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PROJECT PROFILE

Air breathing fishes remain a biological enigma evei since
their discovery. They are characterized by their capacity to
utilize atmospheric oxygen for respiration by certain morphological
adaptations, in addition to availing tn= dissolved oxygen in water
through branchial respiraticon as in other fishes. The structural
adaptations for air breathing appea¥s +5 have been developed by
these fishes belonging to diverse genera to insure against adverse
water conditions when aquatic respiraticn becomes inadequate.
Majority of the air breathing fishes arez native to tropics, mainly
found in freshwater swamps and pools, which often develop anoxic
conditions and nearly dry up during summer months. A few air
breathing fishes occur in temperate regions and alse in brackish
and marine environments. Air breathing fishes surface at intervals

to breathe atmospheric air.

The synaptic or bifarious respiration in air breathing
fishes has been studied extensively beccuse of its possible role
in the evolution of amphibious and terrestrial vertebrates.
However, air breathing fishes remained a neglected group from
the fisheries concern and very little bzseline information on
their biology, seed resources and procduction amplitude had been
available, compared to cultivated cazps. There are over 20 species
of air breathing fishes in India belonging to différent families,

of which species such as the giant murr~1 Channa marulius (Hamilton),







..
(&3]
-

processes, induced breeding, natural seed resources and nursery
management have yielded considerable information to embark on
production oriented programmes. .Stocking of swamps, derelict
waters and ponds, offers scope for high production of fish unit"
water space. Culture of air breathing fishes in cages ‘installed

in swampy waters also can give high yields from such waters.

The immense potential of air breathing fishes as promotional
species for developing new fish culture systems to harness fallaow,
energy-rich natural resources and thus opening up new prospects
for improving the national economy by increased fish production

and employment generation has been justifiably envisaged.
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PROJECT PROTOLGL.

The braad teehaical programme of the Project was as

follows :

i) Studies en the fishery status of air hreathing
fishes.

ii) Investigations on the ecology of derelict waters
(swamps, tanks, etc.), including nutrient balance
of soil and waters.

iii) . Studies on the biology of air breathing fishes
(murrels, magur, singhi and kawai).

i¥) . Induced breeding of air breathing fishes and
standardization of the techniques.

v) Seed prospecting of air breathing fishes from
natural sources, refinement of methods of location
and collection and drawing up of seed calendar
and index through time and space.

vi) Studies on incubation of eggs and rearing of spawn,
fry and fingerlings of air breathing fishes.

vii) Developing suitable supplemzntal feeds for nursery
phase of air breathing fishes.
viii) Short and long distance transportation of fry and

fingerlings of air breathing fishes.



ix)

x)

xi)

xii)
xiii)
xiv)

X\ )

xvi)

xvii)

xviii)

as
(8]

Culture of air breathing fishes in swampy ponds,
paddy fields, cisterns and cages with varying

stocking density and inputs.

Formulation of supplemental feeds for the growout
phase of air breathing fishes and studies in feed,

CoOnNVversion.

Demonstration of the culture of air breathing fishes
in farmer's ponds, under 'lab to land' programme,

for dissemination of the technology.

Economics of air breathing fish culture.
Diseases and parasites in air breathing fishes.
Digestive physiology of air breathing fishes.

Nutritional and biochemical studies of magur inm

relation to i%s culture in paddy fields.

Toxicity, metabolism and detoxification of organo-

phos phorus pesticides in magur.

Toxicity and metabolism of malathipn and carbofuran

in magur in relation te its culture in paddy fields.

Nonprotein nitrogen utilization by magur and singhdi.



PROJECT APPRAISALS

Altogether seven Workshops were held at Cuttagk
(September t971), Patna (December 1972), Bangalore (September
1976), Barrackpore (December 1978), Hyderabad (October 1980),
Barraekpore (December 1982) and Patna (July 1984) for the

critical evaluation of the work done and to decide the

guidelines for future work.
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PROJECT DVERVIEW

KARNATAKA CENTRE
1.1: __;NTRDDUETIUM

In view of the high demand for murrels and scope for thei»
culture in peninsular India, thé-tentre in Karnataka cgncentrated
an these fishes. From 1977 onwards investigationms on singhi and
magur were also undertazken. The broad work programme df the Centre
included the estimation of the swamp and tank resources of
Karnataka, investigations on tHe ecology and fisheries of these
water bodies, studies on the biology of mirrels, singhi and magur
and tﬁéir seed mobilization iﬁcluding induced brééding, nursery

management and development of growout practices.

The Centre was initially located at the Karnataka
Government Fish Farm at Bhadra Reservoir Project (latitude : 13°
48' N; longitude s 75° 39°' E)tin Shimgga district. During the
Qentrs's existance there.till September 1975, baseline information ¢ -
on swamp ecology and the biology and fisheries of air breathing
fishes assigned to the Centre, viz., C. marulius, C. striatus and
C. punctatus and on aspects such as their induced breeding,
incubation of eggs, rearing of larvae, nursery management and
growout in ponds gnd swamps was collected. Since the field being

practically virgin, such information was not available hitherto.



























Channa marulius (Hamilton, 1822)

Channa striatus (Bloch, 1793)

Channa punctatus (Bloch, 1793)
Channa orientalis (Bl. and Sehn., 1801)

Channa stewartii (Playfair, 1867)

Channa micropeltes (Kuhl. and Val., 1831)

Channa barca (Hamilton, 1822)

12 Age and growth of murrels

Age and growth of C. marulius, L. striatus

and C. punctatus were studied from length frequency data, grﬁwth
checks on scales and opercular hgnesJand_by fitting of von
Bertalanffy;é %heoreticéllgréwth hodel ta the age data derived

by the study of growth checks on scales. Length frequency

data of the three species of murrels were analysed by probability
paper plot method for dissecting out the length frequency
distribution and to delineate the various age groups (Tables

8, 9 and 10).

The length weight relationship of the three

murrels derived are given in Table 11.

The relative condition factor (Kn) of the
three murrels thm ugh months was found to be related to maturity

cycle and feeding intensity.

14,3 Maturity cvcle of murrels

The maturity cycle of murrels was investi-
gated by examining the stages of maturity of gonads through
months, computétiaﬁ of gonddb-somatic index and by studying
the progression in the x size of the ova throgh months towards
maturity and their final depletion. All the three species

were found to be fractionzl spawners. Their breeding season
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extends from March to October/ November, the peak being June to
July in Karnataka. The charecters by which their sexes can be
idéntified have been given in Table 12. The ratio between males
and females, in C. marulius, C. punctatus and C. striatus was
found to be és in Table 13.: Their age and size at first maturity
are given in Table 14. The data on fecundity of the three species

are subscribed in Table 15.

Jedied Food and feeding habits of murrels
#

The feeding intensity of murrels through
different size ranges and months and diet constituents were studied.
'ThE‘fiy (4 to 30 mm) wére found to subsist mainly on zooplankton
while fingerlings of C. mazulius (31 to 150 mm), C. striatus (31
to 120 mm) and C. punctatus (31 to 100 mm) fed mainly on aquatic
insects,'small fishes and shrimps. Still larger specimens of
all the three species fed on trésh fishes, insects and shrimps.

The food of C. striatus and £. marulius over 300 mm in size

consisted of insects, crabs, tresh fishes, tadpoles and frogs.

1.5 BIOLOGY OF MAGUR AND SINGHI

Some aspects of biology of C. batrachus and
fcssilia were also investigated. The studies revealed that
. batrachus matures in South Kanara district during April to May,
in Shimoga district during May to July and in Bangaloie district
durihg June to August. The sex ratio of the two spécies in these

regions was found to be as follows

District ol . C.’batrachus & H. fossilis
males : females_ males : females
Bangalore 1 O [ HE 1 1528
Shimaga 1 g 124 1 S e
South Kanara ©~ 1 1 1.39 L R T






1.6.1.1  Doses administered

A& initial dose varying from 2
to 20 mg kg_1 weight of fish was adhinistered to the females and
.nil to 20 mg I<z_;|“'1 to fﬁe-males. Four to six h afterwards, a
higher dose varying from 5 to 380 mg kg-1 was given to the females

and 5 to 250 mg, to the males.

