Studies on the Breeding Biology And Behaviour
of Barbus Pituitora (Mahseer)

C-Qu/BIO (84)
FINAL REPORT

( January 1978 — December 1978)

DR. QAZI JAVED IQBAL
PRINCIPAL INVESTIGATOR

QUAID-1-AZAM UNIVERSITY
ISLAMABAD



NiME

Dr. Qazi Javed Igbal
Dr. M.H.Qazi

Mr. Fazli Subl.an

LIST OF SCIENTISTS

DISIGNATION

Principal Investigator

Co-Principal Investigator

Research Officer

WORKING HOURS

35%

35%

100%

GRADU .TE STUDENTS

15 Fazli Subhan

2o Miss Tahira Shaheen

M.Phil Student

M.Phil Student

Ao K R o o ko K A ke




PAKIGTAN SCIENCE FOUNDATION

ANNUAT, RESEARCH REPORT

Project No: C-QU/BIO (84)

Project Title: Studies on the Breeding Biology and

Behaviour of Barbus Pituitora (Mahseer)

Name of Institution: Department of Biology,
Quaid-i-Azam University,
Islamabad.,

Total amount of Grant: Rs. 33,360/-

Report Period: January 1978 to December 1978

Sumimery of Progress for this report period ; Bnclosed.
Al e,

ERERAF R R Rk




(]

PAKISTAN SCIENCE FOUNDATTION

Bk ok kK ok ok

(FISCAL REPORT)

From January, 1978 to December 1978.

Name and address of grantee: Dr. Qazi Javed Igbal

Department of Biological Seiences,
Quaid-i-Azam University,

Islamabad

C-QU/BIO (84)

Project No:

Title of the Project: "Studies on the Breeding
Biology and Behaviour of

Barbus Pituitora.

Amount of Grant: Rs. 33,360/-

SULMARY STATUS OF FUNDS

Total Grant fund received during
the report period (Jan, 1978 to December 1978)

Total Grant funds spent during this
report period (Jan. 1978 to Dec. 1978)

Balence Grant funds in hand on end of
this report period

Outstanding liabilities

Rs. 33,360/-

Rl 95,560/ =

Nil

PART

GRANT FUNDS SPENT DURING T.IS REPORT

Salaries and benifits of Project Fersonnels:
Travel of personnels within country:
Supplies and material (detail attached)
Other Cost

Total from itom 9-12

RECURRING COST
Rs. 21360/~

Rs., HNil
Rs. 1200/-
Rs. Nil

Rs. 33’ ) 360/"'




PART IT

GRANT OF FUNDS SPENT D

1k, Capital Assetr provided under grant

154 Total grant of funds spent d

5 this period
(January, 1978 to December, '

78)

16, Signature of the Principal Investigator

17. Designation:

18. Dated 31 December, 1978. ; % Ny

AN EFF R R R R kR Rk R kR




2.

e
.

i
L

HwsProtean behaviour

INTRODUCTION

PLAN OF WORK
METHODOLOGY
LXPERIMENTAL

A Bimaolapde il Sudi o

;,'Eeeding behaviour

®w Lengih-Weight relatiﬂn &hip:
! iF !

of the fish

e. Induced Breeding

GENERAL DISCUSSION

NEED FOR ADDITIONAL RESEARCH
LI.T OF PUBLIC TIOUS

REFERENCES

31
Z2

34

35

36




N&ME & ADDRESS OF THE
INSTITUTION

PRINCIPAL INVESTIG.TOR:

FINAL REPORT

DEPARTHENT OF BIOLOGICAL SCIENCES
QUATID-I-AZAM UNIVE:SITY, TSLAMABAD,

DR, (AZI JAVED I7BAL

CO-PRINCIPAL INVESTIGATOR: DR. M.H.QAZI

PLOJECT NO:

PROJECT TITLE:

REPORT PERIOD

VICE-CHANCELLOR
QUATD-I-AZAM UNIVERSITY
ISLAMABAD

C—gU/BIO (84)

STUDIES ON THE BREEDING BIGLOGY
AND BEHAVIOUR OF BAR.US PITUITORA
(MAHSEER) S

JANU.ARY, 1978 TO DICEMBIR 1978.

