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ABSTRACT 



The present investigations were aimed 

initially a t t he p r ima r y product ivity o f the Ramli 

s tream used fo r supp ly i ng r unn i ng wa t e r to exper i men­

ta l ponds employed to study the breeding biology and 

be haviour of the fish Barbus putitora (Mahseer). These 

investigations are important as Ma h seer is economi cally 

impo r tant fish b u t very diff i c ul t to breed. It is of 

utmo s t importance to know ~-biotic and biot i c fac tors 

operating and contr olling a particular fauna. 

Pre s e nt invest igations s how t h a t a t emperature 

of 13° - 36°C and di s solved oxygen (2 . 7 - 7 . 9 ppl) are 

important con trollina factors in the breeding of this 

fis h. Besides, pla n ktonjc fauna predate d upon by the 

f ish has been described , such as Cyclops magnu s , 

Di sptomus sp . , Moina brachi ta ta , Chydorus ,wa Ii s . 

Other d - biotic factors like pH and phosphate contents 

' -" r e described fo r refe r e nc e . 

Feeding behaviour~ependent on the selective 

r e sponses of the f i s h towards the effective stimuli. 

Th e fish r esponds t o the r epor t o ire o f visual stimu li 

such as si ze , s ha pe, c olo u r and f r e q u e ncy o f moveme nt . 



The orientation is influenced by dorsal light reaction 

and is operated by tropotaxis , te l otaxis and m' ~otaxis . 

The investigations on fish food show that 35 % protein 

in the diet are best suited for adequate growth and 

economic breeding o f this fish . 

Stud i es on t he behavioura l ene r getics show 

that protean behaviour is used by the fish as a postural 

device for energy conservat i on . 

Induced spawning was success f ully experime nted 

in t h e fish B. putitora. 



CHAPTER ONE 
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INTRODUCTION 

Fresh water fishes of Pakistan have a signifi ­

cant economic importance due to their nutritive value 

especially animal proteins . Taxonomic status of most of 

the fres h water fishes has been established and cata­

l ogued (Ahmed, 1 96 1). Attempts have also b een made by 

t he Fisheries Depar tment to upd ate fresh wa t er f isheries 

management prograrne for the p roli f e ra t i on, survival, 

feed, breeding and economic use o f some o f t he se fishes. 

It need be emphasized here t h at f o r s uccessful breeding 

and propagation of fishes, contro l led mechanism involved 

are to be related to the ecological complexes in which 

these fishes thrive. Carpenter (1928), Needham and 

Lloyd (1930), Wards and Whipple (1956), Marcuzzi, Giorgio 

and Lorezoni (1971) worked on life of inland water 

including Phytoplanktons and Zooplanktons. Studies have 

also been made by Chapman (1931), Re id (1961), Hutchinson 

(lC "7). Mortimer (1 971) and Shapiro (1958-1970), inves­

tigated the chemical exchange between sediments water. 

In this regard lit t le work has been done in Pakistan 

(Baqai and Zubairi , 19 7 4; Azra and Iqbal, 1975) . An other 

important factor operating on the fish biology is fish 

feed and food preference and the fish growth in relation 
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to fl ,,'d and ecological factors s uc h as dissolved oxygen , 

t emperature , phosphates , nitrntes and chlorides. 

No work has been done in eco-behaviour of 

fishes in Pakistan . Among the workers outside the country 

Baerands ~~ ~~ (1950, 1955) have done research on the 

ethology and Lehaviour o f Lebistes reti c ulatus . Similarly, 

Baggerman et ale (195 6 ) has made stud ies on Chlidonias. 

Clark et al. (1954) and Morris (1954 ) have made extensive 

studies on reproductive behaviour of three-spi ned 

Stickleback, Xiphophonis fishes a nd r i ve r b u ll head 

fishes respectively. Among the most recent work, Moody 

(1975) has experimented on the perceptional capabilities 

of Barbus. He1go1ander (1975) have described the migratory 

patterns in fishes. Barlow et al.(1975) has given a 

comparitive account of the feeding behaviour, spacing 

and aggresive behaviour patterns in colour morphs of 

the ~idis cichlid. Little wo rk is r e ported on the food 

habits and feed of carps (Menon , 1955; Hussain, 1955; 

Vas, 1957; Alikunhi, 1958; Arshad, 1965 ; Desai, 1968; 

Ahmad, 1969; Sukmaran, 1 96 9; Hepha r, 1969; Szunmiec, 

1969; Khandker, 1970; Javed, 1970 ; and Chinkichis et al ., 

1 97 6) . 

Protean displays as a form of allaesthetic 
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behaviour was first described b y Chance and Rusell 

(1959 ) ano confirmed by Driver a nd Humpries (1970) who 

also suggested that such behaviour is based on irregu­

l a ri t y p r i nci p l e. Accou n t of z i g-zagging di s plays of 

prey a nimals, singl e erratic response during escape 

behaviour, aggression and courtship have been discussed 

by several workers (Armstrong , 19 49 , 19 54 ; Baerends, 

1950; Beukema, 1968; Bullock, 1958; Hinde, 1954; Iqbal, 

1972; Raport, 1962; Simmon , 1955; Spooner, 1931 ; Tinbergen, 

1951, 196 2 , 1967; Welty, 1934). No theoretical or 

expe rimental e vidence is ava ilable on the occurance o f 

p r o tean be haviour in other a spects of b ehaviour patterns. 

Present work draws attention to the experimental evidence 

of energy conservation through protean displays. 