16012 Response

Unlike in carps, where the
spawning eccurs 4 to 6 h after second inja;tien, in murrels tHE'
breeding occurred 10-30 to 22-00 h after,‘at a temperature range
of 23 to 33° Celsius, although thc doses administered were 2 to 34

times more than that givenm to Eafpsﬁ

_ The expexriments indicated
that a dose range of 45 to 60 mg kga1 females in C. striatus
and C. marulius and 15 to 40 mg in C. prientalis and C. punctatus

is adequate for successful spawning.
16143 Spawning behaviour

. The female was found to pair with a
s@myle male 1 to 4 h after the second injection. Spawning was
preceded by actiue;'Exéitedrmuvement-of the paired breeders.
'Spawning movement commenced about 8 to 10 h after the second
injection. The male was found to hit the female near the vent
region frequently and at times nibble its snout. This activity
continyed till spawning was completed, which took about 15 to 45

minutes.
1261 .4 Artificial fecundation

In instances where no spawning

occurred within 21 to 24 h of second injection,. the breeders
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1Y SUPPLEMENTAL FEEDING OF MAGUR AND SINGHI
Experiments were initiated for evolving suitable
formulated supplemental feeds for air breathing catfishes, using

readily available ingredients.

H sl . Formulation of fceds

_ "Six different feeds were formulated for
maguxr aﬁd:éinéhi}'using components such as ricebran (RB), groundnut
cake (GQ),'fishhéal(?M), drid animal blch'(AB);:driad cowmanure
(CW) and cqﬁﬁércial agrofeed (AF)...TheTpdmgbundéd feeds were
made intn.ﬁatei'stéble pellets using white flour as bindérl(éi%)
with the help of a hand mincer, sun dried and stored air tight
in plastic bags. The ingredients of the feeds and their ratios

are givem below : T

_-Eggg_iigg - Ingredients ' Ratio
F1 _ A 23 it
" F2 : _ RB and AB 33
F3 RB and FM ‘3 ¢4
- F4- CM, RB and FM S e
F5 CM, RB and FM s SN IR
F6 AF :

' The proximate composition of ‘the different

““feeds’'is given ip Table 2C.

CdeiBe 2 Screeniﬁq of feeds

A preliminary experiment was ‘conducted to
evaluate the feeds using fingerlings of singhi as test fishes in
specially dasigned basket cages (area : 0.3 m2} in Sankey tank,
Bangalore. The stocking density was 15 fish cage_1. The experiment
was run for a period of 111 days. The different feed pellets were

given daily, at the rate of § % weight of the stock. The x growth






Among fishes, Oxygaster spp., Puntius spp., Mystus
spp., Mystus tengara, Ompok bimaculatus, Ambascis =pp. o

N. notopterus in addition to murrels, were observed to predate

on murrel fry.
1.4 CANNIBALISM AND MANAGEMENT MEASURES

Cannibalism was found to be very pronounced in
murrels, magur and singhi, especially in the fry and fingerling
stages, the larger and stronger ones preying upocn the weaker and
smaller ones. In the normal course, if the fry are released in
a nursery without adopting any management measure, only a few
survi¥e and attain fingerling size because of cannibalism. Due
to this, the fry rearing phase in these fishes, unlike in carps,

is complex.

By‘rearing uniform sized fry/ fingerlings in
plastic pools with adequate feed, 100 % survival of fry was
achieved. It was also observed that by previding feed in
abundance, ‘the cannibalistic tendency in fry and fingerlings can

be minimised.

1.12  SEED TRANSPORT

T2l Seed transport under oxygen packing

Experiments were conducted holding spawn
and fry of £, striatus in various densities and for different
time durations in 8 1 water and a caiumn of oxygen is air: tight
polythene bags kept inside tin containers, with the objective of
studying the physico-chemical changes taking place in the water
medium and standardising the transportation techniques of murrel

seed.

In experiments on transport of eggs, only

fertilized eggs were used. The density of packing (number of
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(control) whereas fertilization with cow manure and lime was
done in the rest. The layout of the experiment is given in

Table 35.

Manuring helped in produﬁtion
of food organisms to trash fishes which multiplied rapidly and
formed sustained forage for murrels. The ponds were harvested
after 6 to 12 months. The computed production ha-1 yr-1
128.7 and 143.6 kg in the control ponds and 713.1 to 594.8 ké

was

in the ponds where manuring and octher management measures were

undertaken (Table 36).

-

1.14.1.2 Culture of £. marulius in
swampy pond

In another experiment a swampy
pond {(area: 0.0285 ha) was stocked with trash fishes at the
rate of 20,000 ha-1 (c weight : 46 kg ha“1), two months prior to
releasing of mufrels, so that they could multiply and form
sustained forage for murrels. Fingerlings of C. marulius (61

to 67 mm long) were stocked in the pond 2t the rate of 10,000

ha-1, Manuring was dispensed with and the stock fed with dried =
trash fish at 3 to 5 % body weight. The experiment was concluded

after 9 months of obéervafinn. By then the fish had attained

a X weight of 290 g. With 83.5 % of recovery, the total weight

of fish harvested from the pond was 68.4 kg. The ¢ production

worked out to 2,401.5 kg ha-1.9 mnnths_1

1.14.1.3  Cylture of C. matulius in
earthen pond

An earthen pond (area: 0.06 ha)
at the State Fish Farm, Hessaraghatta, Bangalore was stocked with
900 fingerlings of C. marulius in the size-range 91 to 165 mm
(x size: 119.5 mm/ 3.25 g).: The stock was fed with tadpoles and.

trash fishes collected from nearby-pdndé. Fo'r some time they















period of 250 days is reported in Table 44. The c gross and net
i | "1

production obtained were respectively 5,050 and 4,840 kg ha

in 250 days.

1 s 253 Culture in cages.

An expefiment on. the
culture af magur was undertaken in 3 cages made of knotless
nylon webbing of mesh size 12 mm (area: 2 % each) stocking
with 200 fingerlings (x initial size: 111 mm/ 7.4 g) at the
réte’bf 1 million ha“1 in sach cage. The fish were fed with
a mixture of rice bran, dry fish (cooked) and groundnufméaie
in the ratio . 4:2:1. The experiment was run for a period of
3 months. Growth, survival of the stock and production were

as in Table 45.

I s Culture of singhi

An earthen pond belonging to an
agriculturist of Jalahalli Qillage, Bang2lore was. stocked
with 2,250 fingerlings (B0 to 102 mm in length and 6.3 g in
X weight) of singhi 4t a density of 0.15 million Ba L dusang
1980. The fish were fed with a mixture of rice bran and ground-
- nut cake (2:1 ratio). They attained a size ranging from 152 to
185 mm with a X weight of 28.5 g in 4 months. A total of 594
stock (26.4 %) weighing 16.9 kg (1,126 kg ha) was harvested
from th@ pond. All the fish could not be retrﬁ?ed_as the pond
wasldEép in the middle and was heavily silted and it could not

be drained.

A newly built side revetted soil bottom
pond (area : 30 mz) off another agriculturist at Doddagubby,
Bangalore was stocked Wit 1,800 fingerlings of singhi (initial
% weight: 1B8.3 g) at the rate of 0.6 million ha™ '« The Pish

were initially fed with a mixture of rice bran, groundnut cake,

T







































The cage can be floated in the water
using 3 sealed drums or polythene jerry cans of suitable size
(bucyancy : 25 kg each) tied to the float rings on alternate

vertical rods in order to keep the cage floating.

The system will be free floating and can
be positioned in open water by anchoring. A number of such
cages can be left floating in the water body in which cage
culture of fishes is undertaken. The free floating installations
can only be reached by a boat and thus have protection from

trescpassers.

For sampling the sfock, the cage can be
brought to a jetty made with bamboo, after detaching from the
anchor. The cage can be lifted out‘of watér manually and the
fish stock emptied into a hapa or plastic pool for sampling.
Once the sampling is over, the cage is taken out and the next

one brought in.

The advantages of the cage are :

i) wave action is minimum, the cage
being circular in shape
ii) can be moved with least resistance

from place to place

iii) being circular, rearing space
availeble is maximum for the material
used

iv) aeration/ water circulation in the
cage is better and

v) fishes can move about in the cage
with least obstruction unlike in
rectangular cages.

1.18.5 A simple gadget for scaling fishes

Scaling of fishes, prior to preparing
for table, is both time consuming and cumbersome. When the

fish to be scaled are too small or too large, considerable
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in both households and fish retail shops.