,J7;f~-«12

(DR. QAZI JAVED IOBAL)
PRINCIPAL  INVESTIGATOR

(DR M.H.QAZI)
CO-PRINCIPAL INVESTIG.TOR




SUMMARY

The present investipgetions were ained inditially at the
primary productivity of the Ramli stream used for supplying running

water to experimentael ponds employed to study the brecding biclcogy

e

and behsvicur of Mahscer (Barbus Fituitora ). These investipstions

are impertant ns Mahseer is =n eccnomically.important fish but

very difficult to brecd. It is cf utmost importsnce to knew h-bictic

and bictic factors opercting and controlling & particular fish fauna,

Our investigaticns show that a Temperature of 16°- 34°C and dissolved
Oxygen (2.7-7.9 ppl) are important controlling factors in the breedirg of
this fish. Besides, phytc- and zooplanktan, of the stream src describod
with reference to thuse cne en which the fish predate upon, such as

Cyclops magnus, Diaptomus sp. Daphina Sp. Moina brachitata Chyderus

P

ovalis. Other a-biotic factors like pH and phosrhate cemtent are

deseribcd for refereice.

Growth rete oo the fish under differe.t dietsary conditiors
have beer worked out, usi:g length-weipght relationships. Two running
weter ponds end four aguarium were employed in the study. The investiri--
ticns show thet 35% protiens in the fish diet are best suited for
adequate growth rite and breeding of Be Eituithrfe

The length-weicht rel:stionships show tr.t W=untilcg

(=3.7590227 + 2.4026106 log L).
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Feeding behcviour is init;ated by v.sval stimuli end oriented
by ortkrockinases, though telstaxis and dorsal Bight re:scticn nlay
importent rcle. Focd crientrticon is impressed by paulevien elassical

cenditivoning.

Diurnal short length snd long length migroticn :re supportad
by pretean behaviour which acts =s energy censerv: ticn machanisus.

Both zdgzeging pettern and luping is scbserveble.

Sexuzl Behaviour breeding start in the end of April and
lcst upto midddle of Sept.

Spawning wes induced in the fish by giving in_ :etion of
preserved pituitszry glend in a ratio of 5 ng/Kg of the bedy weight

of the fish. Spawning cccured after ?-7% hrs. of hhe injectien.
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INTRODUCT IO

Fresh water fishes of Fzkistan have a significehh economic
importance due to their nutritive value especially aninal protieuns.
Taxomomic status of most oftHés fresh water fishes has been established
and catalogued (Ahmad, 1961). httempts have a2lso been made by the fishop-
ies deptt; to update fresh water fisheries managemen! programe for
the proliferation, survival, feed, breeding and economic use of some
of these fishes. It need be emphasized herc thet for successful
breeding and propagation of fishes, contrclled mechanism involved
are to be related to the ecologiczl complexes in which these fishes
thrive. In this reagrd little work has been done (Bagai and Zubairi,
19?4, Azra and Igbal, 1975). inother important factor operating on
the fish bdoleogy is fish feed and food preference and the fish growth
in relation to feed and ecolegical factors such as dissolved OXypen,
temperetug ,.vhospheates, nitrates and chlorides. Little work is
reported on the food habits znd feeq of carps (Menon, 1955; Hussaing

19555 Veas, 1957; hlikunBi, 9%58; irshad, 1965; Desai, 1968; Ahneads
1969; Sukmaran, 1969; Hepher, 1969; Szunmiecc; 1969, Khandker, 1570;
daved, 1970; Chinkich, et al, 1976). Lastly, investirations sre necded
to breed the fish artificially in the fish pond, Here elso we find
scanty reports on the cxperimentsl breeding of the carps (Hussain, 1965;

Vlodek, 1968; Ch;—-_.udhqr1195851969; Konmaditt, 1968; Jafri, 1973;

1977; Doha and Dowan, 1967; Gazi, 1965).
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The present investigation were aimed at describing
environmental factors such zs dissolved oxygen and organic phasphite
pH and temperature, which pliy an important role in controling survival
grcwth and successful breeding of the fish.

The investigation zlso describe food furmubxt;nn, ford
prefrence ¢nd length weipght relationship of the fish. Lastly investigetics

bricfly described experimentsation with induced breeding.
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PLAN OF WORK

Limnological Studies of the Supply Stream.

Limnological Studies of the Experimental ponds.

Collection of Fish

Studies on the Environmental factors controlling survival
and breeding of the fish.

Food formulation.

Studies on the feeding behaviour.

Studies on the weight-length relationship.

Studies on Energy conservation. .

