0.472%), 

Length group-V (251--300 mm); In this group unidentified 

vegetable matter formed the most important item (54,3%) 

followed by algae (17.64%). Other constituents were, Sand 

particles (9.00%), Unidentified animal matter (7.00%), 
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Insecta (4.00^), Nematoda (3,00;^), Protozoa {Z.QO'A), 

Crustacea (2.o6/o), and Rotifera, (2.727!^}. 

Length-group-VI (301-350 mm); In this group, unidentified 

vegetable matter formed the most important item in the gut 

(58.63;^), followed by algae (24.054^). Other constituents 

were Nematoda (10.00^), Unidentified animal matter (4.595%), 

and Rotifera (2.727/o), 

Iff, 

Length group--\/II (401-450); In this group also unidentĵ ed 

vegetable matter formed very high proportion of the gut 

content (61.231/^). Other constituents were Algae v 14.282?^), 

Nematoda (l6.326/o), and Rotifera (4.08;o). 

Monthly fluctuations in the gut content of A , hexagonolepis 

(upto 150 mm m total length): 

The percentage number of different broad items 

in the gut content of A. hexagonolepis in the specimens upto 

150,0 mm in total length, has been enumerated in Table 26a 

from which it can be seen that there were considerable varia­

tions in the percentages of different items during different 

months of the year. Algae and unidentified vegetable matter 

formed the major items throughout the year. The percentage 

of algae varied from 3.99 (September) to 69.59 (October), 

Algae was absent during August and January. The percentage 

of unidentified vegetable matter varied from 5.15 (April) 

68.80 (July), Unidentified vegetable matter was absent in 

the gut content during February, Insect v̂ as present through-
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out the year and varied from 0,79/̂  (December) to 57.2?}^ 

(February), The percentage of Protozoa in the gut content 

varied from 1.06 (November) to 10.52 (August) and was absent 

during September and October, Rotifera was present almost 

throughout the year except during October, Its percentage 

varied from 1,18 (July) to 15.79 (august). The percentage 

of Î ematoda varied from 1.25 (March) to 32,00 (September), 

Crustacea was found to be present in the gut content during 

November, January, February, April and July, Its percentage 

varied from 1.18 (July to 15.15 (February), Unidentified 

animal matter varied from 5.76^ (October) to 31.25X (January) 

and was absent during September, February, Mc.rch, April and 

July, The percentage of sand particles varied from 2,70 

(October) to 14,11 (March) and were recorded only during 

August, October and March, (The percentage volî me of the food 

itens is given in Table 26^). 

Monthly variations in the gut content of A. hexagonolepis 

above 150 mm total length): 

The percentage number of each item in the gut 

content of A. hexagonolepis above 150 mm during different 

months of the year has been enumerated in Table 27airom which 

it can be seen that there were considerable variations in the 

percentages of different items during different months of the 

year. Algae and unidentified vegetable'matter formed the 

major items in the gut content. Algae was present almost 

throughout the year except during October. The percentage of 

algae varied from 3«99 (September) to 7̂ .01 (April), The 
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percentage of unidentified vegetable matter varied from 

11.27 (April) to 78.13 (July). Unlike the specimens below 

150 ram, the sp'ecimens above 150 mm in total length did not 

have insect in their gut contents during all the months. 

However, when present the percentage of insect varied from 

0.33 (Januaiy) to 8.33 (October). Protozoa' was present only 

during September, November, and December and its percentage 

varied from 0.75 (November) to 1.43 (December). The percen­

tage of Rotifera varied from 1.41 (April) to 32.0 (September) 

It Vi/as absent during January and March. The percentage of 

Nematoda varied from 1.43 (December) to 8.33 (January), 

Crustacea was present in the gut content for the period 

January to July and its percentage varied from 0.56 (May) to 

4.23 (April)., Unidentified animal matter was present in the 

gut content throughout the year except during September and 

its percentage varied from 1,00 (July) to 16.57 (October). 

Sand particle was not encountered in the gut content. The 

variation of the gut content of A. bexagonolepis as a whole 

during different seasons has been presented in Fig. 24, (The 

percentage volx;ime of/rhe food items is given in Table 27b), 

Fegcting intensity: 

The gastro-somatic index (G.S.I.) or in othê T̂ /̂ords, 

Feeding intensity at different length groups of A. hexagono-

lepls has been presented in Table 28 and monthly fluctuations 

of G.S.I, have been presented in Table 29. 

Feeding intensity in different length groups of A. hexagono-

lepis; It can be observed from Fig. 25A that there is no 

definite trend in feeding intensity, however, there is a wide 



Table 28: Fluctuations in the gastro-somatic index in 

different length-groups of the three species. 

Length-groups (mm) A. hexagonolepis T, tor T. putitora 

50 - 100 8.131 - 7.417 

101 - 150 3.960 3.010 2.236 

151 - 200 8.083 2.868 1.920 

201 - 250 5.309 2.814 1.196 

251 - 300 7.307 3.252 

301 - 350 7.128 1.233 0.628 

35^-400 - , -

401 - 450 6.112 



T a b l e 2 9 J Month ly f l u c t u a t i o n s i n t h e g a s t r o - s o m ' t i c i n d e x 

of A. h e x a g o n o l e p i s and T_. t o r 

Months A. h e x a g o n o l e p i s T, t o r 

1978 Aug. 2 . 9 8 5 1.358 

S e p t . 6 . 0 0 7 2 . 9 6 4 

Oc t . 6 . 6 5 2 1.272 

Nov. 5 . 3 4 5 1.674 

Dec . 4 . 6 5 4 1.071' 

1979 J a n . 1.609 1.038 

F e b . 1.024 2 . 1 8 8 

Mar. 2 . 2 6 9 2 . 0 8 8 

Apr. 2 . 952 3 i290 

May 5 .453 • 4 . 5 0 1 

J u n . 5 . 5 4 0 4 . 0 3 8 

J u l . 6 . 6 2 8 4 . 5 7 5 

Aug. 1.191 2 . 2 1 3 

S e p t . 6 . 1 6 7 2 .120 

Oct . 6 . 850 1.120 

Nov. 7 .285 • 1.361 

Dec . 

1980 J a n . 6 . 8 1 0 2 . 2 3 6 

F e b . 0 .656 2 .541 

Mar. 3 . 2 8 3 3 . 1 7 2 

Apr. ^ 5 . 1 7 3 - 3 .421 

M a y " • -

J u n . 3 .921 2 . 1 2 8 

J u l . 6 . 7 0 3 2 . 4 3 2 
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fluctua-tion. The liighest G.S.I, was observed in length 

group I (50-100 mm) and lowest feeding intensity was observed 

in length group II (lOT-150 mm). 

Seasonal variations in the feeding intensity of A. hexagono-

lepis; 

Monthly gastro somatic index of A. hexagonolepis during 

the entire two year period has been presented in Fig. 253. It 

is clear from Fig. 25B that there is a wide fluctuation in the 

feeding intensity showing sharp rise and fall. However, it 

was highest during October in the first year and November 

during the second year and lowest during Feoraary in the'first 

year and August during the second year in the present study, 

Relation between feeding intensity and condition factor in 

A, hexagjonolepis; The data on gastro-somatic index and 

condition factor of A, hexagonolepis during different months 

during the period of study, has been presented in Table 30 

and shown in Fig. 26. It is clear that there exists a positive 

relationship between feeding intensity and condition factor, 

Relationship between gut length and body length in 

A, hexagonolepis: The logerithmic relationship between gut 

lenght (Y) and total body length (X) has been shown in Fig, 

27. 

The regression equation between these two parameters 

has been derived as: 

Log Y = - 1.0796 + 1.6515 Log X 
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The value of correlation coefficient 'r' was found 

to be 0.8274 (Table 31). 

Relationship between weight of gut content and body length in 

A. hexagonolepis; The logerithmic relationship between weight 

of gut content (Y) and total body length (X) has been presen­

ted in Fig. 28, The regression equation between these two 

parameters has been derived as: 

Log Y = - 6.0730 + 2.9135 Log X 

The value of correlation coefficient 'r' was found to 

be 0.9044 (Table 31). 

Relative length of the gut of A. hexagonolepis; The variation 

of the relative length of the gut (R.L.G.) with the total 

length of the fish has been shown in Fig, 29A. The R.L.G, 

value shows a gradual increase from 1.87 in length group I 

(50-100 mm) to 3.14 in length group VIII (401-450 ram). It 

has been observed that there exists a positive relationship 

between gut length and the percentage of vegetable matter in 

the gut (Table 32) whereas a negative relationship exists 

between gut length and the percentage of animal matter in the 

gut. (Fig. h%: 

•.J 

Food and feeding habits of T. tor; Percentage composition of 

different food items in the gut of T. tor has been summarized 

in Table 24, The following description of the results is 

based on the numerical percentage of different items (Fiĝ , 

22), The corresponding percentage volume is tabulated in 



Table 30: Monthly fluctuations of the condition 

1978 

1979 

-

1980 

gonado-somatic index and gastro-

of 

Months 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan, 

Feb. 