1.49 FISHERIES EXTENSION AND TRAINING

11974 Fisheries extension
2 S £ 55 B *Lab to land! programme
of ICAR

The inauguration of the 'lab
toﬂand' programme was conducted on November 21, 1975. The
SBcretarijGCial Welfare and Labour Department, Government of
Karnataka presided over the function. The Hon'ble Minister of
State for fisheries, Government of Karnataka, inaugurated the
programme and released a brochure on "lab to land prcnig'I‘a'rnra'*s'c'{1

"6f air breathing fish culture, apebially_prapared for the occasion.

An agriculturist who had a
shallow derelict pond of 0.15 ha was adopted under theh‘léb-to—
land' programme of the ICAR during 1979 its Golden Jubilee year
for demanstrating the aquaculture tﬁchnolagy of air breathiﬁg

fishes developed by the Project.

. The pond was stocked with
C. sfriatus, H. fossilis and C. batrachus at 42,000 fry ha-1.
A net production of 120 kg fish was obtained after 12 months,
which gave the farmer a revenue of Rs.1,200., The layout of the

experiment and harvesting particulars are presented in Table 52.

The farmer initiated the
second experiment in the same pond on 1.10.1982 under the
~guidance of the Centre and the details of stocking, growth and

:prnductiun of fish during 20 months are given in Table 53.
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155 e 2 Supply of seed

A 7,000 fry of C. striagtus
were supplied to the Department e finger-
lings of C. marulius to the Department of Fisheries. in Karnataka
for stocking purpose; 110 fingerlings of C. marulius were
supplied to a private fish culturist in Goa. A consignment of
200 fingerlings each of giant murrel and striped murrel was sent

to Palair Fish. Farm in Andhra Pradesh. _ .

.2 Fisheries training

Training in air breathing fish culture
was imparted to officials of the Karnataka Fisheries Department
and interested fish farmers. The activities of the Centre were
explained to the trainees from the CeniralFisheries Extension

Fisheries
Training Centre, Central Institute oﬁéEducatian (CIFE), Hyderabad
and the Central Inland Fisheries Training Centre, CIFE, Barrack-

pore. Field visits were also arranged for them,

Mr Abdul Rahman, Assistant Chief,
Planning Eell; LJouernment of Bangladesh, FAD was appraised of
the state of art of the culture of murrels, magur and singhi in
India and provided with the Institute's handouts on air breathing

fish culture. Field visits were also arranged.
1.20 SIGNIFICANT ACHIEVEMENTS

The significant achievements of the Centre towards
fulfilling the objectives of the Project are listed below :

12041 Limnology and fisheries of tanks

1) Collected baseline information on
freshwater resources and status of
air breathing fishes in Karnataka.
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3 .22¢2 Implements developed

i)  An inexpensive coracle for fishing in

Peninsular India.

ii) Length meaéuring board for air breaEhing
fis hes,
$id) Basket cage for air breathing.fishes
iv) Circular cage for air breathing fish culture
v) A gadget for”éﬁaliﬁg of fishes.

1.28 . FUTURE LINE:OF WORK

; Z The Project Centre had to work dnder severe constraints
with regard to the availability of field facilitieé-by way of
cisterns, nurseries, ponds and derelict water bodies. ”Coﬁsequently,
only a limited numbér of experiments on induced breeding of air
breathiné.¥ishes, nursery management and growth cohié be undertaken.
Neverthless, the data gathered haue'bgen_extremelylualuable,
especially when there has been very liftle information available

on these aspects.

India has made considerable headway in carp culture
in recent years. However, it should be mentioned that we already had
considerable empirical knowledge on the subject and during the
forty years or so, large number of ponds and other facilities and
manpower have been made available by the Central and State
Geovernments for ressarch on carp culture, whereas for a crash
programme for developing the tséhnolmgy of the aquaculture of
air breathing fichs, about which practically nothing was known,
the facilities nvailable to the Centre were extremely meagre.
In spite of the limitations, significant achievements could

be made in such a short period.
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and sirghi accept most of the conlent il supplemental fish
feeds. There is, however, need éa formulate efficient 'complete
feeds' for these fishes in the lines of the Americah catfish
feeds, based on their specific needsj. Floating, soft,-pelleted

feeds may be ideal for these two fishes.

iv)  Retrieval of murrels and the two air breathing
catfishes is a problem as they have a tendency to avoid getting
caught in drag nets and gill nets. Murrels are generally taken
in long lines using live fish, frogs, etc. as bait, wherees
magur and singhi are mostly caught either by draining watexr
bodies or by scooping.in the water margins. It is rather
difficult to catch those fishes from large water bodies with
conventional gears. Specialised gears such as traps, etc.

need to be developed for their effective exploitation.

AN KRN
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2 BIHAR CENTRE

2.1 INTRODUCTION "

The Bihar Centrc locatdd at Lahariasarai (Darbhanga)
commenced functioning in June 1971 together with the Eﬁﬁgdinating
(Project Coordinator's) Centre. The latter was shifted to
Barrackpore in 1974 for administrative reasons. For availing
better facilities and for coordination with the State Fisheries
Department, the Lahariasarai Centre was shifted to Patna in July
1977 and was accomodated in one of the Laboratories of the
Bihar State Fisheries Research Station. One pond of 0.03 ha
size was kept at the disposal of the Centre for maintaining the
stock of experimenta’ fishes. ~Investigations mainly on three air
breathing fishes nameiy, singhi (H. fossilis), magur (C. batrachus)
and kawai (A. testudineus) were carried out éf this Centzre.

Ecological conditions of swamps 'were also studied.
2.2°  ECOLOGICAL STUDIES OF SWAMPS

A detailed study of Balabhadrapur, Bahadurpur and
Janomano swamps at Darbhanga Qas undertaken. Seasonal and_die;
fluctuations in physicomcﬁemiCHl Factﬁis, primary and plankton
production of water and nutrient status of bottom soil of the

three swamps are given in Taﬁlcs 54, '8, o565 67,58 and 5%
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=5.6460 + 3.1646 log L; r2 = 09408 (Fig.T)
-50817 + 2.9418 log L; r2 = O.25E2
A2 AT ks 2an 2 o beg ik r2 = @ 8202

Juveniles : Log W

female ; : Log W
Males : Log W

2.3.1.2  Sexual dimorphism

During the brcéding season mature femaleﬁ
have rounded =zbdomen, extending posteriorly past the pelvics to the
urinogenital papilla. The males are ralatiualy-;Ean. The genital
papilla in both sexes is conspicuous even cduring non-breeding
secason. In the mature female the cleftited papilla is suffused
with blood and in male the pointed papilla is praminent and

rcddiSh in colour.

Zedwd 3 Fecundity

et F The fecundity of singhi varied from
¥4,733 to 36,706 in the size range 222 mm/ 67 g to 265 mm/ 112 g
(Table 60).

2.d.15.4 Spawning behaviousx

The spawningféctiﬁity in the species
was found to be prolonged with intermittént mating, releasing a
small number of eggs at.each mating.
‘f' Za3 55 Embryonié'and larval development

il

3 Eggs of singhi are brownish. They

become translucent as the development procesds. They measure

as follows :

Range (mm) x_(mm)

=Diémﬁter of the egg
1.4 to 158 1.308

Diameter of the yolk
sphere 4 .2 to. 1.4 .29









Zi a2 Fecundity

The fecundity varied from
1,000 to over 20,000 in magur measuringi50 to 350 mm in _length
and increased at a rate slightly Higher than the cube of length.
The calculated values of body waight{ ovary weight and fecundity

are presented in Table 64,

2.3:2.5 Maturity and spawning

_ ] y Maturity and spawning of i
C. batrachus were studied by examining the stage of maturify'df
gonads, gonadsomatic index and ova diameter maasurements.(Figs.
11, 12-& 13). The species has a short and distinct spawning
period during July and August. Single ﬁéak of mature ova in
ovaries indicate that the fish spawns only once during the
breeding season. The fish attains haturity in a year.

2.3.2.6" . Spawning behaviour

. _ The spawning in the species is
completed in about 6 to 8 h. Intermittent mating acts take place

and a small number of eggs are released at &ach méting.

243a2sT Embryonic and larval development
The embryonic and larval deve=-
-lopment of magur were studied from fertilized eggs of the fish

obtaingd by induced breeding.