Breeding seagsn

Induced Breeding.
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MEZHODULUGY

Erimary rroductivity of the stream and ronds.

later samyples were collected from two stations selectad

at the stream and were then comrared with sam)les eollected from the

two ex;erimental ponds, sujrlied with stream water through 1/2" and 2"
dismeter pires at different flow rate, Day and night samyples were
taken from the rtonds.. Samples were collected simultaneously upstream

downstream and from the ronds. Fonds were of two different dimensions

L5tx251 g 6! high & 35! & 5! high, water could either flow independently
of each jond or could be run from rond I to yond II.
Oxygen curves were constructed by wrinkler's method

as given below:

Estimation of dissolved oxyren by Wrinkler's method

Heagents i~ Chemicals used for fixation

e Menganese sulihate:- 367 gms. of linSo), ¢+ dissolved
in distelled HEO and diluted to one liter.
2.  slkaline Iodides= 360 gms. of NaoH wes dissolved

in distilled & then 150 gms of KI was added t 1o

the solute, which was then diluted to one liter.

crystals were dissolved by shaking.,

5. Sul furiec Acid 50%

="
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Chemicals used for titration:-

«01 N sodium thio sul:rhate ;= 2.5 gmsl of NaZSEDB was weighefi anc

dissolved in one liter of distilled Hgo.

Standerizztion of sodium thic-sulyihsate 1= Stock solution

1.225 gms= .01 N of K cr207 was dissolved in 1000 ce ot
distilled water chemical ly equivalent 0.025 N. To 10 ¢ c
of h >CT O, selution of .01 N, was added ayprox. 2.3 cc._of

a7
concentrated H f:o}+ and 5 ml of 15% KI solution g0 that an

equal equality of Iodine was liberated.
A {7

Reaction =s follows

. : %
}.2<:1'2C),7 + hh2504 K2804+ cre(Soq) + 4H2O 3+ 2 (02)
2 NAE e aiile) i () 2 KOH + I2

2Naz252 O3 + 12 2 Na I ¢ 2502+ 202

Yrocedure i~ uPa 5,0 '3 was draw in a burrete, and the level
marked. 10 ml of Irepared K20r207 solution was taken in
a conical flask, a few droys of Phenorhthelin was added as

indicator showing blue colour. This was filtrated against

Na25205till, the solution became colourless.

I@sult:i_
vol of Kﬁcr207

N of N 0 =SS rr
52 l% vol of uar,:.?()?

2. Starch Solution :- 29
Frocedure :~ Fixation of water samples:i- 250 ml brown

bottle was filled with vater, so that no air bubble was
trarred in. 2 ml of M 1,60, was added to it followed by 2 ml
of alkaline solution. after shaking, a dense c(loud of Irecije-

tation ayjeared at the bottom. The lracijetate was allowed
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to settle down. After half an hour 2 ml of HpSoy was added. The
rraciretate dissolved and the Samile became yellow. This colour
is due to the formation of lodine.
Titration
The burrette was filled with sodium thio-sulp hate, the
initial reading was noted. 20 ml of fixed sample was drawn by
pigpet in a titration flask, 5-6 dro;s of starch solution were
added as indicator, the solution became blue, then titrated agﬁinst
sodium thio-sulphate drop by drop, till the sample became colourless,
Final reading was noted. Difference of e tvo readings gave the amount
of sodium-thio sulihate consumed.
1000
5

Résults: Nxv X ——— X 5.6 %
B-2

Istimation of Inorganic Fhosihate

Fiske & Subbarow Hetnod (1925)

Reagents i~

e Standard phosphate Solution :- 0.%351 gms of pure ary

mono-potassium phosphete was dissolved in water and
transfered quantitatively to & 1-litcr volumetric tlask.

10 ml of 10 W sulfuric acid was added, and diluted to the
mark with water, and mixed. This solution conteained 0.4 mg
of thosihourus in 5 ml, This made the solution stable
indefinitely.

2e Yolybdcte Solution:- 25 ems of reagent grade smmonium

molydbate wes dissolved in arrroximatly 200 ml of water. To

a d-liter volumetric flask containing %0 ml of 10 N sulgphuric

acid,the molybdete solution was added and diluted with woshing

to & 1 liter and mixcd to render it stable in definatelys
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Aminonaj htholsulfonic Acid Reagent :- To 195 ml 15%

sodium-bisulfite solution contained in & glass-stopierca
cylinder, 0.5 gms of 1y2,4-aminona; hotholsulfonic acid

was added and then 5 ml of 20% sodium sulfite. This was

shaken until the owder was dissolved. The solution wzs trans-
fered to a brown glass bettle and stored in the coold incubator

This solution was useable for about four weeks.