Spawning a nd i t s effe cts have been described 

by Aronson (1944) in case of Tilapia microcephala. Parental 

care has been reported by I e rsel (19 53 ) in case of three 

sp j m ~d stickle b a ck. Indepth investigations to breed the 

carps artificially are also s canty . The only meaningful 

repo r ts are experimental breeding are by Hussain (1965), 

Wledek (19 68) , Choudhuri (1968 , 19 6 9 ) , Jafri (1973, 1977), 

Doha and De wan (1967 ; anCJ. ·:~a zi (1965) . 
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The present investigation were aimed at descri­

bing environmental factors such as dissolved oxygen, 

organic phosphates, pH and temperature, which play an 

important role i n contro lling surv ival, growth a nd 

successful breeding o f the fi s h Barbus putitora (Mahseer) 

The i nvest iga tion also de s cribe food formulation, food 

preferen ce, f e eding behaviour and protean behaviour of 

the fish. Lastly investigations briefly d e scribe 

experimentation with indu ced breedi ng o f the fis h Barbus 

pu t itora . 



CHAPTER TWO 



1ATERIALS AND METHODS 

PRIMARY PRODUCTIVITY OF THE STREAM AND 
EXPERIMENTAL PONDS 

6 

Water samples were c o llected from two stations 

selected at the stream and were then compared with samples 

collected from the experimental ponds, supplied with 

stream water through ~ " and 2" diameter pipes. Day and 

night samples were taken from t he ponds. Samples were 

collected simultaneously upstream, downstream and from 

the p onds. Ponds were o f two diffe rent dimensions 

45 ' x 25' and 6' h i gh, 3 5 ' x 1 5 ' and 5 ' high , wa t er 

could either flow independently of each pond or could 

be run from pond 1 to pond 2. 

Oxygen a na l ys i s wa s don e by Wri nk ler ' s method. 

Estimation of inorganic p ho spha tes wa s d one by Fiske & 

Subbar ow's method. Analysis was done over a period of 

six months . Approx ima te variables of dissolved oxygen 

and tempera t ure were also monitered using four aquariums 

5' x 3' a nd 4' high placed alongside the ponds and by 

supplying oxygen with air pump . Controlled temperature 

water wa s suppli e d through a water bath connected to 

aquar ium with nylon tubing (Fig. 1). 





Fi g . 1 

T.C . W.B . = Tempera ture Control Water Bath 

A.P . = Air Pump 

G.\"l . W.P. = Glass ~7ire Water Pipe 

A. R . = Air Re l ea s e r 

3W.V. = 3 Wa y Valve 

S. = Stream 

A. = Aquarium 

W.R. = Water Releaser 

T. Table 

O. D.V. Oil Dust Filter 
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Fishes were collected from Hassan Abdal Fish 

Farm, Ba rakoh st r e am, Cha t ta r Bagh a nd outlet s t ream 

of Rawal Dam. Fishes were brought in fish containers . 

LENGTH: Fishes were measured from tip of 

the shout to the tip of the gill and from tip o f the 

gill to the tip o f the tail fin ~nd then from the tip 

o f the tail fin to the tail fin end . 

WEI GHT: A container wa s half filled with 

water and weighed as (a), t h en the fish was put into 

it and again weighed as (b). The actual weight (w), wa s 

worked out as b - a = w. 

Eac h fis h was tagged be f ore re l ease a nd 

bi-monthly length-weight measurements were taken t o 

observe growth-fG~d relationship. Similarly, bi-mon t hly 

increase in weight was noted for each fish . The f ish food 

was prepared as given in Table 1. 

Plankto n fauna on which the fish wer e obse rve d , 

to predate was noted and identified. 

Observations on Protean behaviour were made 

at the inlet stream of Rawal Dam . Observation on the 

maturity of male and female fish were made by (a) 
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squeezing out spermatoza and ovo from the fish, (b ) 

by di sec t ing t he f ish a nd the n scanni ng the test i s 

and ovary under a binocular microscope. Induced 

spawning was affected by i n jecting pituitary Hormones 

in the male and female fis h as given below. 

The p itu itary g l and s o f t h e s e v e ral fishes 

were taken out by disecting the f ishe s . It was 

then homoganized and centrifuged and t he extract was 

placed i n small test t ubes in deep fr e eze at -lOoe. 

The f ishe s o f known weight a nd leng th were 

given i njections o f pitu itary to affect spawn i ng 

behaviour in August. Experiments on induced breed i ng 

were carried out in the aquariuns. 



Table 1 

Formulation of feed contain ing different 
levels of protein 

Ingradien t s 30 % 35 % 
protein rote in 

Casein 0.00 gms 2S.00gms 30 . 00gms 35.00 gms 

Starch 20 . 00 " 10 . 00 " 15 . 00 " 1 0 .00 " 

Ce llulose 30 .00 " 25.00 " 18 .0 0 " 19.00 " 

Mine rals 4.00 " 2.00 " 2.00 " 2 . 00 " 

Vi tamin s 2 .00 " 4. 00 " 4 .00 " 4.00 " 

Oil 24.00 " 19.00 " 16.00 " 15.00 " 

Gl ucose 20.0 0 " 15.0 0 " 15 .00 " 15.00 ,. 

100 . 00 "100 . 00" 100 . 00 " 100 . 00 " 

385 371 384 375 
ca lories calories calor ies calories 



CHA PTER THREE 



SECTION A 
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LIMNOLOGICAL STUDIES 

~: Hydrogen ion concentration ranged between 

7.2 to 8.6, round theyear, which is slightly alkaline 

in nature. 

PHOSP HATE: Inorganic phosphates were max imum 

0.03 to 0.04 mg/ml in June-July, while in winter , the 

c oncentration was low being 0.003 - 0 . 001 mg/ml . 

OXYGEN: Dissolved oxygen was minimum in June, 

ranging between 4.5 - 4 . 7/ppl and wa s maximum in January 

ranging between 6.8 7 . 9/ppl. When water flow into the 

ponds was contro l led and brought to a minimum, the 

dissolved oxygen content went down to a minimum and 

toxicity caused 100 % mortality to the fish. 