_ Fertilized eggs are demersal,
spherical and highly adhesive, measuring 1.7 to 1.9 mm in diameter.
Yolk is pale or greenish yellow in colour. The incubation period
varied from 21 to 24 h at 25 to 29° Celsius. Hatchlings have a
pigmentless, laterally compressed body, measuring 4.6 mm in length,

bearing a large ovoid yolk-sac (2.1 x 1.6 mm). Yolk is absorbed



s 80 :

on 3%h day. The larvae commence feeding on minute plankton even
before the completion of yolk abscrption. Comparczd to the
corresponding stages of singhi, the larvae and postlarvae of magur
grow fast, are swift in movement and axre active enough to ward

off attack by Cvclops. Aerial respiration commcnces on 10th or
11th day. The adult characters are attained by the 20th day.

2adng Biology of kawai 3
253431 Length-weight relationship and

relative condition

The length-weight relaticnship
of A.testudineus was computed based on the data of 75 juueniles
and 169 adults (Fig.14). The regression equations were found to
be :

Juveniles : Log W = =6.0211 + 3.7107 log L (r2=0.0701)
Males s log N e <5229 % 3.2070 log. L Hrc0,875%)
Females : Log W = =5.1715 + 3.1899 log L (r®=0.9750)

As the values of expeximent in
males and females were not significantly different, a2 common

length-weight egquation was computed as follows @

Log W = =5.2039 %°3.2053 log L (x =0.9779)

The 'Peaks' and 'valleys!' in
the relative codition curve (Fig.15) may be attributable to

repeated development of gonads and spawning.
Py G s Sexunl dimozphism

A. testudineus is sexually
dimorphic only during the breeding season when the males acquire
a reddish hue on the body, particularly on the pectoral and

ventral fins. The females exhibit such colouration only an the
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finé. The black spdt on the caudal peduncle in males is diamond
shaped; with sharp boundafy, whereas in females it is oblofig and

somewhat diffused.

2.3.3.3 Spawning behaviour

Observations on the spawning
behaviour of hypophysed kawai were made. Different sets of spawners
took 6 to 28 h after the injection for commencemtNt of spawning,
releasing the eggs in batches of 20 to 30. The interval between
.Successive spawning acts ranged from 2 to 10 minutes and there

were 20 to 30 spawning, spread over 3 to 4 h.
24 INDUCED BREEDING

Experiments were carried out to produce seed of

hypophysation. The fishes were injected with varying doses of
pituitary glands, in one instalment in aquaria, plastic pools,

breeding pits, paddy fields and shallow ponds.

2ol Spawning of magur

Zud ol With fish pituitary glands

X In the year 1903, 3 sets were
injeeted with homoplastic glands @ 40 to 60 mg kg-1 body weight of
the fish and released in plastic pools. Thére was no positive
response. Later the breeders were transferred to breeding pits
where~from 20 fingerlings of x size 10 g (98 td_11D mm) were
recovered later. y

During the period 1973 to 1984,
244 sets of magur were hypophysed with carp pituitary glands, Dose

of pithitaxy hormone administered ranged from 10 to 200 mg kg"1









2D COLLECTION OF SEED FROM NATURAL SOURCES
2.5.1 Seed survey

Surveys were carried out for ascerteining
and
species-wise seed abundance in relation to-timﬁé space during the
period 1981 to 1984 in villages and town hats of many.districts

of Bihar State. Details of landings is given in Table 68.

The surveys revealed that among airlbreéthing
fishes, magur is more common in South Bihar (Chotanagpur divisian).
The districts of Darbhanga and Madhubani and Kosi division of
North Bihar have abundant occurrence of singhi. After winter as
the water level start regeding in the!low=lying areas, the fish is
caught in huge quantities. Singhi seed is available in Western
and Eastern North Bihar from October to December and from March
to June, depending on the monscon. Magur seed, in bulk is avgilable
in Singhbhum and Ranrhi districts of Chotanagpur division, between
October and Novghber. Magur is more abundant in Chotamagpur
Division. and singhi in North Bihar. Thers seems to be scope for

organising magur seed trade in Chhotapagpur division.

2 o0 Seed collection

_ Terraced paddy fields of Chhotanagpur are
ideal for natural seed collection of magur. Marshy lands, ’
swamps and low-lying paddy fields'in the districts of Darbhanga
and Madhubani and Kashi divisian of North Bihar have abundant
occurrence of zinghi. Seed collection is done aftexr monsoong,
when water trevels recede, employing 'chhoh', 'apiyani' or 'kumn'
fishing (trapping the migrating fishes moving against the

artificially created current of water).
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Harvesting of the ponds was done in June
1983 by dewatering. The X weight of harvested fish, survival
and gross production obtained fram the_three_pands were 16.48,
22,17 and 18.11 g, 62.48, 10.48 and 82.50 % and 308.9 kg ha"1
101 days™', 574.91 kg ha-1 123 days=! and 529.65 kg ha=1 100
days“1 respectively. Cost of productian kg‘1 fish worked out to

Rs.20.68, 11.88 and B.65 respectively.
y The high production cost of fish was mainly
due to low yield and high cost of inputs. Low production may be

‘due to pooxr retrieval and the short duration of culture.

2.T7.4 Enemies of fry, cannibalism

The hatched iarvae (£2 mm in size), being
sluggish and buoyant, are prone to predation by fishes and aquatie
insects. Cyclops prey on it, clutching on its scaleless, soft
body wall. Through laboratory trials the density at which Cyclops
is harmful tc kawai spawn and the size at which the fish can ward

off Cyclops were determined.

Survival of spawn and fry of kawsi under
different densities of Cyclops in glasé aquaria-.are given in

2.8 SEED TRANSPORTATION

Consignments of seed of air breathing fishes were
transported to distant places, the details of which are presented

in Table 73,

2.9 CULTURE EXPERIMENTS
i %

2951 Air Erenthinq fishes and makhana culture

In 1976-T7T7, mixed culture of air breathing

fishes along with E. ferox was carried out in an abandoned carp
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demonstrated to the fish farmers attending the mela.

2.12,2 Fisheries training

1
Lecturea were delivered in the ﬂraining
School on culture of air breathing fishes with practical demon-
strations in 1978 for the trainees. A lecture on paddy cum fish
" culture was given to the farmers in the Kisan mela organised in

1981 by the Rajendra Agriculture University, Patna. During 1901-
1982, training on breeding and culture of air breathing fishes
were given to seversl batches of fish farmers under training

programme organised by Fish Farmer's Development Agency, Patna.
2.13 SIGNIFICANT ACHIEVEMENTS

The significant achievements of the Centre are listed below

i) Length-weight relationship, relative conditiocn,
food and feeding habits, sexual dimorphism, maturity, spawning
fecundity and embryonic and larvel development, of magur; singhi

and kawai, were studied.

ii) Several sets of magur, s;nghl and. kawai were

bred by hypophysat;on. Magur was bred in a p?ddy plot of Birsa
Agrlculture University, Ranchi (without hypophyaatlan} Rearing

~of the resultant hatchlings up to flngerllng stage was dome in
the same plot.

iii) Surveys revealed that Chotanagpur division in

South Blhar is endowed with magur seed while singhi and kawai

seed are abundant in North Bihar.

iv) Culture of magur, singhi and kawai in a makhana
R e T

pond at Darbhanga gave good production of makhana in 10 months.



(with modernate supplemental feeding). Likewise, good yields of

magur, singhi and kawai were obtained in farmers ponds.

v) Transfer of technalogy to fish farmers was done
by imparting training on’ culture and breeding of air breathing
fishes, culture demonstrations in farmer's ponds, extension
fortnight celebrations, publication and distribution of handouts
in Hindi and English, radio talks and screening of films under

lab to land programme .
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2.16.3 Ph.D. Thesis :

1978.
i) Thakur, N.Kt)é}nvestigat‘ons on the

- bionlogy of air breathing catfish, Clarias batrachus (Linnaeus,

1758). Ph.D. thesis. University of Bihar, Muzzaffarpur.
IR S FUTURE LINE OF WORK

i) Suecess in air breathing fish culture depends
on seed availability and in order to produce seed on a- large scale,

. the breeding techniques needs to be improvised.

ii) High yields in air breathing fish culture
depends on availability of suitable cheap supplemental feeds.
Considerable research work will have to be done far formulating

supplemental feeds.

iii) Techniques for efficient harvesting of air
breathing fishes from derelict water bodies and ponds needs: to be

developed.

iv) Further studies on cage culture of air breathing
fishes in derelict ponds will have to be canduc?edﬁfmr standardising
the technology. Possibilities of pen culture of these fishes alsc

have to be studied foxr utilisétion of derelict water bodies.