Mar. 

-Apr. 

May 

Jun. 

Jul. 

Aug. 

Sept. 

Oct. 

Nov, 

Dec. 

Jan, 

Feb. 

Mar. 

Apr. 

May 

Jun, 

Jul, 

i- hexagonolepis 

K. factor 

0.990 

1.010 

1.057 

1.075 

1.003 

0.857 
0.850 

0.919 

0.695 

0.962 

0.996 

1.036 

0.870 

1.170 

1,170 
1,180 

-

1.150 

1.150 

1,120 

0.990 

-

0.990 
1,020 

•somat; 

Gonado-somatic 
index 

3.332 

1,430 

0.447 
0.800 

0.843 

2.322 

1.200 

2.220 

1.283 

1.374 

1.370 

1.367 
0.928 

3.002 

2.321 

0.455 
-

0.854 

1.736 

0.111 

1.248 

-

1.608 

1.408 

factors, 

Lc index 

1 

Gastro-somatic 
index 

2.985 

6.007 

6.652 

5.345 
4.654 

1.609 
1.024 

2.269 
2.952 

5.453 
5.540 

6,628 

1.191 

6.167 
6.850 

7.285 
-

6.810 

6*656 

8.283 

5.173 
-

3.921 

6.703 

v^ 



Table 31: Regression equations of gut length (Y) on total 

length, (X), and weight of gut content (Y) on 

total length (X) of the three species 

Species Regression equations of gut 
length on total length 

A. hexagonolepls Log Y = -1,0796 + 1.6515 Log X 

T. tor Log Y = -0.5021 + 1.3516 Log X 

T. putitora Log Y = -4.6029 + 2.7892 Log X 

Weight of gut content on total 
length t 

A. hexagonolepis Log Y = -6.0730 + 2.9136 Log X 

T. tor 

T. putito.ra 

Log Y = -4.8757 + 2,2355 Log X 

Log Y = -3.9865 + 1..7119 Log X 

Correlation 
CO-efficient 

'r' 

0.8274 

0.9724 

0.9985 

0.9044 

0,7247 

0.7494 
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Table 24. 

From the results, the gut contents OL ̂ . tor can be 

grouped into 10 broad groups, viz., i) Algae, ii) Unidentified 

vegetable matter, iii) Protozoa, iv) Nematoda, v) Insecta, 

vi) Crustacea, vii) Hydracarina, viii) Gastropoda, ix) Uniden­

tified animal matter and x) Sand particles. 

; 

i) Algae: 

This group formed 35.88% in the gut content and was 

represented by Chlorophyceae, Bacil lariophyceae and Cyanophyi-

ceae, 

a) Chlorophyceae; This group was represented by Spirogyra, 

Hyalotheca, Ulothrix, Closterium and Pleurodiscus» Spirogyra 

was the most abundant genera, Chlorophyceae formed 17«31% of 

the gut content , 

b) Bacil lar iophyceae; This group of algae was represented by 

Navicula, F r a g i l a r i a , Cymbella^ P innular ia , S u r i r e l l a . Amphora 

Tabel lar la , Achanthes, Gamphonema, Gamphoneis, Diatomag 

Pleurosigma and S u r i r e l l a i n varying percentages. -And the 

group as a whole formed 18,102% of the gut content , Navicula 

was found to be most abundant followed by F r a g i l a r i a . 

c) Cyanophyceae; This group of algae formed 0.47% of the 

gut content and was represented by Spirul lna , and Osc i l l a t o r i a . 

i i ) Unidentified vegetable matter ; 

This was the most important item in the gut content 
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next to algae, forming 31.89/ in the gut content and. v/as 

represented, by macrophytes, decaying vegetable matter, seeds 

and spores. 

iii) Protozoa; 

I t formed 0,34/^ of the gut content . 

iv) Nematoda; 

It formed. ^.3'\^ of the gut content, 

v) Insecta; 

This group was represented by larvae and adult of 

Coleoptera, Odonata, Ephemeroptera and Diptera in varying 

percentages and formed 12,99?̂  of the total gut content, itoong 

insects, larvae of Ephemeroptera were found to be the most 

abundant, followed by larvae cof Diptera, 

vi) Crustacea; 

This group was represented by Cladocera, Copepoda and. 

and formed 1,55/̂  of the gut content, 

vii) Hydr^carina; 

It formed 0,45% of the gut content. 

viii) Gastropoda; 

It formed 3.68/̂  of the gut content, 
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ix) Unidentified animal matter: 

This was represented by seml-digestec'. animal matter 

and Invertebrate eggs and formed 4.36,>̂  of the gut content, 

x) Sand particles? 

It formed 7.35% 'if the gut content. 

Gut contents of T, tor In different length groups: 

The relative importance of the broad items in the gut 

contents of T. tor in different length groups has been shown in 

Fig, 30 and the percentage composition of different items has 

been presented in Table 33. 

Length group I (IOI-15O mm): iilgae was the most prefered item 

and comprised 38,27% of the gut content followed by unidenti­

fied vegetable matter (20.58%). Insect was the next important 

food item (17.68%) and was represented mainly by larval forms. 

Other items encountered were Crustacea (3.25%), Hydracarina 

(0.72%), Gastropoda (3.25%), Unidentified animal matter (3.25%) 

and Sand particles (5.839%). 

Length group II (151-200 mm): In this group unidentified 

vegetable matter was the most abundant food item (37.93%). 

Algae was the second most prefered item (24,15%). Insects 

formed 21,55% of the gut content represented by larval forms, 

Other items were Nematoda (3.45%), Crustacea (1,72%), 

Hydracarina (0.86%), Gastropoda (5.17%), Unidentified animal 

matter (0.86)̂ ) and Sand particles (4.31%). 
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Length group III' (201-230 mm): Algae was found to be the 

most prefered food item (50,25%) in the total gut content 

followed by unidentified vegetable matter (22,76:?̂ ). Insects 

formed 10.57;6 of the gut content and was represented by both 

larval and adult forms. Other items found were Nematoda, 

1.24^; Crustacea (0.54>6), Hydracarina (0.2?%), Gastropoda 

{3.2.5/0), Unidentified animal matter (1.08%), and Sand parti­

cles (10.03/0). 

Length group IV (251-300 mm): nlgae formed 84.61% of the gut 

content. The next important item was found to be i.uTJ.dentifiod 

vegetable matter (14.10^). Other items recc'ded were Nematoda 

(0.851%), Insecta (0.251%), and Unidentified animal matter 

(0.251/0). 

Length group V (3O1--350 mm): Algae formed 81.03% of the gut 

content. Other items were Unidentified vegetable matter 

(15.36%), Nematoda (0.25%), Insecta (0,25%) and Crustacea 

(3.10/). 

Seasonal variations in the gut contents of Î. tor (upto 150,0 

mm total length): 

The percentage numbef n of different items in the 

gut content of T. tor (upto 150,0 mm total length) during 

different months has been enumerated in Table 34afrom which 

it can be seen that there are considerable variations in the 

diet composition during different months. The algae and 

unidentified vegetable matter were found to be the most 
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important items in the gut content. The percentage composition 

of algae varied from 1.89 (October) to 55.25 (March), it was 

absent during August and July. Insects were found to be 

present thoughout the period of study in the gut. The percen­

tage composition of this group varied from 6.25 (July) to 

26,77 (October). Protozoa was recorded only during September, 

October, December, January and February with a percentage 

variation of 1.67 (December) to 6.51 (January). The percen­

tage composition of Crustacea varied from 0.54 (January) to 

17.57 (June). Hydracarina were encountered only from May i^,0%) 

to October (1.89?^). Gastropoda occurred in the gut content 

only for a period of five months (November-March) and its per­

centage varied from 5.08 (November) to 38.71 (January). The 

percentage of unidentified animal matter in the gut content 

varied from 1.25 (March) to 14.28 (August). It was absent 

during November to February. The percentage of sand particles 

varied from 2.60 (April) to 8.33 (December). It was absent in 

the gut content during August-November and again during June, 

(The percentage volume of the food items is given in Table 34b). 