Experimental observations on isolated oxygen 

contents were ma d e, u sing afquaria place d alongside 

the ponds (Fi g . 1) . Results ind i cate d that a low concen­

tration of o xyge n (2 .7/ppl ) caused mortality to fish . 

TEMPERATURE: Minimum temperature rang e d 

between 13°-15°C in Januar y and maximum ranged between 

20°-36°C in June a nd Ju ly. Experiments on temperature 

effects were conduc t ed in the aquaria (F i g. 1). The 
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results show that temperature is also an important 

f a ctor in the breeding a nd survival of the fish a nd 

that temperature ranging between 16° -34°C is favourable 

f o r the f ish. 

PLANKTON FAUN~: Zoop l anktons such a s Cyclops 

mag-\'\u s , Diaptous sp. I ;'oina brachi tata I Chydorus ovalis 

were usually predated upon by th e fish Barbus putitora. 
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CONCLUSIONS AND DISCUSSION 

Limnological studies indicate that dissolved 

oxygen is a critical factor in the survival and success­

ful breeding of the fish Barbus putitora (Mahseer) and 

that the fish may only be breed and propagated in ponds, 

lakes or streams having a safe range of dissolved 

oxygen level as indicated in the results. Similarly, 

temperature seems to be a critical factor for the survival 

and breeding of this fish. 



SEC TION B 
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FOOD RELATIONSHIPS 

Four dietary experiments were conducted on 

the fish , along with a control group. Each group was 

o f four fishes , each fish was measured, weighed , tagged 

a nd then release~ in t o the experimental aquariums. 

Results are shown in Tables 2-10. For c ompari son of 

weight relationship and l e ng th re lat ionship see g r a phs 

1-4. The results indicate t ha t 35 % protein i n the diet 

1 are best suited fo r adequate g rowth of the fish. 



I 
• 1 

FE EDING BE~AVIOUR 

Four experiments were conducte d to study the 

stimuli-orientation mechanism opperating in the feeding 

behaviou r of the fish ~. putitora. The experiments wer e 

conducted in fou~ separa t e aquariums main t ained at a 

t e mpe rature of 25° - 27°C. A group o f ten fishes was 

tested for responses aga inst stimul i by ha nging the 

objects with strings and then prese nting them to the 

fish from a distance o f 5 "-6" in water as shown in 

Table~ 1 1- 20 . 

The results indicate that the f ish r e spond 

to the e ff e c t i ve stimuli a nd that the responses are 

base d on the selective res ponses toward the effective 

stimulus. The results sho .... ! that to arou sed by orientation 

in t h e fis h, the effective stimulus must be within 

certain limits of size, i . e. approxima t ely I " i n l eng th 

o r less, s hould b e ob long i n shape, mu st s how moveme nt 

and p r eferab ly be bright coloured . 

ORI ENTATION : The experiments were conducted 

i n 4 aquariums ma inta ine d at a temperature of 25°-27°C . 

One o f the experiment s was condu~ted in a dark room a nd 

the light was thrown from d ifferen t s ides o r a ngles 



with pencil table lamp. The e f fective stimuli were 

p re sented t o iden t if y di ffer e n t types of tax i s­

orientation mechanisms. 

The presentation of stimuli from different 

direct i o n s and angles ind i c a ted that all the fishes 

resp o nded po sitively even when stimuli were moved 

e r r ati c ally , s howing t hat t r opotaxi s and telotax is 

mechan i sms a r e oppera t i ng and t hat on t he perc eptio n 

o f a weak ~rrat ic s t i mu lus, pvs te r i o r oma t i d i a were 

r esponding . In the sec ond e x perimen t conducted in 

the d ark room , t he effec tiv e stimu lus of an object 

was presented in + + + affector manner and light wa s 

thrown from different directions or angles as shown 

in Fig. 2. The results show that the fish orient under 

the influence o f d orsal light reaction towards the 

stimulus and are ope~ated by menotaxis. 
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CONCLUSIONS AND DISCUSSION 

Present investigations show that the feeding 

behavio u r o f the fi s h ~. put i tor a (Mahs eer ) is oper a t ed 

by selective responses towards the ef f ec t ive stimuli. 

Such beha viour of three spined stickle back by Tin 

Burgen (1961) and referred as sign stimuli by Russell 

(1943) . This behaviour is contrary to the gestalt 

psychology and depends on hetrogenous summation followed 

by reinforcement mechanism. Present investigations 

also show that the orientation of ~. putitora operates 

under the configration of t ropotaxis, telotaxis which 

has not been investigated in t he fishes. But dorsal 

lig ht reaction has been reported in case of f i sh 

Cren ilabrus sp . (Van Holst , 1953). 

Four dietary experiment were conducte d on 

the fis h along with a contro l group . Die tary feed 

contained 0 %, 25 %, 30 %, 35 % prote in . Results are shown 

in Tables 2-10. 

For comparison see graphs 1-4 showing weight­

l e ngth re lationship. Th e s e results indicate that 35 % 

prote in are most adequa te for economic breeding and 

propog a tion o f the f ish B . put i tors (Mahseer) . 



Fig . 2 

Do r sal l i g h t r eact i o n o f the fi s h 

B . p ut i t ora towards l i g h t s timulu s . 



< 



Number of 
fishes B. 
Eutitora 

1 

2 

3 

4 

Table 2 

Init ial we ight a nd length of Barbus putitor a (Mehseer ) 
befor e t r eating with any specific diet-

Total WeighJ Length from Length from Length Total leng t h 
of t h e fishc mouth to the end of gill of from mou t h 
B. 2utitora end of gill cover upto tai l upto t a il 

cover end of body fin end 
(gms) W (rom) (rom) (mm) (rom ) 

4.00 1 0 50 15 75 

4 . 00 10 50 15 75 

4.00 10 50 15 75 

4.00 10 50 15 75 

17 

Total Total 
increase increasE 
i n length in weigh t 
o f the of the 

fi sh, ... , f ish ~ :> 

(rom) (gms) W 

x x 

x x 

x x 

x x 



00 

Number of 
fishes B. 
Eutitora 

1 

2 

3 

4 

Table 3 (Group A) 

To ta l weight-length increase of fi s h Ba rbus puti tora (Mehseer) 
af t e r feeding for 15 days on 0% prote in diet at 25°-27 °C of 
water temperature . 