Procedure :-

Standard was prejared by taking % ml of stock standerd,

adding to it 12 ml of distilled water, so that it became 5 times

dilute. From this 6 different wncentrations were jrerared as

follow:-
81 = 0.5 ml of 5 time dilute solution + 4.5 ml distilled wetor,
82 = 1.0 " " " " " n }4,-0 1 ] n
S = r‘] 5 n 1" " n 1 I " 3 5 1" 1 mn
3 3 -
SLL = . 2.0 n mn " n 1 " " 3.0 " " 4 xl::""':
- i1
8 gt 2Bt e e i i "o.5 M 1 W
5 1 =
£
S6 5 5‘0 1" 1 1] " " 1 13 200 i i T 27
To each standard i.e. S1 Ssececne %?’ 0.4 ml ANSA and

1 ml Molybdate solution was added.

Samrles were fre; ared as:

T, = 5 ml of gure sample + 0.4 ml ANSA + 1 ml
{ molybdate solution.
To = 2.5 0l of mample & 2.5 mldistilled

water + 0.4 ml ANSA + 1 ml molybdate solutiona
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The sclution wes left for. 10-15 minutes ané then transfered

a rortien of the coloured solution into z contsainer and readings were

taken with rhotometer at 660. The Photometer was set ot zero density

with a blank, pre;ared by treating 5 ml of distilled water with
1 ml of molybdate solution and 0.4 ml of LNGA r

cagent. Densities of

standard snd samples were noted from photometer,

Results -

Density of Sample Standard's concentratiqg_x 100
Density of standard Volume of sample
| e

mg pi/100 ml of sam:le.

Temyer: ture was noted using electronic thermister and

1H. with a jortable ;H meter.

Observations were made over a teriod of eix months. aplroximete
veriables of dissolved Oxysen and temperature were alsc monitered
using equariums (4) 5'x3' & 4' pigy 1laced alongside the ;onds and
by supplying oxygen with air rump and different levels of warm
water with heated water flow into the aguariums at different flow

intensites (Fig.1).




COLLECTION OF FISH

Fishes were collected from Hassan bLbdal fish Tarm
Bara K h Stream, Chattar Bagh Stresm and Outlet stream &

Rawal Dam. Fishes were brought in fish contsiners.

Measurement of Fishes

Length: Fishes were measured from tiy of the snout
to the ti: of the gill and from ti. of the LA1T o the! £iy of
tail fin and then from the ti; of the tail fin to the tail fin
enda
Weight. 4 container was half filled with water and weighed
as (a), then the fish wes put into it snd apein weighed as (b).
The actual weight (W), was worked out as b-a =W,

Length-Weight relstionshiy

The length-weight relationshi) was expressed as follows:
W= a L? Where W is weight, L is length and & and b em; erically
derived constanés determined by standard regreésion analysis.
This was further exiressed in logarthmic form; Log W=log a + b
log L (Grover, 1976).

Each fish was tagged before release and bi-monthly

length-weight meassurements were taken to observe growth-food

relationshije.
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Plankton founa on which the fish were observed to rredate wes
noted and identified.

Observetions on -rotean Behaviour were made at the
inlet stream of Rawal Dem. Observation om the maturity of male and
female fish were made by (a) Squezing out spematazea and ova from the
fish (b) by disecting the fish and then scanning the testes and ovary
under a Binoculer microcoye.

Tﬁu breeding behaviour of the fish was observed in the ex er-
imatal jondsa.

Induced frawning was effected by injecting ;ituitary in the

male and female fish as given below.

The ypit. gland of the several fishes were taken out by
dissecting the fish.It was then placed in a rolythene bag and
rreserved in cooled incubator at -10°¢.

The fishes of known weight and length were given injections
of jituitary to affect srawning behaviour in April. Ixperiments

on induced breedin; were carried on in aquariums.,
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CBSERVATTIONS & RASULLS

Limnological Studies

pH: Hydrogen don concentraticn ranged between ?.2—8.6,
which is slightly alkaline in naturea

Fhosyhate! Inorganic thos hotes were maximum «0%=.04 mg/ml
in June-July, while in winter, the concentration was low being .003-
001 mg/ml.