Seasonal variations in the gut contents of T. tor (above 150.0 

mm total length): 

The percentage nurftbe-r of different items in the 

gut contents of T. tor (above 150.0 mm total length) during 
I 

different months has been enumerated in Table 35'̂ . Algae and 

unidentified vegetable matters formed the most prefered items 

in the gut. The percentage of algae varied from 7.25 (August) 

to 86i60 (May), Unidentified vegetable matter was present in 

the gut content throughout the year and its percentage varied 
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from 8.13 (April) to 73.53 (August), Insect was the next 

important food item and was found to be present throughout the 

year. Its percentage varied from 0,64 (May) to 26,49 (Septem­

ber). Nematoda was present during September, November, 

February, April and May, It varied from 0.43'̂  (May)Q3to ^ .63% 

(April). Crustacea was present only during February to npril 

and varied from 4.33^ (February) to 'ih,70% (March). Hydraca-

rina was present only during April (3,359^), Gastropoda was 

present in the gut during the period from August to March, Its 

percentage varied from 1,45 (February) to 13,53 (October), The 

percentage varied from 0,21 (Marcb) to 12.50 (July) in the gut. 

Sand particles occurred almost throughout the year in the gut 

content except during ^̂ ugust and January with a varying per­

centage of 5.29 (November) to 20.00 (July). Seasonal variation 

of the gut contents in T, tor has been shown in Fig, 31. (The 

percentage volume of the food items is presented in Table 35b), 

Feeding intensity in T, tor; 

The data of gastro-somatic index (G,S,I.) of T, tor at 

different length groups and the monthly fluctuations of the 

G,S.I, have been presented in Table 28 and Table 29 respective­

ly. 

Feeding intensity in T, tor at different length groups: It 

can be observed from Fig. 32A, that there is no definite trend 

in the feeding intensity. However, highest feeding intensity 

(G.S.I.) has been observed in length group IV (251-300 mm) and 

the lowest in length group V (301-350 mm). 
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Seasonal variations in the feeding intensity in T. tor; Monthly 

variations in the G.S.I, during the period vt study has been 

shown in Fig, 32B. It is clear from the figure that there is 

a wide fluctuation in the feeding intensity. The highest value 

has been recorded during May in the first year whereas in April 

during the second year of study and the lowest during October 

in both the year of study. 

Relationship between feeding intensity and condition factor in 

T. tor; The data on gastro-somatic index and condition factor 

°^ Z» tor during different months of the period of study has 

been tabulated in Table 30- and has been presented in Fig. 33-

It is clear from the figure that there exists a positive rela­

tionship between feeding intensity and condition factor, 

Relationship between gut length and body length of T. tor; The 

logerithmic relationship between gut length (Y) and total body 

length (X) has been shown in Fig, 3^A, The regression equation 

between these two parameters has been derived as: 

LogY = - 0.5021 + 1.3516 Log X 

The value of correlation coefficient 'r' was found to 

be 0.9724 (Table 31). 

Relationship between weight of gut content and body length; 

, The logerithmic relationship between weight of gut 

content (Y) and total body length (X) has been shown in Fig, 

34B. The regression equation between these two parameters has 
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been derived as: 

Log Y = - 4.8757 + 2.2355 Log X 

The value of correlation coefficient was found to be 

0.7247 (Table 31). 

Relative <length of the gut of T. tor: 

The variation of the relative length of the gut (R.L.G.) 

with the total length of the fish has been shown in Fig. 39A. 

The R.L.G. value shows a gradual increase from 1.74 in length 

group I (101-150 mm) to 2.88 in length group V (301-350 mm). 

A positive relationship has been observed between gut length 

and the amount of vegetable matter in the gut whereas a negative 

relationship has been observed between gut length '̂ d the 

amount of animal matter in the gut content (Fig. 3fB)and Table 

32). 

Food and feeding habits of T. putitora; 

The percentage composition of different items in the 

gut content of T. putitora has been summarized in Table 24, 

The following description is based on the numerical percentage 

of different food items. The corresponding percentageiivolume 

has been summarized in Table 24. 

The gut contents of T. T̂ utitora (Fig. 20) can be 

grouped into 12 broad groups, i.e. l) ̂ Igae, ii) Unidentified 

vegetable matter, iii) Protozoa, iv) Rotifera, v) Nematoda, 

vi) Insecta, vii) Crustacea, viii) Eubranchiopoda, ix) Hydra-
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carina, x) Gastropoda, xi) Unidentified animal matter, 

xii) Sand particles. 

i) Algae; 

This group formed 19.61% in the gut content and was 

represented by Chlorophyceae and Chrysophyceae. 

a) Chlorophyceae; This group of algae was represented by 

HyalotHeca and Ulothrix and formed 3.01;?̂  of the gut content. 

^) Chrysophyceae; This group was represented by Fragilarja, 

Gamphonema« Navicula, Pinnularia, Surirella, .Amphora, and 

Cymbella. Among these genera Fragilaria was the most abundant 

and the group as a whole formed 16,53% of the gut content. 

ii) Unidentified vegetable matter; 

This was the most prefered item in the gut content of 

1» putitora forming 33.̂ -6% of the total gut content and was 

represented by macrophytes, decaying vegetable matter, seed-

coat and spore. 

iii) Protozoa; 

It formed ^,^5% of the gut content. 

iv) Rotifera; 

It formed 0.38% of the gut content. 
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v) Nematoda; 

I t formed 1.54% of the gut content . 

vi) Insecta; 

This group was represented by larva and adult of 

Coleoptera, Odonata, Ephemeroptera and Diptera in varying 

percentages and formed 29.10% of the gut content. Among 

insects, larvae of Ephemeroptera werefound to be the 

most abundant followed by larvae of Diptera, 

vii) Crustacea; 

This group formed 1,77% of the total gut content and 

were represented by Cladocera and Copepoda, 

viii) Eubranchipoda; 

It formed 0,38% of the gut content, 

ix) Hydracarina; 

It formed 0,38% of the gut content. 

x) Gastropoda; 

It formed 1,38% of the gut content and was represented 

by larva only, 

xi) Unidentified' animal matter; 

t 

This item was represented by semi-digested animal 
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matter and invertebrate eggs. It formed 9.IO/0 of the gut 

content, 

xii) Sand particles; 

It formed 1.75% of the gut content. 

Gut contents of T. putitora in different length groups: 

The relative importance of different food items in 

different length groups has been shown in Fig. 36 and percen­

tage composition of food items has been presented in Table 37. 

Length group I (50-100 mm); Algae was the most important item 

and formed 20.0% of the gut content. The next important item 

was unidentified animal matter which form 36,67% of the gut 

content. The insects formed 16,66% of the gut content. Other 

items were Nematoda (lO.O^), and Sand particles (3.33%). 

Length group II C1OI-15O mm); Unidentified vegetable matter 

was found to be the most important food item in this length 

group., forming 36.21% of the gut content. The next was algae 

(28e37%). Insecta formed 23.62% of the gut content. Other 

food items were, Protozoa (0,79%), Eubranchiopoda (0,77%), 

Rotifera (0.79%), Nematoda (1.5'i^), Unidentified animal 

matter (0.79%), Sand particles (7.1%). 

Length group III (151-200 ram): Algae was the most important 

item and formed 45.13% of the gut content whereas unidentified 

vegetable matter formed 55,17%. Crustacea formed 1,76% of the 

I 



Table 35: Monthly f luc tua t ions in the condit ion factor 
and gastro-somatic index of T. to r 

Months 

1978 Aug. 

S e p t . 

O c t . 

Nov. 

Dec, 

1979 J a n . 

F e b . 

Mar . 

Apr. 

May 

J u n . 

J u l , 

Aug. 

S e p t . 

O c t . 

Nov. 

Dec . 

1980 J a n . 

F e b . 

Mar . 

Apr. 

May 

Jun* 

Jul . 

K-fac to r 

0.990 
1.060 

0.880 
0.870 
0.860 

0.883 
0.802 
0.840 

0^9'32 

n 0 2 4 
n037-
1.050 

' 1.010 
1.030 

0.823 
0*850 

-

0.807 
0.832 
0.908 

0.911 
-

1*010 
1i030 

Gastro-somatic 
index 

1.358 
2.964 
1.272 
1.674 
1.077 

1.038 
2.188 
2.088 
3.290 
4.501 
4.038 
4.575 
2.213 
2.120 
1.120 

n35i 

2.236 
2.541 
3.172 
3.421 

2.128 

2.432 
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gut content. Other items were î rotozoa (1.77;*̂ ), Nematoda 

(0.88%), Hydracarina (0.88%), Unidentified animal matter 

(2.65%), and Sand particles (4,42%). 

Leng:th group IV (201-250 mm): The gut content of this group 

v;as constituted mainly by unidentified vegetable matter 

(80.00%) and insects (19.91%). 

Seasonal variations in the gut contents of T̂. putitora; 

The percentage composition of the gut contents of 

T. putitora has been recorded for different seasons (summer, 

monsoon and winter) and has been summerized in Table 38, 

Summer; Algae was found to be the most prefered item during 

siMmer forming 47.30% of the gut content. Unidentified vege­

table matter was next in order of importance and formed 21,54%. 