To t al 
Total we ight Length from Length from Leng t h Total l e ngth increase 
of the fishd mouth to the end of gill o f fr om mout h in l ength 
B . puti tora end of g ill cov e r up to ta il upto t ail of the -

cover end of body fi n e nd fish~S 
(gms) W (mm) (mm) (mm) (mm ) (mm) 

4.8 10 54 15 7 9 4 

4.8 10 54 15 79 4 

4.8 10 54 15 79 4 

8 10 54 15 79 4 

Total 
inc r ease 
in weight 
of the 

fish e "So 

(gms) W 

0.8 

0.8 

0 . 8 

0.8 
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Number of 
fishes B. 
Eutitora 

1 

2 

3 

4 

Table 4 (Group A) 

Total we ight-length increase of fish Barbus put itora after feed ing 
for thirty days on 0% protein diet at 25° - 27°C of water temperatur e 

Total Total 
Total weight Length from Length fr om Length Tota l l e ng th increase increase 
of the f ish mouth to the end of gi ll of from mouth in length in weigh 
B. putitora end o f gill cover up t o tail upto ta i l o f t he of the -

cov er end of body fin end fis h fish 
(gms ) W (mm) (mm) (mm) (mm ) (mm) (gms) W 

5.7 16 58 20 94 19 1. 7 

5.7 16 58 20 94 1 9 1. 7 

5.7 16 58 2 0 94 19 1. 7 

5.7 16 58 20 9 4 19 1. 7 

t 
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Number of 
fishes B. 
putitora 

1 

2 

3 

4 

Tab le 5 (Group B) 

To ta l weig ht - leng t h i nc r ease of fish Barb us put i t ora a fter f eeding 
f o r fifte e n day s o n 25 % protein at 2 5 ° - 2 7° C o f wa t h er t e mpera ture . 

Total Tota 
To t al weight Length from Le ngth from Length Tota l l ength i n c r ease incre 

1 
ase 
ight 
e 

of the f ish mou t h to the end of gill o f f r om mo u t h i n length in we 
B. 12ut i t o r a e nd o f gil l c over upto t a il upto tail of t h e of th -

cov er end of body f in end fish fish 
(gms H'1 (rnrn) (mm) I (rnrn ) (rnrn) (rnrn) (gms )W 

6 .00 1 6 58 20 94 19 2.00 

6 . 00 1 6 58 20 9 4 1 9 2.00 

6 .00 1 6 58 20 94 1 9 2.00 

6 . 00 16 58 2 0 9 4 19 2.00 
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Number of 
fish's B. 
putitora 

1 

2 

3 

4 

Tab le 6 (Group B) 

Total we ight-length incr ease of fish Barbus putitora af t er feedi ng 
for thirty days on 25 % protein at 25° -2 7°C o f water temperature 

Tota l Total 
Total weight Length from Length from Length Tota l length increase increase 
of t he fish mouth to the end of gill of from mou th in length in weigh 
B. putitora e nd of gill cover upto tai l upto t ail of t he o f the -

end of body fin end fis h!'. fish cover 
(gm s) W (mm ) (mm) (mm) (mm) ___ . t (mm) 

(gms) W 

8 . 4 18 60 2 1 99 2 4 4.4 

8 • 4 18 60 21 99 24 4.4 

8 .4 18 60 1 99 2 4 4.4 

8 . 4 18 60 21 99 2 4 4.4 

t 
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Number of 
fishes B. 
12utitora 

1 

2 

3 

4 

Table 7 (Group C) 

Total we igh t -length increase of fish Barbus putitora after feeding 
for fifte e n days on 30% protein at 25~7°C of water temperature 

Total Tota 
Total weight Length from Length from Length Total length increase increa 
o f the f ishs $ mout h t o the end of gill of f rom mout h in length in wei 
B. Eutitora end o f gill c over upto tail up t o t a i l of the of the - cover end of body fin end fish"~ fi s h f > 

(gms) W (rom) (rnrn) (rom) (rom) (rom) (gms ) 

7 .1 18 6 0 21 99 24 3.1 

7.1 18 60 21 99 24 3 . 1 

7.1 18 60 21 99 24 3.1 

7.1 18 60 21 99 24 3 .1 

1 
se 
ght 

w 
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Number of 
fishes B. 
Eutitora 

1 

2 

3 

4 

Table 8 (Group C) 

Total weight- length incr ease o f fish Barbus puti tora af t er feeding 
for thirty days on 3 0% protein a t 25° -27 °C of water tempe rature 

Total Total 
Total weight Length from Length fr om Length Tota l l eng th increase increase 
of the fishc;, mouth to the e nd of gill of from mouth i n length in weight 
B . putitora end of gi ll c ove r upto t ail upto tail of t he of the -

cover end of body fin end fish( ';;> fish ( S 
(gms) W (rom) (rom) (rom ) (rom) (mm) (gms) W 

1 0.5 20 71 22 113 38 6.5 

10 .5 20 71 22 113 38 6. 5 

1 0 . 5 20 71 22 113 38 6 .5 

10.5 20 71 22 113 ·· 38 6. 5 
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Number of 
fishes B. 
putitora 

1 

2 

3 

4 

Tab le 9 (Group D) 