Oxygen: Dissolved oxygen wes minimum in June, ranging
between 4.5-4.7/vrl and was maximum in January renging between

6.6-7.9/r71.

When water flow into the :onds was controlled and brought
to a minimum, the dissolved oxygen content went down to a minimum

and toxicity caused 1C0% mortality to the fish.

Exverimental observations were made, using aquaria 1laced

alongside the ;onds (fig.I). Results indicated that a low concentrztion
of oxygen (2.7/11l) caused mortality to fish.

ek o
Temjerature: Minimum température ranged between 13-15 C

in ‘Jan, and max. ranged between 20—3600 in June. Exerimehts on temp-
erature effects were conducted in the agquaria (Fig.I) The results show
that temperature is also wn imortant factor in the breeding and
survival of the fish and that a temrersture ranging between 16—3400

is favourable for the fish.

Zoopleuktons such as Cyclojs magnus, Diajtomus S}h.

Dajhina syp. Moina brachitata Chydorus ovalis are usually :redated

upon by the fish Rerbug ;ituitora.
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No.

I

Formul: ticn of feed containing different level &

protein,

Ingradients

0% kr: tein

25%, Frotein

30% FProtein

99.0 tme.

Casein ] 0.0 @ms 25.08 pms. 30.0 gnms Se DR ETIEE
H
t
Starch P 20,0 M Tophle) W i 15.0 " 0.0 "
Cellulose I SO el 25 40 18.0° 0 ool oy
Minerals L.g n 20 2.0 " 2.0 H
Vitamins e @il LI ol D b.o n |
|
0i1 s e 190 160 1 )
s‘
Gluccse 2000 N [i=1c Sgeee el 15.0 1 |
‘- 1]
— a
100.0 = ! 100.0 = 100.0= 100.0=
585 calcrios 371 colories i584 calories| 375 colories
| value value % value value




Cbservations and Feeding bLehaviour. .

Feeding Behaviour is initiated by visual stinul#.of
the food and orientation as by teloteéxis and orthekinesis,
tirough dersal light reaction play important role in the
intisity of orientation Feed orientation may be impressed

by Pavlovian canditigning,.

recd Relationshipse.-

Results:- Feur dietery experiments were cenducted

on the fish, alogpgwith a control groups.. Bach group was

ef four fishes, each fish was measured weighed, tagged
and then released into the experimental acquariums, Results
are shown in tables 2-10.. For comparison see graphs of
veilght relationstip and length relationsvip(see graph 1-4).
The fish fcood was prepargd is given in table I.
The results indicate that 35% pretein in the deit
are best suited for adequate growth of the fish,

Chservation: -

On feeding behavieur show that stimulation orientation
machanism play a supcerting fector in artificial feeding
of the fieh and that the fish may be conditioned to feed

an farmulated foed.
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Table No II

Initipldyugigit and length of the Maohseer (Barbus pituitors )

befure treating with any specifie diet.

No of Total Length Length Length Totel Total Tote 1L
Specigs| weight | from from of tail | length ‘| Increasing Increasing
Barbus |of the: fmouth tolend of |fin = | from length of | weigth wof
pituitef Speciesi the end | gi11 _f' s mouth l the spec- the B.
ora 4Barbus ‘[ ¢f gill | ecver v unte i des B. pituitore
: pitui~ |cover upto end } tail pituitore

tora ' i cf bady end i

(ems) Wl (am) I'(mm) 1 (mm) (mm ) () . (gms ) W
e el 10 50 I 15 75 g x
24 { 4.0 e {15 75 X X
34 k.o 10 50 15 25 x x
1 430 10 50 15 75 PR x
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Tuble NoJII Group hA.

Result of the feedinpg Experiments with Mshseer (Barbus., pituitcer: )

Areup .

el e | UGS vl Length Length Length Totel Torel Tetal
pecles! weipht from frem of teil | length Increcssing Inereesing
arbus ; cf the mouth end af fin from length of weight
itui- | Species the end gill mouth the spec- | the B,
G Birbus of gill cover upte ies B. pituitc r-
pituitcral cover upto end tail end piltuitcra
cf body
(ems ) W (mm ) {mm ) (mam ) (mm ) _tu,i@@Q-___ﬁ,lEE§)F_h_
: L.g 10 54 15 L 79 b 0.8
L.8 10 54 15 | 79 4 0.8
i i 1
. ! .8 10 5h 15 79 = 0.8
: i i !
’ i ;
| |
i 4.8 10 L s 15 79 ]! 4 0.8 |
I |

hseer (Barbus pituithL] were fed experiment:l diet centeoining (0% pretein)

v fiftoen doys ot 25-27°C of wator temperature.

mertolity occurred during the experiment:l pericd.