Insects formed 12.05% of the gut content. Other items were 

Crustacea (6.87%), Eubranchiopoda (2.44%), Hydracarina (0,89%), 

Unidentified animal matter (4,79%) and Sand particles (4.02%), 

Monsoon; Unlike summer unidentified vegetable matter formed 

the most prefered item in the gut content of T. putitora during 

monsoon (68.34%). Insect was next in order of importance 

(l4.6l%), Algae formed ^,Q^% of the gut content during this 

season. Other items were Protozoa (0.54%), Rotifera (0.40%), 

Nematoda (l.Ol%), Eubranchiopoda (0.74%), Hydracarina (0,74%), 

Unidentified animal matter (8.05%) and Sand particles (1,82%), 

Winter; Alike sijmmer algae formed the most important group 



Table 38: Seasonal fluctuations in the percentage of different 

food items in the gut of T_. putitora 

I t e m s 

C h l o r o p h y c e a e 

Chrysophyceae 

U n i d e n t i f i e d 
v e g . m a t t e r 

P r o t o z o a 

R o t i f e r a 

Nematoda 

C o l e o p t e r a 

Odona ta 

Ephemerop t e r a 

D i p t e r a 

C l a d o c e r a 

Copepoda 

E u b r a n c h i o p o d a 

H y d r a c a r i n a 

U n i d e n t i f i e d ' 
an ima l m a t t e r 

Sijimmer 

% N 

24 .56 

2 2 . 7 4 

2 1 . 6 4 

-

-

-

-

1.64 

6 . 8 6 

3 .55 

2 . 2 7 

4 . 6 0 

2 . 4 4 

0 . 8 9 

4 . 7 9 

yo V 

7 .16 

^+.51 

3 8 . 1 4 

-

-

-

-

5 .36 

12 .07 

6 . 1 1 

3 .01 

7 . 5 0 

2 . 4 4 

2 . 6 7 

8 . 7 6 

Monsoon 

% N 

1.74 

2 . 2 7 

6 8 . 0 9 

0 . 5 4 

0 . 4 0 

1.01 

-

2 . 5 0 

4 . 2 0 

7 .91 

-

-

0 . 7 4 

0 . 7 4 

8 . 0 5 

/o V 

0.10 

0.18 

58.77 

0 ,07 

0.55 

0 .97 

-

• 9.14 

6.58 

12.04 

-

-

0.46 

0.91 

9.21 

Wint 

/o N 

2 2 . 1 2 

2 3 . 9 0 

2 5 . 4 7 

-

-

2 . 7 3 

1.08 

1.81 

1 1 . 2 8 

5 . 8 0 

0 . 5 4 

-

-

0 . 7 2 

_ 

e r 

% V 

11 .13 

5 . 4 4 

2 3 . 1 8 

-

-

0 . 6 2 

1.66 

4 . 7 5 

3 6 . 5 9 

14.26 

0 . 5 5 

-

-

0 . 3 4 

— 

Sand particles 4.02 2.27 1.82 1.02 3.93 1.48 

Note : N = number; V = volume 
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during winter in tiie gut content of T, putitora (46.02%) 

followed by unidentified vegetable matter (25.47%). Insect 

was the next prefered food item (19.97%). Other items were 

Nematoda (2.73%), Crustacea (0.54%), Hydracarina (0,72%), 

Sand particles (3.93%). 

Feeding intensity in T. putitora; 

The gastro-somatic index (G.S.I.) at different length 

groups of T. putitora has been presented in Table 28 and the 

seasonal fluctuations have been presented in Table 19. 

Feeding intensity in T. putitora at different length groups: 

It can be observed from Fig. 38^ that feeding intensity shows 

a decreasing trend from lower to higher length group. The 

highest G.S.I. (7.417) was observed in the length group I 

(50-100 mm) and the lowest G.S.I. (0.628) in the length group 

VI (301-350 mm). 

Seasonal variations in the feeding intensity of T. putitora: 

The G.S.I, of T. putitora during different seasons (summer, 

monsoon, and winter) has been presented in Table 19 '̂ nd shown 

in Fig. 38B, It is clear from the figure that feeding inten­

sity is higher during summer and lower during winter, 

Relationship between feeding intensity and condition factor 

in T, putitora; The data of gastro-somatic index and condi­

tion factor in T, putitora during different seasons have been 

presented in Table 19 and shown in Fig. 3 9, 
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It is clear from the Fig. 3^ that there exists a 

positive relationship between feeding intensity and condition 

factor. 

Relationship between gut length and body length in T. putitora; 

The relationship between gut length (Y) and total 

length (X) has been presented in Fig. 40ii. The regression 

equation between these two parameters derived as: 

Log Y = -4.6029 + 2.7892 Log X. 

The value of correlation coefficient 'r' was found to 

be 0.9985 (Table 31). 

Relationship between weight of gut content and body length in 

T. putitora; 

The logerithmic relationship between weight of gut 

content (Y) and total body length (X) has been shown in 

Fig. 4QB. The regression equation between these two parame­

ters is derived as: 

Log Y a - 3.9865 + 1.7119 Log X. 

The value of correlation coefficient is found to be 

0.7494 (Table 31). 

Relative length of the gut (R.L.G.) in T. putitora; 

The variation of the R.L.G. with the total length of 

the fish has been shown in Fig, 4lB. 
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The R.L.G. value shows an increasing trend from 

1.245 in length group I (50-100 mm) to 2.456 in length group 

IV (201-250 mm), A positive relationship has been observed 

between gut length ^̂ md the amount of vegetable matter in the 

gut content, and a negative relationship between gut length 

and the amount of animal matter in the gut content (Fig. 4l-B 

and Table 32). 



DISCUSSION 

i ^ ^ l . , ^ ^ > 



D I S C U S S I O N 

MOfiPHOMETRIC HND MERISTIC CH^^^TERS 

In the present study, an attempt has been made to com­

pare the morphometric and meristic characters between two popu­

lations of A. hexagonolepis from Simsang and Pagladia rivers. 

Interspecific variations in the two populations have been 

observed in various morphometric characters, viz. head depth, 

eye diameter and rostral-barbel length, were found to be signi­

ficantly higher in the specimens from Pagladia River (Table 5), 

whereas snout length, gape and number of lateral line scales 

were found to be significantly higher in the specimens from the 

Simsang river. Such variations are also quite evident from the 

differences in the regression equations (Table 4), However, 

statistically significant difference (at 5% level) could only 

be observed in the case of number of lateral line scales. Such 

variation® can only be attributed to the different ecological 

conditions which suggest the adaptability of organisms to their 

new environment as has also been pointed out by many workers 

(Schmidt, 1921; Vladykov, 1934; Taning, 1944; Lindsay, 1954; 

Fage, 1958; Barlow, 196I; Tandon, 1977; Suzuki and Yamaguchi, 

1980; Kaur, 1981). 

According to Gould (1966) ratios between morphological 

characters will not necessarily be constant for the organisms 

of the same species due to variation resulting from differences 

in sex, race and nutrition and/or other environmental factors, 

Therefore, in the present study too, variations in morphometric 

measurements may be attributed to the diverse environmental 

factors. 
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Various authors have shown th-at morphometric charac­

ters of fish can vary under the influence of environments and 

m particular the thermal factor during the period of incuba­

tion and the beginning of larval life (Schmidt, 1921; 

Vladykov, 1934j Tanjpag, 1944; Lindsay, 1954; Page, 1958; 

Barlow, 1961) .^<<ccording to Hubbs (1922) and Tanning (1944) 

variition occurs in the number of rays in the unpaired fins 

in several species which is also related to an adaptation to 

movement of water of various density, 

Variations in the body proportions in the same species 

according to hydrographic conditions have also been recorded 

by various authors (Hubbs, 1922; Barlow, 1961). They associa­

ted these variations with the effect of the duration of 

periods of growth and of the relating differentiations which 

determines the number of vertebrae -ind of segments. Many 

authors (Schmidt, 1921; Vladykov, 1934; Taning, 1944; 

Lindsay, 1954; Barlow, 196I) have reported that meristic 

characters exhibit plasticity under the influence of environ­

mental factors, as has also been seen in the present study. 

According to the observations of Hora (1939) the mfist 

distinguishing character between T. tor and T. putitora is 

that,in the former head length is considerably shorter than 

body depth whereas in the latter, head length is considerably 

greater than the body depth which has also been observed in 

the present observations (Table 7)j/ Apart from these diffe­

rences a considerable difference in other parameters between 

T. tor and T. putitora h^ve also been observed in the present 



103 

study such as head length, body depth, girth (expressed as 

percentage of total length), inter-orbital distance, gape, 

rostral barbel length (expressed as percentage of head length) 

was found to be greater in T. putitora. 