Tota l weight -leng th i nc rease of fish Barbus putitora after feeding 
fifteen days o n 35 % p r ote in at 25°-27°C of water t emp e rature 

Total 
Total we ight Length from Length from Length Total length increa se 
of the fish mout h to the end of gill of from mouth in length 
B . Eutitora end of gill cover upto t ail u pto tai l of the -- cover end of body f in end fishe~> 

(gms) W (rom) (rom) (rom) (rom) (rom) 

12.2 21 73 2 2 116 41 

12 . 2 21 73 22 116 41 

12 . 2 21 73 22 116 41 

1 2 . 2 21 73 22 1 1 6 41 

Total 
increase 
in weight 
of the 
fish,. s 

(gms) W 

8.2 

8.2 

8.2 

8.2 
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Number of 
fishes B. 
12utitora 

1 

2 

3 

4 

Table 10 (Group 0) 

Total weight - length increase o f fish Barbus put itora after fe e ding 
fo r t hirty days on 35 % protein at 25° -2 7°C of water temperature, 

Tota l 
Tota l we ight Length from Length from Length Total length increase 
of the fis h· l , mouth to the end of gill of from mouth :.n length 
B . putitora e nd of gill cover upto tail upto tail of the -

cover e nd of body fin end fis h ., ~ 
(gms) W (rnm) (nun) (nun ) (nun) (nun) 

25.2 28 90 29 14 7 72 

25 .2 28 90 29 147 72 

25.2 28 90 29 147 72 

25 .2 28 90 29 147 72 

Total 
increase 
in weigh t 
of the 
fish:- S 

(gms) W 

21. 2 

21. 2 

21. 2 

21.2 



Grap h No .1 . 

wt 

Weight-leng t h r e l a tionship of t h e fish 
(Barbus puti tora ) Fee d on 0% protein 

Length . ---------
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Graph No . 2 . 

Wt . 

Weight - leng th r el a t i onship o f the fi s h 
Barbus putitora (Ma hseer ) fed o n 2 5% 
protein. 

Length.-----------
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Graph No . 3, 

Wt. 

Weight-length relationship of the fish 
Barbus putitora (Mahsee r ) f ed on 30 % 
protein . 

Length . -----------
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Graph No . 4 , 

Weight - leng th re lationship o f the fish 
Barbus putitora (Mahseer) f ed on 35 % 
protein 

Wt .----------------

Length.--- - -------





Table 1 1 

Selective response of fish B . put itora (sample i 
towards effective s timu li 

Stimu lus Si z e - Shape Colour Mobile Stationary 
Response 
of fish 

3" Rectangular L.Brown No Yes 

3 " Rectangular D.Brown No Yes 
l. 

3" Rectangular L.Brown Yes No Avoi:iance 

3 " Rectangular D.Brown Ye s No I i 

2" Rectangula r L . Brown No Yes 

2" Rec t a ng ular D. Brown No Ye s 
2. 

2 " Rectangular L . Brown Yes No 

2 " Rectangular D. Brown Ye s No 

1" Ob l ong L . Brown No Yes 

1 " Ob l ong D.Brown No Yes 
3 . 

1 " Oblong L . Brown Ye s No ++ 

1" Oblong D.B r own Ye s No +++ 

Ne gative r e sponse 

++ App roach and pecking at the food model ( stimulus) 

+++ Increase in f reque ncy of approach and pecking response. 



Table 1 2 

Sel~cli vp rCSrnns l' n f [" l ::3 h L: . pu ti tor'!. (saIOi' l( ii \ 
tm"'.lrJ~, eff~ct.i.ve stimuli 

StJ.mullS sizel - Sh<1pe 
I 

3" Rectangular 

3" Rcc tang u la r 
l. 

3" Rectangula r 

3" Recta gular 

2 " Rectangular 

2" Rectangul()r 

2" Rectangular 

')" 
<.. RcctanguLu 

1 " Oblong 

] " Oblong 
3. 

1" Oblont.,l 

1" Obiony 

:-- ----; I -- ! -i ll b ' I . '" Response , Co uur Mo lleistatlonarY1of fish 
I I . ___ _ 

L.Rrown No Yes 

f).nrown No Yes 

L . urown Y s no Avoi lance 

D. Br own Yes i'lo 

L.B r own No Yes 

D.Brown No Yes 

I..Brown Yes ,10 

u . nrown Yes tlo 

I..Brown No Yes 

D. Brown No Yes 

L . Bt'own Yes No ++ 

D.Brown Yes No -t-++ 

- - --- ---------- --,----_. ---

Negative responsE:: 

++ Art'l'oach and pecl--.ing al the food mode) (stimulus) 
++~ I Ilr re.-I se in f rC(luency of i1[Jproach and [.lE::CK 1.119 rc SP(JllS (" • 



Table 13 

;-;., !t'('! i IJI' n'~i,(l:'~o._, (.( ~"'il ;'. '"lti t o,­
l -, Ids L' f C I • eli v c: 5 t i III ul i 

.2,S 

"I: 'i I - iii 

--. --- - --- -r --- ----------, --- ---r-- - ,-- -- --; ----

. . ~ . 1 - , I " , . , _ I Rt::s[,)onsc 
Stun u 1 u s 1 ~ 1 Z e . :-:. 1, .) P (' I. cn .1 CJ uri Mob 1. 11 ~ ! S tc J t 1. nIh, r y, E £' h 

1 ; I I 1 0 lS __ ____ - _______ I _ _________ I _ __ _ _ _ _ '_ . _ ' ____ _ 

J " Rectangular y~s 

3 " Rcctan<Jul(lr I).Brown No 
1 
-'- . 

J " kec t(ln~IU 1ar L.l:.rown Yes tJo /\ V ( ) i Jan c e 

[',le 

) " He<:tdllllul .".r I, . I : I (;wn No 

1 " ('J h 1 () I I (; 1, . E r own No '{('~ s 

1" 01) 1un<J D . E i ~ () "Tn No '1(': s 
--, 
) . 