]S

Table No. 1I¥ (Group 4)

Result cfthe fceding experiment with Mahseer (Barbus pituitore) ETOUY) ke

No ¢f Totel Length
Species |weight from
Barbus of the mouth to
pituitcerd Species the end

Barbus ! of gill
pituitcrs cover
(gms ) W (am )

Te 5.7 16
2. Biae 16
3 St 16
L, 57 16

Length Length Tetel Total Total
from of tadl | length Inerecsing| Incres sing
end of fin from length of jweight of
gill meuth the spec~ |the B.
cover upte ies B. pituitora
upte end tail pituitera
of body end

(mm ) (mm ) (rom ) (mm ) (gms )w

58 20 ok 19 1.7

58 20 ol 19 a7

58 20 gl 19 1.7

58 20 ok 19 17

Mahseer (Barbus pituitcra) were fed experimentel diet centeining (0% protein)

for thirty day at 25-27°C of water temperature,

No mertality occurred during the experimental periodas
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Table Ne.VI

@éﬁglt ¢f the feeding Experime

Total

| weight
[ of the
{ Species

::Bdrbus,

! (gms) W

Length

from

‘mouth to

the endg

of pill

i Pituitord cover

(mm )

from

lend of

gitl

COVEr

upto eng
of bct‘d-_.;y E

(mm)

B L e

16

18

18

18

60

60

60

60

&

lighseer (Bakbus, pituitora) were. fed experiment

1 fteen days ot 25ﬁ2700 af-water=%eﬁj“fggur
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(mm )
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73

73
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Table No.X

(Group D)

Result of Ithe feeding experiment with Maohseer (Barbus. pituitora)

} group D.
F.of Total Length Length Length Pt ol Total Total
’&wﬁs weight from from of tail | length Increasing [Increasing
Bubus, | of the mouth to|end of fin from length of |weight of
ﬁmﬁora. Species |the end |gill mouth the spe- the B.
| : S
Barbus. jof gill | cover upto cies B. pituitora.
pitritoral cover upto end tail end | pituitera
of body
a (gms) W (mm ) (mm ) (mm ) (mm ) (mm ) (gms) w
i 25.2 28 90 29 147 72 2-1se
2 25.2 28 90 29 147 72 2o
b 25.2 i 28 90 29 147 72 2142
g 25.2 28 50 29 147 72 22

Mahseer (Barbus. pituitorg) were fed experimentul diet containing

(35% protein) for thirty days ot 25-27°C of water temperature.

No mortsality cccurred during the experimental period,
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LENGTE-WEICHT RELATIONSHIP
PRODUCTIVITY LEVAL.

RESULTS :

The analysis of length-weight

as follows:

-i W =g Lb . where W is weight ¥ ¥ s
) b emperically derived constants determined by

analysis. This was further expressed losrithamic

log W = log a + b log L.

Applying the method of least scuare, we

of 'a' and 'b' as

b = (1'1- T log Ty % 'log_ W) ot ( )

0 & (1og 1)2 = (F




Now putting the values from table in

finding the values of b and log a.

p={nZ (log D x log w)- (T log 1.
n I (log 1)° - (£ log

_(23 % 91.301kk45) - (39.158889 &
23 » 122.32554 - (52.93

_ 27,0701

T Tors = 2-4026106

2. k026106

og
]

_{nZlogl xlogw) - (Z log L % log w)
n 5 (Yog L)E =~ (5 doe i)

For log a

[2(10g 1)° (2 log w)] - [(L log L & 5(lo
n % (log L)® - (T log L)

log a =

(23 |

=

L2, 8803
= 115073

b

I

2.4026106

log a



CONCLUSTON:

The emperically derived

to be conducted on food, feeding

fish should be deduced using 1

comparable results may be abtained.
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LENGTH-WEIGHT RELATIONSH'I%BSZ