In A. hexagonolepisg it has been observed that the 

males have greater dorsal fin height whereas the females were 

found to have greater girth, gape and maxilary-barbel length.. 

In the case of _T. tor it is seen that males have greater 

height of pectoral fin and females have greater length of free 

margin of dorsal fin, eye di^^eter and maxilary-barbel length 

and also the predorsal length, snout length and gape. The 

difference in the morphometric parameters between males and 

females of T. putitora are not so well defined. 

Nikolfesky (1963) stated that males and females often 

differ in the length and shape of the fins, according to him, 

in the males of manyx Cyprinoids, both the paired and the 

unpaired fins are slightly larger than the females. ^ similar 

results have been found in case of A. hexag:onolepi3 and T_, tor 

in the present study, Nikolsky (1963) cited examples of some 

species where male and female were found to differ in length 

and shape of the fins. For example, in the males of certain 

Lake Baikal Sculpins, Cotio comephorus, the thoracic fins were 

found to be significantly larger (Nikolsky, 1963). He further 

stated that in Xiphophorus (Fam. PoccilidaeJ there is a long 

outgrowth on the caudal fin whereas in the males of many 

Pleuronectids of the family Bothidae, the rays of the dorsal 

fin are elongated, and so on. In majority of cases the 
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difference between the structure of the fins in males and 

females is connected with the peculiarities of reproduction, 

as for example, the dorsal fin which is larger in the male 

than in the female of the grayling, Thymallus, and increases 

still further toward the time of spawning, creates 'a turbu­

lence close to the spawning fish during the spawning process, 

and delays the dispersal of the sperm by fast currents 

(Brown, 1936), The larger size of the pelvic fins of the 

male Tinch facilitates a more successful fertilization of the 

eggs and their attachment to plant stalks (Nikolsky, 1963). 

Hence, such a difference in the morphometric characters of 

males and females may be regarded as sexual-diamorptiic 

characters. f 
The morphometric ratios and meristic councfis in 

A, hexagonolepis. Tor tor and T. putitora observed in the 

present study, were fo\xnd to be quite similar as observed by 

earlier workers (McClelland, 1839| Hora, 1940a, c; Hamilton, 

1822) in all the above mentioned three species. 

Biometric study of A, hexagonolepis (|lig. 3) revealed 

that the eye diameter becomes smaller in relation to head 

length, -a similar case has been reported by Tobor (1974) for 

Lates niloticus and Kaur (l98l) for Channa gachua. The bio­

metric indices of head length, girth and inter-orbital 

distance were foiind to be almost constant in the present 

study, according to Bayagbona (1963) a constant index in any, 

of the biometric indices indicates that the growth of the 

biometric character in relation to its reference length 
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is isometric. Minor differences in allometry of the pfiome-

tric characters such as head length, total length, eye diame­

ter and rostral-barbel length (Fig, 4') were observed between 

the two populations of A , hexagonolepis, 

In case of T. tor (Fig. 5) and T. ijutitora (Fig. 6) 

alike £*. hexagonolepis, the eye diameter becomes progressively 

smaller in relation to head length. The growth of girth in 

relation to total length has been found to be isometric in 

T, tor and T. putitora as also in ̂ . hexagonolepis. In 

T. putitora, the growth of head length in relation to total 

length is allometric unlike ^, hexagonolepis and T, tor. In 

T. tor and T, putitora the growth of inter-orbital distance in 

relation to head length was found to be allometric and showed 

wide variations. 

LENGTH-WEIGHT RELATIONSHIP 
Y {-J v-^ /-. n ^~^., J i__^ 

I It i! -s evident from the results on length-weight rela­

tionship (Table 15) that there are inter-specific variations 

in the exponential value. The exponential value (b) of the 

length-weight relationship is ̂ . hexagonolepis and T, tor 

were found to follow the cubic law, indicating an isometric 

pattern of growth in the fishes. The value of 'b' in 

T. putitora approximates to the cubic law, but is less than 

''3', thereby indicating allometric growth. Jhingran, tl975i 

reported that the 'b', values of ̂ . tor from river Narroada to 

be 2,9851 (male) and 3.0522 (female), whereas Chaturvedi 

(1976) found the 'b' value in T. tor to be 3.1609 (male) and 
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3.3927 (female). However, in the present study, the 'b' 

value^ for the same species was found to be 2.7525 (male) and 

2.7807 (female). This indicates that the 'b' values of the 

specimens from the Simsang River (present study) are quite 

less in comparison to the results obtained by Jhingran (l975) 

and Chaturvedi (1976). 

The variations in the exponential value.'b' is H,"" 

supposed to be under the influence of numerous factors viz. 

seasonal fluctuations; physiological conditions of the fish 

at the time of collection, sex, gonadal development and nutri­

tive conditions of the environment of the fishes as reported 

by Sinha (1973). Hence, it is quite likely that the difference 

in the 'b' values obtained in the present study in case of 

T. tor with that of Jhingran (1975) and Chaturvedi (1976) 

mighx be due to the reasons stated above, as the specimens 

belonged to different geographical locations as well as diffe­

rent population, -another probable reason for the difference •. 

in the 'b' values seems to be the difference in the size-

ranges studied with that of the other workers. | 

The exponential values of ^, hexagonolepis a,nd T, tor 

were found to vary in different seasons (summer, monsoon .and 

winter), sexes, and also during life stages. The exponential 

values in case of ^, hexagonolepis during different seasons, 

were fo\;ind to follow the cubic law, indicating an isometric 

pattern of growth whereas in the case of T. tor, the allome-

tric growth is evident, 
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Lai and Dwivedi (l965), Sekheran (1968) and Kaur (l98l) 

have also observed an intra-specific difference in the power 

fxonction (b) of length in relation to body weight in Rita rita, 

Sardinella albella, S. pjibbosa and Channa gachua respectively 

at different stages of their grovrth, Huges et _al, (197A-) 

while 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 power function Cb=3.325)» 

î ccording to'Hile (l935) and Martin (19^9) the value of 

'b' usually ranges between 2.5 and 4,0, nllen (1938) sugges­

ted that the value for 'b' remains constant at '3.0' for an 

ideal fish. However, in the present study, the 'b' values 

were found to be 3.064, 3,028 and 2,886 for ^, hexagonolepis, 

T. tor and T, putitora respectively. Hence, these fishes can 

be considered as 'ideal' as per the suggestion of ^llen (1938), 

However, Beverton and Holt (1957) suggested that the departure 

from 3.0 of 'b' value, is rather rare, Narashimham (1970) 

reported that the value of 'b' increases in the carnivorous 

fish/}- Trichiurus lepturus, which devours big prey, Cî Torairî -' 

Accordingly, Soni and Kathal (l979) reported that the higher 

value of 'b' (4,36) obtained for Cirrhina mrigala is due to 

the presence of large quantities of sand and mud in the sto­

mach,- resulting in an increase in the total weight and Kaur 

(1981) reported that the departure of 'b' values from 3.0 in 

case of Channa gachua may be due to the feeding habits of the 

species and presence of good amounts of detritus along with 

vegetable matter in the stomach, 
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CONDITION FACTOR 

Monthwise averages of 'K' has been calculated to 

elucidate the seasonal fluctuations and has been summarized in 

Table 18 for ^. hexagjonolepis and T. tor. But for T. putitora 

the same has been presented season wise-Qsummer, monsoon and 

winter)) (Table I9). 

Such variations (Tables 18 & 19) in the condition 

factor may be attributed to different factors, such as environ­

mental condition, food availability and the gonadal maturity 

as has also been suggested by many workers (Le Cren, 1951; 

Jhingran, 1972; Basirulla, 1975). J-̂ cording to them study on 

the changes in the condition value with the increase in length 

may yield evidences concerning the size at first maturity, 

while the seasonal fluctuation may reflect the condition of 

fatness and gonads. 

In ii. hexagonolepis, the 'K' values show an increasing 

tendency from the month of January onwards and attain a peak 

in May (Fig. IIB). It is also evident from Fig. I2B that the 

attainment of peak is quite long and remains almost from May 

to November, whereafter K- values drop abruptly, which indi­

cates that the species has a prolonged spawning period viz, 

from Hpril/May-October/November, which is further supported by 

the results obtained on ova-matiiration (Fig, 16) in the present 

study, 

With regard . to length, the 'K'-values (Fig., ]2t\) in 

^. hexagonolepis show an increasing tendency with the increase 
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in length. Higher 'K' values observed in higher length groups 

in the present study could be associated with the attainment 

of gonadal maturity. Further, it is evident from the results 

that increase in the weight of the body due to the weight of 

maturing gonads follow by a decrease due to spawning, which is 

also reflected by the values of the condition factor of the 

fish (Table 30). 