1 " Obl c nq L.Brown Yes No ++ 

J " Ol.\lony D.Brown Yes No ~H 

Ncuativc response 

H App r oach and pcd: inCj at the foocJ model ( stimulus) 

++ 1 InC1C';tSe .i n fr E': queDcy of approach and p c ckiny respons(: . 



Table 14 

Sele,( ive }·cspuf\!:;t (d Ci.Sll iL put itora (SdJrlfJl~ iv I 

towards e Ifcctive stLmuli 

3 " Rcc t .:lng u lur L. Brm.,n No Yes 

3" Rectangul.:lr D. Brown No Yes 
1. 

3" Rectangu l ar L. J.3r own Yes No 

3" Rc ctangulu. D.Brown Yes No 

2 " Rectang ul.:lr L . Brown No Yes 

2 " Rectangular D. Br- own No Yes 
2. 

2 " Hect.anqu l a r L.Rrown Ye s No 

-- - - - .------- --.----- - --_._--

J. " L.Br0wn No Ye s 

1 " D.Brown No Yes 
J . 

1 " OhlOJlq J .• ore )",I n Yes iJo 

1. " OG}O!ilj l) . B r- own Yes ilo 

zq 

Avo i Ja nce 

-t I-

r ++ 

-- ----_.- -------.- ---------- -----------.- ------_ .- -- -- ----

Neq .1. t ivc- rcspon Sf.: 

+++ Increase i.n f r CLJ u -' !l ey of alJ proach a nd peckj ng res l)o n se. 



Table 15 

Selective response of fish B . put itora (samp10 v 
towards efrcctive stimuli 

30 

I I J . I'Response 
Stimulus Size ~ Shape Colour Mobile Statlonary o f fi s h 

3" Rectangular L.Brown No Yes 

3 " Hectangular D.Brown No Yes 
1. 

3 " Re ctangul.:lr L . Brown Yes no Av o i :1ancc 

3 " Re c tcmg u l<lr D.BrO'~·n Yes no 
----------------- - -- -- ._-_._-------

2" Rect ngular L.Rr own No Yes 

2" Rectangular D. Brnwn No Yes 
2 . 

2" HE:ctanauL.:lr L.8 t 0Wn Yes : io 

2" Rt- c Ldlig u lar D. IJrohin Yes 110 

- .- ._--------------
1 II Oblong L . Brown No Yes 

1 " Ob long D. Brown No Yes 
3. 

1 " Ob l ong L . Rr own Yes No ++ 

1 " Oblong D. Brown Yes No + +~ 

Negative response 

++ Approach and pecking at t he f o od model (stimul us ) 

+++ Increase in frequency of approach and pecki 9 r esponse . 



Table 16 

Selectl.vt:: restJ0l\se of fish B. r-uti t ocd (sarnrJ1(' vi ) 
towards effective stimuli 

Stimul us I~:~_e-,I_' _S_h_a_I_)e ____ '.L: c_O~O~~-M-O-b-iJ e I Sta tionary ! ~~s~~:~e 
3" Hectanyular L.Brown No Yes 

3 " Hec tanq u la r D. Rrown No 'fes 
l. 

3 " r ec tanl] u L.lr L.Brown Yes No T\Vo i lance 

1" Rectangular D.13rown Yes No " 

------ --
2 ., Rectangular I..Brown No Les 

2" Rect,-'lnoular f).Brown No Yes 
2. 

)" Rec1.anqular L. Brov!n Yef ;~o 

2 " HL~C titr.'J U lar D. L' ;)wn Ye_ I'J() 

----- - - -------.--- --- ---- ----- --

I" ObJony L . n-rown No Yes 

1" Oblong D. Brov.TJ1 No Yes 
3. 

I" Oblong L . l3rown Yes No ++ 

, " Oblong D. Brown Yes No +-+ + J 

Neyalive response 

++ Approach and pecking at the food model (stimulus) 

+++ Increase i n frequency of approach and pecking response . 



Ta blE: 1 7 

Selectiv ~ response of fish B. putitora (samplevin 
towards effective stimuli 

-~_:1 I I Stimulus Size - Shape Colour Mobile Statlonary of fis h . l Response 

___ L _ _ -'-_----.J.. ___ ---'--__ _ 

J" Re clanyular L.Rrown No Yes 

J" Rect...tnqulilr IJ.Hrown No Yps 
J. • 

J" Rectangular L.Rrown Yes tJo l\vc-i -lance 

3" Hcc lan(ju lar D . Brown Yes No 

2" Rectangular L.Brown No Yes 

2" Rectangular D.Brown No Yes 
2 . 

2" Re ctangular L.Brown Yes No 

2" Reclangular D.Brown Yes No 

1" Oblong L . Brown No Yes 

1" Oblong O.Brown No Yes 
J . 

1" Oblong L.Brown Yes No ++ 

1 " Oblong D.Brown Yes no +++ 

Negative response 

ApproRch and peckinq ilt the food model (stimulus) 

++4 Incrertse in frequency of 1pproach nnd pecking response . 



Tab l e 1 8 

Selective response ot fish e. pu titora ( S tH ]l l) Ie v iiJi) 
-

towards effective stimuli 

stimU ! USTSiZe 1-
-I- I I 

Shape Icolou r Mo bile . I Res ponsc: 
St~t]ona ry 0 - fi s h 

3 " Rect n ng lar L . B own No Ye s 

3 " Rec t a ng u lar D. Brown No Yes 
l. 