TABLE NO. XI

[

ﬁgécigz g:lam : m;‘m. f Logw LogL LogL¥1ogw 1ch2
e 7.0 99 . 84509 1.995635 | 1.6%U4911 | 3,982559
9. 11,0 113 1.041392 2.,053078 | 2.138059 | 4.21512292
5. 15.0 121 1.176091 2.082785 | 2,4497520 | L,3379933
L. 18.0 132 lI 1.255272 2,120573 2,0618959 | L4.4963298
= 25.0 147 1.3979k 2.167317 | 3.0297791 | L.6972629
6o 28.0 152 1.457158 | 218184 | 3,1574497 | b,7604257
T 35.0 165 1.5LL063 2.21748 3.0239399 | 4,9172175
3, 40.0 177 1.602059 2.2479732]  3.6013356 | 5.,0533835
9. L6,0 184 1.662757 2.,264817 3.7653403 | 5.129396
10, 50.0 189 1.69897 2.2364618  3.7996815 | 5,0017613
1. 62.0 | 213 1.79239 2.328379 | 4,1733632 | 5,4213487
12. 66.5 212 1.8228 2.326335 | 4,2L44899 | 5,4113345
13, 72.0 225 1.857332 2.35218 4.36878815| 5.53227507
14, 75 .6 230 1.87852 2,36172 L. 4365382 | 5,5777213
15, 79.5 239 1.900367 2.378397 | L.5193271 | 5,6567722
16. 82.0 245 1,913813 2.339166 L,5724169 | 5.7081141
17. 83.0 254 | 1944483 2.,404833 L.6761496 | 5.7832217
8. 93.5 261 ' 1.970%11 | 2.4166405( 4.7627416 | 5.8401513
19, | 105.0 290 | 2,021109 | 2.4477158] 4.ok61633 | 5.983582
0, |i15.0 293 | 2.0%307 | 2.459392 | 5.0493039 | 6.04%09
24 14,5 296 | 2.,053805 2.4712917| 5.0879077 | 6.1072826
22, 132,5 317 2,122215 2,501059 | 5.3077849 | 642552961
23. 142,0 339 2.15228 2,530199 | 5,kL56967 | 6.,4019069
39.158389 52,934678 91.301445  122,32554
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OBSERVATION ON PROTEAN BEHAVIOUE

The fish show two ty,e of diurnal movements; Short-length
movements in slow weter. These donuot exceed more than 60 yards
up-stream znd down-stream lures. Long-length movements during
which the fish and '™ 7 school travel ujp-stream in the morning
(6.00-6.30 am) travelling : everal hundred yards and hen travel

back to the lake at approx. 11.30 am to 12.00 noon.

PROTEAN MOVEMENTS

The fish show single erratic movements by zig-zagging pr
looring in the stream. This protean behaviour is shown during
down-stream and up-stteam journey, fish od not travel parallel
to water flow but show protean behaviour by zig-zagging so thaf
when they travel down-stream the water flow is at '120O to the
right or left of the front region of the fish. Similarly, while
travelling up-stream, the weter flow hits the tail at 60°. This
zig-zagging protean behaviour is used as a rostural device by
the fish to offer least resistance in water and at the same time,
movements at an angle to witef flow facilitate swift journey using
least possible energy. Whereas, when showing movement-rause the

fish always orientate parallel to water flow.

L
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INDUCED) BREEDING

Two males weighing 1% kg and one femsle weighing 12 kg were
used in the induced syawning exieriment.

The yreserved pituitory (mele and female) of the fishes was
homogenized and diluted with a droy of distilled water. The sample we
then centrifuged. Intramuscular injectien of lthe female pitunitary wao:c
then given b the female fish at a ratio of 3 mg/kg of the body weight
After four hours another injection was given at a ratio »f 5 mg/kg. °
female was then freed into he harae net. The net was spread in the mid
aquarium water, so that it did not touch the bottom.

Same jrocess of injectionig male pituitary was simultanesuly ' -
with the two males, which wefe also released in to the same net. After
time the female showed s; lashing movements in water. After seven and L.
hours the female secreted the spawn and the male discharged mid over the
egEs.

Hatching of the eggs occurred after fourteen hours or the fect .
ation. Two nets were used, one was large and the other one mmall. The

larger hapa contained the smaller cne inside it. When the eggs hatchec

the larvae came out of the mashes of smaller one and went to the larger n..

mesh, through which the fingerlings could not pass down.

After the completion of this jrocedure, all the fingerlings
were transfered to the pond. The cage wos not ynured at once in the
rond because the abrurt change of temperature may effect fingerlings.

The cage was gradually joured so that fingerlings could aglamatize the

temperature.
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