In the case of T, tor, the 'K' values show an dncreAc-e 

ing trend, (with slighh vai'latlon) with the increase in length 

of the fish (Fig. I4A) alike A. hexagonolepis. Whereas, in 

T_. putitora, the 'K' value showed a decreasing trend with the 

increase in length of the fish (Fig. 15^) which indicates that 

juveniles (young ones) have better condition factor. Many 

workers (Menon, 1950 Pillay, 195^; Sarojini, 1957| Varghese, 

1961; Nasar and Kaur, 1984-) have also observed higher 'Kn' 

values in juvenile of either species. 

The pi-eseuL I'G.'̂ults (Fig. 12A) also supports the view 

of Whe-2tlierley( 1972) that even among the members of one popu-

lationj! sampled on a single date, there may be considerable 

variation in condition with length, according to him, fish 

populations display considerable changes in average condition, 

reflecting normal seasonal fluctuations in their metabolic 

balance and in the pattern of maturation and subseqâ ent 

release of reproductive products. Even the state of fullness" 

of the alimentary canal may influence 'K' factor ('//eatherley, 

1972). Since the specimens of T. tor and T. putitora studied 

were all immature which indicate that the state of fullness of 
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tho alimentary canal are responsible in influencing 'K' 

factor. 

LeCren (1951) proposed a relative condition factor 

(Kn] and discussed its superiority over condition factor (K) , 

^̂ ccording to tiirn the former measures all the variations not 

connected with length, which the latter fails to do unless 

n = 3. Hence, in the present study, 'Kn' values were also 

studied which showed different pattern in its variations than 

the 'K' v?ilues with the increasing length in f̂. hexagonolepis 

^'^'^ I." i£r, \/hereas in T_, putitora 'Kn' values showed almost 

the same pattern of variation as the 'K' values with the 

increasing length of the species, -̂s far as seasonal varia­

tions are concerned,the 'Kn' values showed almost the same 

pattern of fluctuation as 'K' values in all the three species 

taken into consideration, / 

As mentioned earlier, the condition factor has also 

been calculated from the eviscerated specimens (Total weight 

of the fish minus weight of the gonad and gut) to eliminate 

the influence of gonad and food present in the alimentary 

canal in the present study. The pattern of fluctuation in 

these indices is almost similar to that of indices obtained 

from whole fish ((i.e. including guts and gonads) (Table 18 &19), 

the difference being only that of magnitude. This indicates 

that condition factor is not only influenced by the matura­

tion of the gonads and the food present in the alimentary 

canal, but may be due to seasons. Similar observations have 

also been reported by Jhingran (l972) for Setipinna phasa and 
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Kaur and Nasar (1984) for Channa gachua. 

MATURITY AND SPAWNING 

The results of maturity studies in H, hexag;onolepis 

indicates that the males mature earlier than the females and 

the species has a prolonged spawning season (^pril/May to 

October/November). The condition factor or 'ponderal index' 

also indicate towards a similar trend regarding the spawning 

season. Walford (1932) stated that fishes which spawn only, 

once in a season but have long spawning duration, the number 

of immatiire ova is nearly half of the total number of entire 

intra-ovarian eggs irrespective of the number of modes repre­

senting them. Similar observations have also been-reported 

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

Qayyijm (l96l) and Natarajan and Jhingran (1963). However, in 

A, hexagonolepis the batch of fully matured ova were not 

clearly demarketed from the immature stock. The frequency 

distribution of ova at various stages of development between 

the immature and mature stock was more less uniform. The 

spawning/spent ovary (Stage VII) contained a second batch of 

ova progressing maturation. This indicates that ̂ , hexagono-

lepis lays eggs in batches. 

Gonado-somatic index (Gn,S.I,) when-plotted against 

different lengths (Fig. l8A) indicated a tendency for the 

Gn.S.I, to increase with the increase in the body length, 

It is also seen that the seasonal peaks (Fig, 18B) in the 

mean Gn,S,I, coincided with the peak in the percentage of 
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occurrence of mature individuals, hence, Gn.S.I. can be used 

as an index of gonadal development. Such a case has also 

been reported by Kakuda and Nakai (l98l), and Kaur (1981), 

i-iccoreing to Kesteven (19'̂ 2) the gonad maintains a relation­

ship with the remainder of the body of the organisms and since 

the average size of maturing or mature ova are constant in 

general, the number of eggs being a number of units of weight 

will show an exponential relationship with the length in the 

same way as does the-length of the entire organism. Jhingran 

(1961), Qasim and Qayyum (1963), Begenal (1967) have studied 

the relationship between fecundity and fish length and 

reported that the exponential value to range around three, 

Higher values of 4.5 in case of Irish Herring (Farran, 1938) 

or at a rate proportional to fifth power of body length 

(Hodder, 1953) have also been reported. However, in the pre­

sent study, the exponential index was found to be 0,5278 for 

î . hexagonolepis, which indicates that the fecundity of the 

fish increases at a lower rate than that of the body weight, 

in relation to total length, as is also evident from the 

exponential value of 3.064 as obtained in the length-weight 

relationship (Table 15). 

The value of exponent obtained in the relationship 

between ovary weight and total length of H, hexagonolepis 

were found to be 0.6568 which indicate that the ovary weight 

increases at a lower rate than the total weight. 

FECUNDITY 

On plotting fecundity values against body length 
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(Fig. 19), it has been observed that the egg counts increased 

with the increase in the spread' points, describing this rela­

tionship v/ith increasing size of the species. Similar case 

has also been reported by Habib (1979) in Piiffer fish and 

Kaur (1981) in Channa gachua. according to Simpson (l95l), 

fecundity is directly proportional to body weight. Bagenal 

(1967) pointed out that weight is more closely connected with 

the condition of fish than its length. Yuen (1955) found 

that relationship between fecundity and weight to be curvili­

near as has also been recorded in the present study, which 

indicates that fecundity is more dependent on weights rather 

than length as has also been reported by Manooch (1976) for 

Red Porgy and Kaur (l98l) for Channa gachua. The logerithmic 

relationship between fecundity of ^, hexagonolepis and its 

length, body weight and ovary weight were found to be linear 

(Fig, 20ii & B, 2,1^), 

Relative fecundity, which is the ratio of egg number 

to body weight (Hardisty, 1964) is a measure of fecundity 

that takes into account the weight difference of individuals, 

In the present study, relative fecundity was also found out 

and the basic assumption in using relative fecundity is that 

the number of eggs per gr̂ îm does not increase or decrease 

with the size of fish (Bagenal, 1973). LeSren (l95l) and 

Raitt (1968) while working on Perch and Norway Pent respec­

tively, stated that the relative fecundity may change markedly 

due to change in the condition of the species, 
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According to Bagenal (1953) in most of tlie fishes, the 

number of oggs does not change significantly as the season 

progresses hut the gonad weight increases due to an increase 

in witer content or organic m-itter derived from food, or 

organic matter transferred from somatic tissues and only in 

the latter case, if the total -weight remains constant and thus 

makes the calculation of relative fecundity meaningful. The 

maximum fecundity values for ^, hexagonolepis in the present 

study has been found to be 11660 in the specimens having total 

length of 442.0 mm and total weight of 1000.0 gm. Fecundity 

estimates suggests that the species is not very fecund in 

comparison to other Carps, which 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 'ind Isles (1972) 

who discussed the significance of brood and egg size in 

Cichlids and attributed a close associ ition betv/een egg number 

and size, as the Mouth Brooders were found to have fewer and 

larger eggs than the Guarders. Kaur (l98l) also pointed out 

that the reason for low fecundity in Channa gachua may be that 

the species builds nest and guards its young ones. Hence, 

these studios suggest that parental care has profound effect 

on the number of eggs produced, as it would be easier for the 

fish to take care of therr.̂ eggs and young ones if they are 

less in n\amber, "~---, 

Mahseer also exhibits parental care although to a 

lesser degree by laying its eggs in sheltered pools and sandy 
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beds (Karmachandani, 1972) which.may be the reason of lower 

fecundity in Mahseer. It is a general assumption that fecundity 

and egg size are negatively correlated (Bagenal, 197l). The 

rel :Ltionship is complicated by what appears to be a general 

tendency for fish which spawn later in the season to lay 

smaller than average eggs, according to him, since the egg 

size and parent length are usually correlated positively, 

suggest that th^ larger fish spawns first, but in contrast 

older individuals of Perch spawn later. In the present study 

too, it has been observed that the egg size and parent length 

are positively correlated, 

McFadyen _et al. (1965) found that Trout from infertile 

streams had a lower egg production. He further stated that 

the difference in age at first spawning and growth rate, toge­

ther with an actual lower fecundity all led to a lower repro­

ductive rate than in fertile streims, Leggett and Power (1969) 

correlated fecundity and food supply with Land Locked Salmon, 

The variations in fecundity as reported by Bagenal (l97l), 

Raitt (1968), and Hooder (1965) are associated with food 

through population density, Nikolsky (196I, I969) mentioned 

a number of Russian papers asspciating food supply and fecun­

dity and the relationship of nutrition and fecundity were 

reviewed by Woodhead (i960). Thus, fecundity can be associa­

ted with the food availability, which has also been supported 

by certain experimental works (Scott, 1962; Hester, 1964; 

Bagenal, 1969; Wotten, 1973) relating food to fecundity, 

confirming the low food intake leading to lower number of eggs, 
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Several environmental effects on fecundity are also believed 

to act througli the food supply, Hodder (1965) suggested that 

the fecundity differences of grand banks riaddock were associa­

ted with water temperature as in cold water they concentrate 

along the edge of the banks resulting in over crowding, leading 

to a food shortage and a lower fecundity. Kaur (198I) also 

made similar observations in G!aanna ^achua. 