3 " Rec t angular L . Brown Yes l 0 Avoi lan ce 

3" Re c tangula r D . Brown Ye s No " 

2 .. Re ct ngu l ar L.I3rown No Yes 

2" l<cctang ll iar D.Rr own No Yes 
.2. • 

2" Rectangular L . Brown Yes No 

2" R~ctanyular D.Brown Yes No 

I" Oblong L.Brown No Yes 

1 " Oblong D. Brown No Yes 
3 . 

1 " Oblong L . Brown Ye s No ++ 

1 " Ob l ong D . Brown Yes No ++ + 

eyatjve r esponse 

it Appro~ ch and p~cking at the food model (stimu lus) 

+,+ lncrcRse :in freque ncy of approach and pecking ros ponse . 



Ta ble 1 9 

Selectivp response of fish H. put i tora (sample ix 
towards effective stimuli 

I I I 
. Ii'\rv I Response 

_S_t_i_m_U __ l __ U_S~_S_i_Z_C~_-__ f_.h_a_p __ 0 ____ ~!_C_o __ l~ur Mobile Stat10n~ fish 

3" Rectnngulur L.Brown No Yes 

3 " Rec tang u 13 rD. Brmvn No Yes 
1. 

3" Rectangular L.Brown Yes No Avo i iance 

J" Rectangular D.Brown Yes No 

---------------------------------------------------------------------------
2" Rectangular L.Brown No Yes 

2" Rectangular D.Brown No Yes 
2 . 

2 " Rectangular L.B[own Yes No 

2 " Rectangular D.Brown Yes No 

lit Oblong L.Brown No Yes 

I" Oblong D . Brown No Yes 
3. 

I" Oblonq L.Brown Yes No ++ 

lit Oblong D.Brown Yes No +++ 

Negative response 

+~ Approach and pecking at the food model (stimulus) 

++T Increase in frequency of approach and pecking response . 



Table 20 

Selective response of fish b. putitora t:::~amt:'le x ) 
towards effective stimuli 

Sti sizel-
I 

mu lus Shape Co lour Mobile . 1 Response 

I 
Statlonary of fish 

3 " Rectangular I. . Brown t-4o Ye s 

3" Rectanyu la r D. Br- own No Yes 
1. 

3 " Re c tang ular L . Ry-own Yes Uo Av oi lance 

3 " Re cta ngul ar D. Erown Ye s No " 

2 " Re c t na ular L . Brown No Yes 

2 " Rectang u lar D. Brown :Jo Yes 
2. 

2" Rt-2 C t: a n CJ \ ~ 1 a r L. r ~ l (_wn Y ... ""'s No 

2 " I<ectalv,,ju lar D. Hr i)wn Yes ( J(, 

----- -------

1 " ObJonC) L.Brown No Yes 

1 " Oblong D. Brown No Yes 
3. 

J " Oblong L.Brown Yes No ++ 

l" Ob Ion'.:! IJ . Rrown Yes No +++ 

Negativ respon se 

++ Approach a nd pecking a t the f ood mode l (stimu lus ) 

+++ I ncrease in frequency o f approach and pecking respon se. 
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PRO'J'EA lJ I' E HAVIOUR 

The fish ~. putitora shows two type s of diurinal 

movements 1. Short- length movements i n wa t er . These do not 

exceed more than 60 yards up stream and down-stream lures. 

2. Long-length movements during which the fish a nd their 

school travel upstream in the morning (6.00 - 6.30 a.m.) 

travelling several hundred yards and then travel back to 

the lake at approximately 11.30 a. m. to 12.00 noon. 

PROTEAN MOVEMENTS 

The fish ~. put i t or a shows s ingle erratic move-

ments by zig-zagging or leeping in the s tream . This protean 

behavio ur is shown during down stream and up stream journey , 

fish do not travel parallel to water flow out show protean 

bep~viour by zig - zagging so that when they travel down 

stre am, the water flow is a t 120° to t he right o r left of 

the f r ont region of the f i sh. Similarly, whil e t rave l ling 

up stream, the water f low hi ts the tail at 60° . This zig­

za9~ ing protean behaviour is u sed as a postura l device by 

th~ fish to offe r least resistance in water and at the same 

time, moveme nts at angle to water flow facilitate swift 

journey using l east possible energy. Whereas, when showing 

movement-pause the fish always orientate parallel to water flow . 



3; 

CONCLUSIONS AND DISCUSSION 

The fish Barbus putitora uses protean beha viour 

as a means of energy c onse r v at ion during up- s t ream and 

down-stream for energy. 

Occurance o f protean behaviou r in prey organismE 

has been reviewed and disc ussed by Humphrie s and Driver 

(1 967 ) and Humphries a nd Driver (1970) . No evidence is 

available on the e co- behavioural aspects of p rotea n 

displays involved i n other behavioura l pattern exc ept 

courtship display, Iqbal , personal observation ) . 

Present studies indicate that protean displays 

are used as postural device for energy conservation. 

Such postural erratic devices are comparab le to sudden 

j et b l asts emp loyed f or p u .'pulsion. 
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INDUCED BREEDING 

Five males weighing l~ kg and 5 females 

weighing l~ kg were used in the induced spawning experi­

ment . The preser ved pituitary (male and female ) o f the 

f ishe s wa s homoge ni zed fl nd di luted with a drop o f 

_,wa t e r and centr i f uged . Int er'inusc u lar i n j ection o f t he 

fema l e pituitary was then q ive n to the fema l e f i s h a t 

a rate of 3 mg/kg of t he body we i ght . Aft e r four hours 

a D o t h er inj e ction wa s given at a ra tio o f 5 mg /kg . 

. The f emale wa s then f r eed inta the hapa ne t . The net 

wa s spr e ad in t he midd le o f ~quariu~ water, s o that 

it did not touch the bottom. 

Same process of injectioning male pituitary 

was simu l taneously given to the two males , whi ch were 

also re leased i Ltu the s ame net. After some time the 

f emale s h owed s plashing move me n ts in water. After seven 

and half hours the female s ecr eted the s pawn and the 

male d i scharged milt over t h e eggs . 