XXX == X XX

ink
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3 ASSAM CENTRE

d.1 INFRODUCT ION

The Centre established in June 1971; shared Office
accomodation with other three Research Centras.of the CIFRI in
a building hired by the State Fisheries Department in Guwahati
c.ity. Five nurseries each of 0.02 hgwere made available to the
Centre at Ulubari Fish Farm, besides one derelict pond of 0.1 hg

at Hajo Fish Farm, for production demonstrations.

Topography of the land being plain and low-lying
and due to relatively heavy rainfall in the region, many water-
logged areas called beels are found in Assam. . Most of the beels
covered with thieck aquatic yeéetatiﬁn are virtually swampy in
nature and a Project Centre G@ﬁ ln#nted in_fﬁe State to develop
technolegy for exploitation of sucH water bodies for production
of air breathing fishes which are in great demand in the State.
The work programme of the Eentre.inciudsd the breeding, seed
collection and rearing and ércwout experihents dﬁ kawai, A.
testudineus, singhi, H. fossilis and magur, C. batrachus in

ponds and cages. Ecology of swamps was also studied.
3,2 ECOLOGICAL STUDIES OF SWAMPS

A preliminary survey of swamps in the distzicts of
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3,3 BIOLOGICAL STUDIES

e o Egngjh—weiqﬁt.rq;ationshih of C. batrachus

178 specimens of magur (length range :
150 mm to 358 mm) were studied for computing the length-weight
relationship of the species which was estimated as :

Log W = «4,8709 - 2.9105 log L

The relative cpdition factor of magur ranged

from 0594 tD 1.1D.

3.3,2 Length=weight relationship of H. fossilis

The length=weight relatimhship of singhi

" based on 142 specimens was :

Log W= =1.5809 + 2.4676 log L (Fig. 16).

3 .34 Length-weight relationship of A. testudineus

The length weight relationship of kawai based
on 79 spedimens was found to be log W = -0,8112 + 2,0347 log L
(Figs “97)s ' j

3.3.4 Food and feeding habits of air breathing fishes

The gut contents of 79 A. testudineus and
02 H. fossilis obtained from different beels and inundated areas

of Kamrup district were studied.

. In juvenilejkawai(size : 22 to 75 mm), the

bulk of the stomaech contents was formed by ciladocerans (volumetrie
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106 mm/ 4.6 g) was collected from the beels of Kamrup district

during the year 1979, mainly from Rangia and Nalbari blocks.

1,000 magur (x length : 52.5 mm), 10,750 singhi (%
length : 172.8 mm) and 1,250 Jawai (X length : 47.6 mm) were
collected during 1981 and 1982 using various types of traps and

drag nets.

3.5 INDUCED BREEDINE EXPERIMENTS

- Experiments on the hypophysation of H. fossilis,
L. batrachus ana A. testudincus were conducted (Table 83). Between
1972 and 1974 more than 200 sets of A. testudineus were hypophysed.
Successful results could be achieved even when synthetic hormones
like FSH and LH were used. During the same period 52 sets of
H. fossilis and 7 scts of C. batrachus were.injected wi th pituitary

hormones. Positive results could be obtained in 30 % tases of

the former and in a solitaiy;casc of the latter species.
3.6  LIFE HISTORY STUDIES
Life history of singhi and magur were studied.

361 Embryvonic development of H. fossilis

The sequence of embryonic development of
singhi was found fqba as follows, at aiwater teﬁbarature of 27

to 29° Celsius @

“After

fertili-
zation
(h) Stages of development
00-30 Differentiation of blastodise whieh is

brick red in colour



00-42
00-50

Gt-12"

01-30

01—53

02-40
03-03
04-46
05-42

0Gwd5

09-15
10-00

10-30
11230
13-15

- 43-55
14-20
15-00
15=37
16-10

16-30
17-00
.17-35
20-45
24-40

3.6.2

e B B

2 celled stage
4 celled stage
8 celled stage
16 celled stage
32 celled stage

Formation of morula

Commencement of gastrulation

Gastrulation camplete

Differentiation of head’ and tail region

Head and tail cnds differentiated

Yolk plug stage

Appearance of myotomes

0 myotomes, appearance of optic vesicles

Twelve myotomes; distinct'cpti: cup

16 myotcmes; appearance cf embryocnie

caudal fin fold

22 myotomes; appearance of Kaupffer's

veliicle and heart

Slight movement of the embryo

24 myotomes; Kaupffer's velicle diminishes
in size; lens of the eye forming; embryo
makes frequent movements

Embryo elongetes and occupies the pervite-

lline space

20 myotomes; twitching movement of the

embryo more frequent

32 myotomes; heart beat, 60 minute”

1

Embryo fills the perivitelline space

Vent formed

40 myotomes; optic lens conspicuous

The larva hatches out with tail coming

out first.

Larval and post-larval development of
H.

fossilis

Dne day old larva

.
.

Pigmentation eommenced
eye; pectoral buds
have appeared.

VS



3.6.3

magur was found to be as

27 to 29° Celsius @

After ferti-

lization ( )

00-30
00-45
01-00
01-14
0150
02-13
03-45
05-10

17-35

11-05
14-30

15-15

17-10
17-40
20-45
2145

22-10

111

Two days' old larvae

Three days' old larvae

Four days' old. larvae

Twelve days' old larvae

Bugcal invaginatiaon
noticeable

Mouth formed; two pairs
of barbels prominent;
pectoral fins formed;
larva swims

yery little yolk
present; larva swims
actively

The full component of
fins formed

Embryonic development of C. batrachus

The sequence of embryonic development of

follswﬁjatia water temperature range of

§tégeé'mf development

leferentatlon of animal pole

2 cellad stare
4 celled'stage
8 celled stage
16 celled
32 eelled

stage
stage
Formation
Formation

Formation

of morula

&

of gastrﬁla

of embrycnic rudiment -

Differentiation of head and tail regions

Formation of optic cup, 8 somite stage

14 myotomes formed

"~ 20 mytomes formed

Appearance of Kaupffers' vesicle

Twitching movement of the embryo starts

Optic cup conspicuous; Kaupffer's
vesidle~di31ppearing; caudal end free

Appearanca of heart; heart beat,

40 mlnute -1
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26-45 Embryc fills the perivitelline space

27-30 Vent formed; heart beat 79 minute=1
26-30 Frequent movement of the embryo
30-00" Larva hatches cut

5 S Incubation of eggs

At 27 to 29° Celsius, the incubation period
was found to be 21 and 23 h in A. testudineus and H. fossilis

respectively.

=il REARING OF SPAWN AND FRY

Bl al Rearing of spawn and fry of singhi and kawai

Experiments were conducted on the rearing of
spawn and fry of both A. tcstudineus and H. fossilis in monofilament
hapas (size : 180 x 93 cm; 50 mesh em™ ). The hapas having 20 to 30
cm of water column and 1,000 spawn gave satisfactory results.

50,000 fry of kawai were reared to X size of 25 mm and handed over

to State Fisheries Department.

Experiments on evclving supplemenfal feeds for
the post-larvae of kawai and singhi were conducted. Both species
accepted cooked poultry egg. 2 days old spawn of kawai preferred
both cooked egg and unicellular zooplankton and the survival
was 47 and 64 % respectively for a rearing period of 10 days.
Singhi preferred copepods .and cladccerans to cooked egg reflected
by the percentage of survival (100.0 and 67.9) during 15 days

rearing period.

3% Oxygen requirement of fry of A. testudineus

Preliminary experiments were conducted as the

oxygen requirement of kawai are presented in the Table 84. The



values of correlation (r) for 2, 4 and 6 days' old larvac were
0.97, 0.77 and 0.95 respectively. To determine whcether these
values are significant or not, 't' test was performed. The
calculated values'of 't' (9.90 and 7. 51) cle=rly showed that the
correlation coefficient r (0.93 and 0.95) is significant at 1 %
probability level whereas the cadculded value of 't' (2.95) showed
that correlation coefficient r (D.??J_is significént only at 5 %

probability level.