FOOD ^ D FEEDING H^^ITS 

Nikolsky (1963) recognized three main categor-ies of 

food on the basis of their importance in the diets of fishes. 

a) Basic food: which is normally eaten by fish and cover­

ing most of the stomach contents; 

b) Secondary food: which is frequently found in the 

stomach, but in smaller amounts, and; 

c) Incidental food: which is found rarely in the stomach 

contents. 

xi.ccordingly, algae (35•90%) and vegetable matt.er 

31.92%) can be considered as the basic food of ̂ , hexagonolepis 

as found in the present study and Insecta, Protozoa, Rotifera, 

Nematoda and Crustaceae and unidentified animal matter together 

constituted 32.17%, can be regarded as the secondary food. 

Sand particles formed 0.019% of the gut content and hence^ can 

be regarded as an incidental item, due to the fact that it 

forms a very small portion of the gut content and occurs with­

out any regularity. This indicates that this item is probably 

swallowed accidently along with other materials. 

\ 
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•î ccording to Jhingran (1975) tlie Copper Mahsoer 

(̂. hexagonolepis) is a veracious feeder subsisting on gastro-

pod shells, filamentous and planktonic algae and vegetable 

debries. He also recorded sand and mud in the jtomach. The 

fish has bottom feeding habit, browsing near the lit oral zone. 

This species has been found to feed mainly on insect larvae, 

aquatic bettles and flies in the early ̂ fingerling stages 

(Jhingran, 1975) 'and aquatic vegetation and marginal grass 

constitute the main food found in the gut of advanced finger-

lings and adults. 

In the present study also, H, hexa^onolepis was found 

to be a voracious feeder as indicated by the high values of its 

gastro-somatic indices (G.S.I,), The results of gut content 

analysis, are also quite similar to that reported by Jhingran 

(1975). However, Gastropod shells were never encountered in 

the gut contents of ^, hexagonolepis in the present study. The 

presence of large quantities of macrophytes in the gut contents 

of advanced fingerlings and adults supports the reports of 

Jhingran (1975) that the advanced fingerlings and adults feed 

mainly on aquatic vegetation and marginal grass. The percen­

tage of vegetable matter was found to increase with the 

increase in length of the species which further supports the 

above findings that ^. hexagonolepis prefers mainly animal 

matters in the early fingerling stages and vegetable matter in 

the adult stages. 

In the present study, it has been found that algae 

(35.885̂ ) and vegetable matter (31.89:̂ ) can be considered as 

the basic food in T, tor. Insect, unidentified animal 
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matter, Protozoa, Nematoda, Crustacea, riydracarina and 

Gastropoda which altogether formed 24.88% of the gut content 

can be regarded as the secondary food. Like A, hexagonolepis 

sand particles (7.33%) can be regarded as an incidental item. 

According to Jhmgran (1975), T., tor is insectivorous 

in its juvenile stage, but becomes herbivorous on reaching to 

the adult stage, which is in accordance with the results 

obtained in the present investigation. In this species also 

the amount of animal matter was found to decrease in the gut 
) 

content with the increase in length. 

Qualitative and quantitative studies of natiiral food 

of T, tor made by Jesai (1970) from River Narbada have shown 

that the species is herbivorous, feeding mamly on higher 

aquatic plants and fillamentous algae as well as the species 

also subsists on molluscs and insects. However, in the 

present study, it has been found that the species consume 

more of insects in its juvenile stage (upto 150 mm in length) 

but thereafter prefer, mainly macrovegetation. Thus, the 

findings of Desai (1970) is in accordance with the results 

obtained in the present study. 

In case of T. putitora. Vegetable matter (33»46%), 

Algae (19.61;̂ ) and insects (29.1%) formed the primary food, 

as is evident from the present study (Table 24 ), The 

animal matter. Protozoa, Rotifera, Nematoda, Crustacea, and 

Gastropoda were found to constitute 15.32% of the gut content, 

hence it can be regarded as secondary food. Accordingly, 

Eubranchiopoda, Hydracarina and Sand particles altogether 
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formed (2.51;̂ ) of the gut content and therefore, it can be 

considered as an incidental food item. 

Sehgal _et al. (l97l) observed that the fry and finger-

lings of T, putitora of the size range 23 - 130 mm subsisted 

on algae belonging to the families Bacillariophyceae (46.98%), 

decayed organic matter (22»28?^), green algae (13.33/^), 

insects (10.21%), Rotifers (l.42%), blue-green algae i;i.38%), 

Protozoa (0.76%) and Fish (0.41%). All these items except 

fish V'/ere encountered in the gut -content ryf ^, putitora -in 

the present study too. 

A change in diet with increase in size, has been 

widely reported by Keast (1966), Larsen (196?)» De Silva 

(1973)» Adams (1976), Kakuda and Matsumoto (1978), In the 

present study also a change in diet has been observed in all 

the three species taken into consideration. The smaller 

specimens were found to consume Insect larvae and Gastropods 

(only Insects in case of A, hexagonolepis) and larger speci­

mens consaned both larval and adult forms of Insects. The 

present study also indicates that the percentage of feeding 

is higher among youn^ individuals than the bigger specimens, 

may be owing to the fact that metabolic activities are 

generally higher in young ones. Similar results have also 

been reported by Hardy (1924); Marshall _et al. (1939), 

De Silva (1973) and Kaur (l98l) in other species also, 

The present results supports the view of Nikolski 

(1969) that the fish fauna of high latitudes are usually 

adapted to eating various types of food, on account of the 
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high variability of the availaole food. The range of food 

organisms may vary greatly from area to area, even as regards 

to principal food, specially in freshwater conditions. Repre­

sentative of associations from high altitudes are usually at 

an advantage when the food base is i,abile, since they tend to 

be eryphagus; conversely, those from the lower latitudes are 

so when the food base is stable. 

The study indicated a positive relationship between 

feeding intensity and condition factor in A. hexagonolepis and 

T. tor (Fig. 26 and 33). However, in T. putitora the rela­

tionship is not evident (Fig, 39,)»ar<:̂  an inverse relationship 

between feeding intensity and gonad-somatic index has been 

observed (Fig, 26), which could be due to the spawning season 

of the fish, compelling reduced feeding. Similar view has 

also been expressed by Waifret and Miller (1978) for Northern 

pike. Jacobson (1974) observed that spa\ming brings do\̂ "̂x a 

sharp decrease in the condition. 

According to Jhingran (l97l), the principal factors 

that are likely to affect the monthly variations in the ponde-

ral index are generally food and sexual maturity. The data on 

G,S,I. as obtained for A. hexagonolepis reflects the assess­

ment of spawning season which is also indicated by the montialy 

fluctuations in the condition factor (Table 18), The feeding 

intensity declined with the progressive maturation of gonads 

(Fig. 26 and Table 30). Observations on the maturity and 

breeding season of the species (A. hexag:onolepis) have shown 

that the fish breeds during April/May - October/November 
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indicating that the periods of low feeding intensity coin­

cides with the spawning season. The low feeding activity 

during fieak breeding season may be attributed to the complete­

ly developed gonads, permitting limited space in the abdominal 

cavity for intake of food. Further, it is seen that the 

feeding intensity increased after the spawning season, 

The coincidence of low feeding with peak breeding 

season has also been observed by many workers. Hardy (1924), 

Hickling (1933), Page and Veillet (1938), Menon (1950) and 

Desai (1970) have reported a decrease in the rate of feeding 

and amount of food consumed with the maturation of gonads. 

Bhimachar and George (1952) have also referred to the reduced 

feeding in Indian mackerel, Rastralliger kanagurta with the 

progressive maturation of gonads. Karekar and Bal (l958) 

have also noticed the coicidence of peak breeding with low 

feeding phase in Polynemus indicus. Jhingran (l96l) has 

observed the feeding intensity of Setipinna phasa to decline 

during its peak breeding season, Natarajan and Jhingran 

(1963) have reported a low level of feeding during maturation 

phase in the case of female Catla catla. 