Ha t ching o f the eggs occurred af t e r fou r t een 

hours of f e r t i liza t i on. Two nets were u sed du r i ng hatching 

one was l a rge and the other o ne small. The lar ger hapa 

con t aine d the sma ll e r one i nside it . Whe n the eggs hatc hed 
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the larvae came out of the meshes of smaller one and 

went to the larg~ r net, through which the fingerlings 

could not pass down . 

After t he completion of this procedure, all 

the fingerilings were tr ansferred to t he pond. The cage 

was not poured at once in t he p o nd b e c a use the abrupt 

-c hange of t emperature may effec t fingerlings. The cage 

was gradually poure d so that fingerling s could aclamatize 

with the temperature . 

. -" , 
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GENERAL DISCUSSION 

In the last two decades unlimited number of 

limno]ogical studies have been conducted on the fresh 

water and marine ecosystem. During recent time, commer­

cial fisheries has become one of the most important 

fields of economic upsurge . In order to successfully 

propogate and economically breed the economic fishes, 

it is necessary to study the ~biotic factors and their 

influence on fish survival, breeding the population 

dynamics . Such studies are few in number (Frey, 1949; 

Bayless, 1963; Davis et al., 1969; Davis and Darrell , 

1971). Since Mann (1969) emphasized the need for studies 

on dynamics of aquatic tcQ - system, a number of studies 

of variety of fresh water eco-system have been under­

taken in different parts of the world. Projects such 

as those on Vord rer F instertaler Sec in Austria 

(Pechlaner et a l., 1973), Lake Marion (Efford, 1969, 

1972) and Charhake (Rigler, 1972; Schindler et al., 

1972) in Netherlands, Lake Gcorge (Gr enwood and Lund, 

1973) in Uganda, Loach hauen (Morgan and Mchusky, 1974) 

and the river Thames (Mann et al., 1972; Berrie , 1972a) 

in Great Britain and many projects in the USSR ( see 

Winberg, 1972a) trophic levels and their results enable 
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us to begin a "whole ecosystem " approach to the under­

standing of the dynamics of a production which man may 

harvest. In this chapter we shall discuss three examples 

of this approach. In Pakistan such studies have never 

been under taken nor does any body understand limno-eco­

behavioural dynamics for propogation of commercial 

fisheries. Present s tudies were an effort to explain 

the reportoire of these fundamentals to propogate the 

fish Mahseer, ~. putitora, for commercial fisheries. 

Present studies indicate that among the ~-biotic factors 

of an oxygen l evel of 4.5 - 4.7/ppl, temperature ranging 

from 13° -36° C and pH of 7.2 - 8.6 are adequate for 

survival, successful propogation and economic breeding 

of these fishes. Besides, these studies also indicate 

the level of phosphates present in water and identify 

the planktonic fauna predated upon by the fish . The 

importance of oxygen level and particular temperature 

have been emphasized for respiration and blooms of 

planktonic fauna, survival of vertebrate life, and for 

' allochtnnousenergy input (Bindless, 1974; Ganf, 19 74; 

Gwahaba, 1975; Brett and Higgs, 1970 ) . 

The significance of gregarious feeding behaviour 

has been postulated by Brown and Orians (197 0), Cody 
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(1971), Pianka (1974) and Thompson et al., (1974). But 

direct evidence on feeding behaviour of fishes in 

relation to stimuli-orientation is not available. Beri, 

et al., (1974) reported the role of visual stimuli in 

the feeding behaviour of stripped mullet, Mugil £~~halus. 

Orientation of the fish Crenilabrus towards the visual 

stimuli under the dorsal light reaction was described 

by Von Holst (1935). Present studies experimentally 

isolate different stimuli such as effective stimuli 

perceptually operated by selective responses of fish 

through visual stimuli of size, shape, colour and 

spaci~-temporal frequency of movement elicited by the 

stimulus itself. Similarly, the investigation also 

describe the orientation-response of the fish being 

operated under the influence of dorsal light reaction. 

The orientation itself is operated by a reportoire of 

tropotaxis, telotaxis and menotaxis. It is suggested 

that these studies will play an important role in the 

successful propogation and survival of fishes , when 

feeding behaviour and food habits of different commercial 

fishes, their food reo qui rements, feed efficiency and 

'~ length-weight and food relationship have to be thoroughly 

worked out. Previous studies on carps have mainly been 

directed on the utilization of carbohydrates (P~eyachandran , 
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1976) Chinkichi et al., (1976) have briefly reported 

utilization of protein by rainbow trout and carp. Present 

studies report that 35% proteinin the diet of the fish 

are best suited for propogation and economic feeding 

of the fish B. putitora. 

Behavioural energet i cs as a useful denominator 

for relating social behaviour to production has been 

emphasized by Wolf et al., (1 972) and Pianka (19 7 4). 

Intensive laboratory studies have been made on metabolic 

expenditure, conversion and nutrient re luirements 

(peamish and Dickie, 1967; Beamish, 1974; Webb, 1975; 

Halver, 1976). No data is available on energy conser­

vation mechanism utilized by animals. Protean behaviour 

as a means of defence mechanism has been reported by 

several workers (Humphries and Driver, 1967; and, 

Humphries and Driver, 1970). Present investigations 

introduce and describe the significance of protean 

behaviour as postural device for energy conservation in 

the fish B. pu titora. 

Indo-Pakistan severa l wo rkers have made studies 

on the induced spawning of carps (Chaudhari , 1960, 1963 , 

1969; Qazi, 1965, Doha and Dewan, 1967; Dubey, 1969; 

Jafri, 1973, 1977). Present studies on the induced spawning 

indicate that the fish B. putitora can be bred experimental. 
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