3.5.% Supplemental feeding

Experimental reariﬁg of spawn of both singhi
and kawai was done using dried préﬁn and silkworm pupae, wheatflour,
fishmeal, mustard cake, ricébian'anﬁ soyabean powder, alone and
in combinations as supplemental feed, Cooked pdulfry égg was
also used,” The albumen and yclk were emulsified separately in
water ‘and used., Best results werc obtained whcn both egg albumen
and yolk was emulsified and cooked till the water evapurated

(Tables 05 and 86).

38 . CULTURE EXPERIMENTS .
= oo | Monoculture

) Seven experiments on the monoculturc of singhi
and magur were conducted. Gross production ranging from 3060 kg
ha=! 8 months™ to 6,946.6 kg ha~! 5 months™! was obtained

(Table 87).

B2 Mixed culture

In all, 5 experiments on the mixed culture
of different species of air breathing fishes were conducted
with gross production ranging from 02 kg'ha_1 9 months™! to
3,696 kg Lt yr=1 (Table 83).






Tumours on caded A. testudineus were sometimes recorded

whieh eould be controlled when the stocking density was reduced,
J.t0 FISHERIES EXTENSION AND TRAINING

3.10.1 - Fisheries extension

'Fish Farmers' Day' and 'Lab to Land'
progremme were inaugurated at Ulubari Fish Farm, Guwahati on
02.05.4979 by Hon'ble Fisheries Minister of Assam, Shri Lilamoy
Das. Tha inaugural sgssion was followed by a seminar in which
Scicntists and Farmers partieipated. Discussions were held on
culture of air breathing fishes in beels, ponds and gages.
Selection of bresders and indueed breeding of air-breathing fishes
were demonstrated in the field. Radio talks (A.I.R.,Guwahati) on

air breathing fish culture were alsoc given.

3.10.2 Fisheries training

Short term training programmes were condueted
by the Centre for the benefit of F.F.D.A. trainees, Fish Farmers,
Village Level Gram Sevaka, Village Sarpanchs and trainees of
Assam Fisheries Training College, Sibsagaxr, Lectures on air
breathing fish culture were given to students of North Eastern

Hill Uﬁiuersity, Shilldng and Dibrugarh and Guwahati Univegsitics.
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and P.V. Dehadrai, 1900. Observations on the mixed culture
experiments on air breathing fishes conducted in dereliet and
freshwater ponds in Gauhati (Assam). J. Inland Fish. Soec. India,
$2001) 5 2 =005
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3.1 205L2 Popular articles

i) Kohli, M.P. Singh, R.K. Singh, ‘Y.S. Yadav
and S.C. Pqthak, 1983. Effect of solar eclipse on the ecology
of a freshwater pond at Gauhati (Assam). Bull. Purc and Applied
Sci. 2 (A& B) : 28-33.
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4 ANDHRA PRADESH CENTRE

4.1 INTRODUCT ION

In Andhra Pradesh, particularly in the erstwhile
Hyderabad State, air breathing fishes in general and the murrels
in particular are éodght after for their excellent taste and
keeping quality. With a view to popularise the culture of murrels
and air breathing catfishes in the State, the Centre was started
in February 1976 at PalaizfFish Farm, 26 km from Khammam town by
the Government of Andhra Pradesh with funding by ICAR. The
Centre was transferred to the Andhra Pradesh Agricultural
University in 1978. The broad work programme of the Centre
included the assessment of seed resources in time and space
of murrels (C. marulius and C. striatus), their seed collection

and rearinj and table fish rearing.

Palair Fish Farm has a small building housing the
Office and -laboratory and 4 sfncking (area : 0.1 ha each), O
rearing (area : 0.04 ha each) and 4 nursery ponds (area : 0.02
ha each). : '

4.2 - SURVEY AND COLLECTION OF SEED

Collection of seed of different air breathing fishes



was initiated in 1976. Extensive surveys were undertaken till
1904 in and arcund Palair reservoir and along a 50 km stretch of
river Palair. While seed of magur and singhi were not encountered,

those of murrels was quite common.

The details of the fry and fingerlings of L. striatus

collected during 1977-1580 were as follows :

Years No. of fry No., of fingerlings
(10 to 40 mm) (40 to 80 mm)
1977-1978 406,000 2,000 =
19706-1979 515,000 14,500
1979-1980 12,050 -

While seed of C. striatus were collected during the months
of April to July, those of L. marulius were obtained during May to

" August. However, quantitative studies were nct made.

Seed of C. striatus, C. marulius and L. punctatus were
collected during 1983-1984 also (Table 09). The cecurrence of
seed was grenter during the months of August and September
coinciding with the onset of south-west monscon. The only shoal

of C. marulius collected (d4uring May 1903) comprised of about 4,500 fry.

4.3 BREEDING EXPERIMENTS

A dia Induced breeding

Breeders of L. batrachus, H. fossilis and
Channa spp. wérc;procuied from nearby village tanks and markets.
Pituitary glands of carps were procured from Calcutta. During
“uly 1976, induced breeding of C. batrachgg’and H. fossilis was

attempted without success. In August the same year, another






3 gy e

In another experiment, C. striatus seed were reared
for the first 15 days, feeding with minced fresh trash fish.
During the next 15 days, along with minced fresh fish and dry
trésh fish, ggjig(miilet) flour, wheat flour and green gram husk
(2:1:1:1) and vitamin tablets were given. The survival and

growth were satisfactory.

In 1983-B4, to evaluate the growth and survival of
€. striatus fry reared at moderate and high denaities in cement
cisterns, live tadpoles at 50% bédy weight were fed for one
~month and later minced freshwater trash fish at 20 % of body
weight was given, (Table 91) experibent 1 batches A and B). The
results indicated that growth of the stock is higher at lower
density and survival is independent of dengity when food is

abundant.

_ In another experiment conducted to compare the growth of
C. striatus fry fed with two different feeds, viz., minced fresh trash
fish and a mixture of fishmeal, wheat flour, bajrs flour and red gram
husk (ratio: 3:1:1:1), were served at 10 % body weight Table 3;
(Experiment 2, batches A and B). 0QOver a period of 110 days, in the
batch fed with minced fish there was a net X weight gain of 4,0 g
with a survival of 85.4 %, while in tHe batch fed with the mixture,
the net weight gain was 1.38 g with a survival of 27.4 %.

" 4.5  CULTURE EXPERIMENTS

4,5,.1 Culture in ponds

During 1980, C. striatus was cultured in
two farm ponds (area : 0.1 ha each) with dry trash fish as feed.

The duration of the experiments was T months (Table 92).






Yet ancther culture experiment was conducted
to test the acceptability and growth cof L. striatus when fed on
different feed mixtures of animal and plant origin. The feeds were
1) minced fresh trash fish, ii) dry fish (DF), groundnut cake (GC),
ricebran (RB) in 1:1:4 rotio and iii) groundnut cake, ricebran in
1:2 ratio. The experiment was conducted for a periocd of 5 months,

(experiment 3; batches A, B, C). The results are summarised below :

Feed Final average Survival Net vield (g m=2)
weight (g) (%) in 5 months

Minced fish 116.6 05.3 (+) 27.059

DF .+ GC + RB 3.6 20.0 (=) 0.537

GC + RB 18.0 6.6 (=) 1.215

= The date indicate that the conventional fish
feeds (mostly of plant origin used in cerp culture) are not
suitable for murrel and animal srotein is neaded by the fish for

satisfactory growth and survival.

diabe2 Eulture in zeges

Attempts to rear fry of C. striatus and
and monofilament nets, held in farm ponds were failurzes, cwiny to

either total mortality or escape of the fish,
4,6 DISEASES

In one of the culture experiments (Table 94), experi-
ment 3, batch A) a few C. striatus specimens were observed to

have pinkish blotches on the body. I+ was found that they were

sores caused by infection with Lornaea sp. Nearly 50 % of

i

the fish in the pond had the infection.

The pond (area : 200 m?) was dewatered and all the
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fish (256) were retrieved. They were given bath in 250 mg 1?1
formalin keeping in plastic pools for 15 minutes, and released in
to another pond which had been treated with lime (@ 250 kg ha=!).
No mortality resulting from handling and treatment was obsexrved.
Subsequent netting reveale! that the infection had subsided and

that the sores had healed.
4.7 FISHERIES EXTENSION AND TRAINING

A one month training progrzmme was conducted for rural
youth on behalf of Nehru Yuvak Kendra, Khammam, during August to
September; 1982 on ffeshwater fish culture, including produetion

and rearing of murrel seed.