It has been observed in the present study that R.L.G. 

values of A, hexagonolepis, T̂. tor and T, putitora increases 

with the increasing length of the fishes. It is also evident 

that R.L.G. value has a close relationship with the nature of 

food of the fish. It is a known fact that vegetable matter 

requires more time for digestion due to which herbivorous 

fishes have higher R.L.G, value; In herbivorous fishes such 
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^^ Labeo rohita and Labeo gonius (Das and Moitra, 1936a, b, 

c, 1958, 1963) the R.L.G. values were about 12.0 and 9.5 

respectively. Whereas in omnivorous fishes (Das and Nath, 

1965) the R.L.G. values were lower, e.g. Puntius conchonius 

had 3.3 and Barbus hexastichus had 2.3. It is reported that 

in carnivorous fishes such as Bagarius bagarius and 

Notopterus chitala are generally low i.e. less than 1.0 (Das 

and Moitra, 1956a). However, in the present study, the 

average R.L.G. values were found to be 2.4, 2.1, and 1,3 in 

A. hexagonolepis. T. tor and T. putitora respectively. Thus, 

accordingly they can be kept in the category of omnivorous 

fishes, which is further supported by the results obtained by 

the food and feeding habits as well as the morphology of the 

alimentary canal as morphologically the bile duct opens at 1/3 

length from the anterior end in A, hexagonolepis, T. tor and 

T. putitora. This has also been recorded earlier by Das and 

Pathani (1978) in T. putitora. Such a case can be regarded 

as a transitional stage between herbivorous and omnivonous 

condition. But if the bile duct opening shifted towards the 

posterior end of the sac, then the entire sac could have been 

considered as stomach. The shift of the bile duct opening 

from the junction of the oesophagus and intestinal bulb to 

one third posteriorly appears' to be an adaptation due to 

increase in animal matter in the diet of these fishes. 



SUMMARY AND CONCLUSION 



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

Keeping in view, the basic necessi ty to have a 

knowledge on the biology of Mahseers v i z . , ^crossocheilus 

hexagonolepis> Tor t o r and Tor pu t i to ra indigenous to the 

highlands of North-Eastern India , coupled with i t s great 

economic importance and also because of the f a s t gaining 

popular i ty of cul tur ing these f i shes , the present i n v e s t i ­

gation has been undertaken. The thes i s e n t i t l e d "An inves­

t i ga t i on on the biology of Mahseers from the North-Eastern 

India",, embodies the r e s u l t s obtained during the s tudies on 

the biology of these f i shes ; a summary and conclusion of 

which are presented below: 

MORPHOMETRIC ANJ3 MERISTIC CHAflACTERS 

In t e r spec i f i c va r i a t ions in the two populations 

(Simsang and Pagladia Rivers) of A, hexagonolepis have been 

observed in various morphometric characters v i z . , head 

depth, eye diameter and r o s t r a l barbel l eng th . These cha­

r ac t e r s were found to be higher in the specimens from 

Pagladia River whereas the characters v i z . , snout length, 

gape, and number of l a t e r a l l i ne scales were found to be 

s ign i f i can t ly higher in the specimens from the Simsang 

River. These va r i a t ions were also indicated from the regres­

sion equations and such va r i a t ions can be attribu-ced to the 

d i f fe ren t ecological condit ions which suggest the adaptabi­

l i t y of the organism to i t s new environment. Considerable 

differences in several morphometric parameters have also 

been observed in the present study between T. to r and 

T. put i tora« 
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It can be conaluded from the results that there 

exists an inter- and intra-specific difference as well as 

sexual dimorphism, at least in some morphometric characters, 

viz., number of lateral line scales, gape, rostral barbel 

length, pectoral fin height. However, the morphometric 

ratios and meristic counts in all the three species were 

found to be quite identical. 

The results of the biometric characters for A. hexago-

nolepis reveal that eye diameter becomes smaller in relation 

to head length. The similar trend has also been recorded in 

case of T. tor and T. putitora. The trends of growth of girth 

in relation to total length were found to be isometric in all 

the three species. The growth of head length in relation to 

total length, is isometric in A. hexagonolepis and T, tor but 

the same is allometric in the case 'of T, putitora. 

LENGTH-WiLlGHT RELATIONSHIP 

It is evident from the results obtained on length/ 

mass relationship that there exists an inter-specific varia­

tion in the exponential or "b" value, "^he exponential value 

in the length-v̂ /eight relationship of A, hexagonolepis and 

T|, tor was found to be more than "3" indicating isometric 

pattern of growth whereas in T. putitora the growth is allome­

tric as the "b" value was found to be less than "?", 

It is also evident that exponential values in these 

fishes differs seasonally, sexually and also life-stage wise. 

Since, the exponential value in these species 
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approximates the cubic law, they can be considered as 

an "ideal*' fish as per the recommendation of Allen (1938). 

CONDITION Fi^TOR 

It has been seen that there are seasonal fluctua­

tions in the "K" values in these fishes and such varia­

tions can be attributed to different factors such as food 

availability and gonadal maturity. The 'K' values of 

_A. hexap;onolepis and T, tor showed an increasing trend 

with the increase in length whereas in T. putitora, the 

case is opposite. 

The present study supports the view of Wheatherly 

(1972) that even among the members sampled in a same date 

from the same population, there may be considerable varia­

tion in "K" values with length. It is further concluded 

that condition factor is mainly influenced by the matura­

tion of gonads and food present in the alimentary canal. 

MATURITY AND SPAWNING 

The results on maturity of A. hexagonolepis indi­

cates that the male 'matures earlier than the famale and 

the species has a prolonged spawning season i.e. April/ 

May to October/November, which is further supported by 

the fluctuation trend in the values of condition factor. 

The relation between Gn.S.I. and length of the species 

indicated a tendency for the Gn.S.I, to increase with 
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thie increase in body lengtti. It has further been noticed 

that seasonal peaks in the Gn.S.I. values coincided -with 

the peaks in the percentage of occurrence of matured indi­

viduals. This suggests that Gn.S.I. can be used as an 

index of gonadal development. 

FECUNDITY 

The data on fecundity reveal that fecundity is more 

dependent on -weight than the length in A. hexagonolepis. The 

logerithmic relationship between fecundity of the species 

"and its length, body weight and ovary weight were found to 

be linear. The maximum fecundity of A. hexagonolepis has 

been found to be 11, 660 in the specimen having a total 

length of ̂ 42.0 mm and a total weight of 1000 gm. 

The fecundity estimate suggests that the species is 

not very fecund in comparison to other carps, might be due 

to their nature of parental care. This further indicates 

that parental care has profound effect on fecundity. It has 

been observed in the present investigation that the egg size 

and parental length are positively correlated. 

FUUD AND FEEDING HABIT 

The results on the food and feeding habits of 

A. hexagono1epis and T, tor indicates that the basic food 

of this species are algae and vegetable matters. However, 

animal matters can be regarded as secondary food of these 
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species as per the cl-issification of Nikolsky (1963). Ttie 

species has bottom feeding habit and. browsing near the 

littoral zone, 

As indicated by the high values of G.S.I., A. hexago-. 

nolepis can be considered as a voracious feeder. The percen­

tage of vegetable matters was found to increase with the 

increase in length of the species, which indicate that they 

mainly prefer animal matters in the early fingerling stages 

whereas in the advanced fingerling and adult stages they 

prefer only vegetable matters. In case of T. putitora vege­

table matters, algae and insect can be regarded as ''primary 

food." 

In the present study it has been observed that the 

diet preference cĥ anges from animal matter toC3li'3jj vegetable 

matters.in all the three species. The-results also indicate 

that the feeding rate is higher among young individuals than 

of the older individuals. This may be due to the fact that 

metabolic activities are generally higher in young individuals, 

The study indicates a positive relationship "between 

feeding intensity and condition factor in A. hexagonolepis 

and T. tor,whereas in T. putitora. the relationship has been 

found to be inverse. The feeding intensity declined with the 

progressive maturation of gonads or in other words, the 

periods of low feeding intensity coincides with the spawning 

season. Î he low feeding intensity during peak breeding 

season might have been compelled by the completely developed 
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gonads permitting limited space in the- abdominal cavity, 

This is further support.3d by the results indicating the 

increase in feeding intensity after the spawning season, 

It has been observed that R,L.G, values of all the 

three species in the present study increases with the 

increase in length. The average R.L.G. values were found 

to be 2,4, 2.1 and 1,3 in A, hexagonolepis, T, tor and 

T, putitora respectively. All these results reveal that the 

Mahseers of this region are omnivorous, 
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