Leaflets on murrel eulture in Telugu and on air
breathing fish culture in English.wsrerraught out.' Publicity
was given about the programme of wo:k'of the Centre through
"Andhra Pradesh", the official publicity bulletin of the

Government of Andhra Pradesh.
4.8 PUBLICATIONS

4.8.1 Research papers

Ravindranath, K.,IK, Gopal Rao éﬁd M.Y. Kamal,
1985, Lerneosis and its control in an air breathing fish culture

‘system. Curr. Sei., 54 (17) : BB5-006.:

4.8.2 Popular articles

Murrel culture (in English and Tglddu}.
(Brochure).

4.&% FUTURE LINE DOF WORK

Recommendations for future line of work are :
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i) A permanent station may be ééfablishcd for
collecting and rearing of natural seed of murrels for the purpose
of distribution to prospective farmers and for stocking swamps and
tanks. The proposed stétian could also take up artificial

propagation of murrels to augment the natural seed supply.

ii) Owing to the ecarnivorous habit and low fecundity
of murrels, maintenance of their breeders and production zand
rea&ing of seed would be ekpensive at the present technology level.
Hence, sced production may have to be subsidised by the Government.
Since murrels breed practically round the year, it would be
possible to make their seed available for late stocking in carp

culture ponds to supplement the income of the farmers.

iii) Owing tc the carnivorous and cannibalistic
habit of murrels, low survival under natural conditions and the
high cost involved in rearing the fry to fingerling size, thayH
may be stocked at low density (1,000-2,000 ha'1) in natural water
bodies with a view mainly tc utilize the trash fish naturally

available and introduced in the water body.

iv) = Since murrels respond well to only trash fish
as feed and survival is directly proporticonal toc the quantum
of food available, their intensive culture could be taken up

in places where there is a glut of fresh and dry trash fish.

SO M4 ¢ 20 4 ¢ 2t
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5  WEST BENGAL CENTRE

541 INTRCDUCTION

West Bengal Centre of the Projcct was started in
November 1975 at Kalyani (Nadia distriet). Five small ponds
ranging frcm D.02 ha to 0.1 ha in area were alloktéd-to the
Project at Kalyani Fish Farm'by the Department of Fisheries
in West Béngml fcr field research. ‘The Centre's work programme
was mainly concerned with culture of magur, C. ggggggggg,“singhi,
H. fossilis and kawai, A. testudineus which are highly prized
and are in demand in the State and producticn of their seed in

order to supplement the seed collection from natural sources.

S CULTURE EXPERIMENTS

5.2.1 Culture of magur .
L R e Culture in derelict ponds

S Culture of magur to marketable
size was attempted in two derelict ponds (area : 0.03 and 0.04
ha) at Kalyani in November 1975. #Pond 1 and 2 were stocked
with fingerlings of magur @ 20,000 ha™' and 40,000 ha=! (X

size ¢ 10 g). The stock was fed with low priced, 4ry marine






Martality of fish occurred as a
result of the unfavourable environmental conditions: The feeding
~ had to be suspended and the pond water partially replaced in
order to improve the quality. The growth of the fish, based
on the sampling of 100 specimens, was as in Table 98. Harvesting
was done by dewataring of the pond in Decembexr 1978, 4,912
asult magur (X weight : 64.49 g} were retrieved, the recovery
percentage being 70.31. Besides, 7,000 fingerlings (x weight :
10 g) were also obtained from the pond, as a result of natural

spawning.

During the latter part of the
experiment, a small stock of earp fry was introduced in the pond
along with magur for utilization of the plankton and 37 kg of

advance fingerlings of carps could be raised in one month.

The'economics of the operation

were as fallows :

Inputs T0 kg magur fipngerlings fs, 700,00
(2 Rs.10.00 kg~')

1,070 kg dry trash fish

(@ Re. 0.80 kg=1) Rs. 856 .00
110 kg ricebran
(8 Re. 0.50 kg=1) Rs.055.00

Rs.1,611.00
OQutputs Value of 317 kg magur harvest Rse 2,894 .50
(@ Rs.8.50 kg=')

37 kg carp fingerlings
(@ Rs.5.50 kg=1) Rs.0,203.50

Rs.2,898.00

- 7
Income ha Rs.12,B870.00 (excluding cost of transport, management,ete).

v In 1978, another 0.1 ha pond was

stocked with-magur fingerlings @ Rs.50,000 ha"'1 and fed with



dry, marine'tragh fish and rice bran. The proportion of rice
 bran was increased in this experiment to reduce the cost of
feed and the possibility of watet pollution in the summer

months.

The range in water quality of

.the pond during the culture period of 4 months (March to Juneg)
was, pH : B.2 to 9.0, free carbon dioxide : 10 to 7 mg 1 1,
dissolved oxygen : 4.4 to 10.2 .mg i and total ‘alkalinity:
103 to 129 mg ]

ment, free ammonia did not assume a serious problem in the

(Table 99). Unlike in the previous experi-

summer months.

" The grawth of the fish during
the culture period was as in Table 100, 311 kg of magur
(x weight : 82 g) was harvested in June 1978 (number harvested :
3,800; survival ¢ 7;5-%).- Tha bastléf the inputs and the value

of the output were as follows : /

Inputs 75 kg magur flngerllngs

(@ Rs.9-40 kg=1) Rs.0,675.00
650 kg dry trash fish R
(8 Re.0.30 kg=1) _ Rs.0,520.00

300 kg rice bran
(2 Re.0,60 kg~1) ! Rs.0,160.00

Rs.1,375.00

Output Value of 311 kg magur raised R
* (@ Rs.8.50 kg~—') i - Rs.2,643.00

Thus the profit was Rs.12,6060,00 ha“1 in 6 months

5.2.1.3_ .. Intensive culture in pond

In December 1978, one pond of

0.1 he was stocked with magur and singhi fingerlings at a

combined density of 300,000 ha_1. The stock was fed daily with






After 4.5 months (March to July)
the pond was harvested and 300 kg of fish obtained. The recovery
was 67 % and the x size of the fish, 90 g. Besides magur, a few
large murrels-and small qyantities of carp and miscellanecus
fishes (12 kg) which gained entry in the pond during the floods

were also obtained.

The total quantity of feed given
(fishmeal and rice bran) was 1,000 kg and the conversion ratio
was 3.3 ¢ 1. The total cost of magur fingerlings and fedd was
Rs.2,400.00 and the amount raised by the dlspnsal of the fish
was R.3,600.00, @ Rs.12.00 kg-!.

5.2.2 Culture of singhi

S82.1 Culture in derelict pond

Culture of singhi was taken up
in 1978 in a 0.04 ha pbnd. Fingerlings (X size : 10 g) were
procured locally and stocked @ TS,DUU ha"1 in April; Cowmanure
was applied regularly in the pond as feed and fertilizer from
May onwards. Ricebran (@ 2 to0 3 % bday weight of the?stocki
was broadcast along with cowmanure. In all, 590 kg.o%.éowmanure

and 142 kg of ricebran were applied in the pond.

Water quality of the pond growth
of the fish are given in Tables 104 and 105. Harvesting of the
pond could not be done as it got submerged due to the unprecedented

floods,

e Culture in large pond

In February 1980, one pond of

0.1 ha was stocked with singhi fingerlings (x weight : 8 g)



@ 90,000 ha"1. The fish were fed daily with fishmeal and rice

bran (1:2 ratio) @ 2 to 3 % body weight., Cowmanure was applied
daily for two months. After 4 months' rearing, prior to harvesting,.
there was poaching in the pond and only 3B kg of singhi (number:

1, 147; recovery ¢ 12.7 %) could be harvested.

B et Semi=-intensive and intensive
culture in ponds

Semi-intensive and intensive eulture
of singhi was conducted in 2 ponds (area: 0.04 and 0.034 ha).
fDuring the rearing period, cowmanure was applied in both the ponds
and the fish were fed with fishmeal and rice bran (1:1 ratio) @ 2
to 3 % body weight, in the evening. 3urvival percentage of singhi
was higher;than that of'magur an+4 the fish showed greater tolerance
to wateg;pullution and no replacement of water was necessary. The

harmgst data are summerised in Table 105.

Yo el g Culture of kawai

: Culture of kawai was undertaken in a shallow
derelict pond of aren.0J02 ba aftar draining and refilling. The
_pmnd'was-stgékQQ‘with 2,500 fingerlings, (length fénge : 50 to 70
mm};;:weighf 2 5,3 g; xTate of sfucking: 125,QUD ha"1) collected
. from same pond in December 1976. The stock Qas fed with a mixture
af fishmeal, mustard;céke and ricg bran (1;2:2 ratio), initially
@ 500 g day'1 which-WBa praéressively increased. A total of 193.5

kg of feed was given.

The range in physico~chemical qualities of
water were 3 pH 3 7,2 to 9.3, total alkalinity: 100 to 237 mg
1-1, free carbon dioXide ¢ 0 to 7T mg 1=1 and dissolved oxygens:

5.4 to 14.4 mg 177,



During the summer months there
was a sharp fall in water depth and the pond had to be frequently

" topped up, for maintaining the water level.

: Harvesting was done in November
1977 by.dswatéring and 545 kewai, weighing 14.05 kg were
ob%ainéd;- The recovery of fish was low (21.8 %), probably due
tdfbfé&éticn by birds in the shallow pond and migration during
thafhﬁﬁécqn months, in the absence of proper fencing. Besides,
the ‘Pond also yielded 3.78 Kg C. punctatus and other fishes.

5.3 BREEDING EXPERIMENTS

5,3.1 Induced breeding of magur

In August 1976 a portion of a shallow pond
(area :'O.ﬁs_ha)lwas sé:eened'with bamboo fencing and paddy
saplings wafe planted. 42 mature magur in the ratioc 1 female:
i1 male LSizé s 180 fo'ZUG g eéch) were reléased in the enclosure.
14 each of both sexes were injected with carp pituitary hormone
@ 40 mg Kg=' body weight to the females and 30 mg kg=! body
weight to the males. i

" Due to heavy rainéllthe water level of the
pond increased, rendering it difficult to collect the spawners
or examine the presence of fry and fingerlings thersin, The
pond was dewatered in November and 36 a2dult specimen s and about
100 fingerlings (80 to 120 mm in length; 15 g X weight) of magur

were obtained.

In the year 1977, 11 small plots (size:
20 x 10 m) were dug out in the low-lying area of the fish farm
in two rows. 8 plots received paddy saplings while 3 were not

planted with paddy. One to two sets of magur breeders injected
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Barupur (24 Paraganas district), Dhubulia (Nadia district) and

Murapur, Mandigram II block (Midnapur district).

5.4.2 Fisheries training

A training programme for 33 fish férmers of
different districts_af the ‘State in three batches, each of 4 days
duration, was arranged on the culture of air breathing fishes.
District Fishery Officers of Nadia, Howrah and 24 Paraganas (Nozth
and South) also arranged training programme of fish farmers. 22
Extension Staff of Comprehensive area Development Projéﬁt and
the newly recruited Fishery Extension Officers of the State also

received training for 2 days on this subject.

55 PUBLICATIONS

B Brail Research papers

i) Banerjee, S.M. (in press). A preliminary

note on the possibilities of culture of Anabas testudineus (Bloch)

in derelict ponds. J. Inland Fish. Soc. India.

S i y, (in press). A preliminary note

on the possibilities of culture of Anabas testudineus (Bloch) in

circular bamboo cages in ponds. Sci & Cult.

iii) Culture of air breathing fishes in West
Bengal. Fisheries Journal, 1978 (West Bengal Fisheries Officers'’

Association) .

iv) Cultivation of air breathing fish,

Clarias batrachus (magur) in ponds. J. State Junior Fishery

Extension Officers, West Bengal (in press).




5.5.2 Popular articles

i) Pukure jeol machher chas (in Bengali).

Nabanna Bharathi, 10 (11-12): 895-899

ii) Pukure magur machher chas (in Bengali).

g;;ectongf Fisheries, West Bengal.

iii) Banerjee, S.M., 1980. Kalkata sahara moila
vale maccher has cbong jeol machher sambhbana (in Bengali). J.

24 Paraganas Fish Producers Asscciation.

5.6 FUTURE LINE OF WORK

3:) A survey of the seed resources of air bresathing
fishes in nature may be undertaken through the Marketing, Statistics
and Survey Section of the Government of West Bengal with the view

of quantification and proper exploitation.

ii) Further studies on the breeding of magur may pe

undertaken in one or two established fish farms in the State.

iii) Culture of air breathing fishes using the concept
of modern technology should be taken up in all the Government
Fish Farms so that this may be demonstrated to the fish culturists

to motivate them for adopting such culture practices.

iv) Training programme on the culture of air breathing
fishes may be arranged in Block level through the Fisheries Exten-

sion Officers.

v) The services of voluntary organizations like
Ramakrishna Mission Ashram may be utilized for the extension of

air breathing fish culture.

——X KKK



6 COORDINATING CENTRE

6.1 INTRODUCTION

: The Coordinating (Main) Centre of the Project which
commenced functioning in June 1971 at Darbhanga, Bihar was shifted
to Barrackpore in 1974, the Head Quarters of the Central
Inland Fisheries Research Institute, for sake of administrative

convenience.

Work on the physiolcgical and biochemical aspects of
nutrition of air breathing catfishes and toxicity and metabolism
of organophosphorus insecticides on these fishes were undertaken
by the Centre in collaboration with the Biochemistry Department
of University of Calcutta, Bose Research Iﬁstituﬁe and Institute
of Chemiéal Biology, Calcutta. Intensive culture of air breathing
fishes in ponds and investigations on the ecology of a typical
- beel were also taken up. Two ponds (area: 0.1 ha each) were made
'aﬁailabléfto the Eent:e at Rahara Fish Farm, near Barrackpore,

for field experiments.
6.2 ECOLOGICAL STUDIES OF DHAKARDHA BEEL

The pocketed nature of weed infested swamps permit

little transfer of nutrients from soil to water, causing low






Nitrogen, phosphorus and ofher nutrients were released
into the water in large quantities after each raking. The effects

of raking of the beel bottom (Table 106) are summarised below @

i) Water pH gradually increased to neutral range
from the initial Value of 5.2 te 5.8.
ii) Phcphurus concentration increased to 0.4 mg l'"'1

from traces.

iii) Ammonia and nitrate caontenirations increased to
0.63 and 0.61 mg v respectively from their initial low values
and ammonia was converted to nitrate form by miercbial transfor-

mation.

iv) Dissolued oxygen became trace from the initial
low value immediately after raking and thereafter gradually

increased to 8 mg Eadah

: v) Primary productian shot up from the initial low
value to about 1,500 mg.of C m3 h"1 (obsexved between 0800 +to- 1200

hours) in theicourse of a week.

vi) When the concenfraticn of other elements remained
nearly constant, primazy pioductinn-was found to be a funetion

of the phosphorus concentration.

vii) Conecentration of dissolved organic earbon

increzsed after raking.

viii) Carbon dioxide level deelined to less than 20

mg P=IE

ix) Alkalinity increased immediately after raking to

100 mg 1~! and above, from initial value of 50 to 75 mg 1~1.
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the plot where supplgmental feed was given- In addition
to fish, paddy at 1,887.97 kg ha-1 and straw atld,047.61 kg ha-1
in 60 days Qere obtained. A fish production gf -

199.4 kg ha-1 of magur-and singhi in 30 days was obtained from
the plot where supplemental feed was not provided. Em addition
to fish, paddy at 1,839.28 kg HeTh S o

were obtained in 60 days from the plot. The control plot
yiel&eq paddy at 1,794.64 kg ey BRI 4,345.23 kg et

The production of fish, paddy and straw are given in (Table 149).
6.1 * PUBLICATIONS

6.12.1°  Researeh papers

1) DEhadlr_ai', FoVo, RDN. Pal’ M- Chﬂudhuri

o

and D.N, Singh, 1974. Obscrvations on cage culture of air breathing

fishes in swamps in Assém. *Jd. Inland Fish Soc., India , g : 89-92.

2) Dehadrai, P.V., ampd S.D. Tripasthi,
1975. Environment and ecology of freshwater air breathing
telecosts (In: Respiration in amphibious vertebrates, ed. by

G.M. Hughes, London), Academic Press Inc., 1976: 39-72.

3) Pal, R.N., $976. . Treatmesnt of
tumours in Apabos testidipeus «(Llo~h)w. J. Inlgnd FieshviSoca
Ind_:i,.—;}, 2 b 1&5&1‘:}6‘ e o 1

4)  Pal, RuN., H.F. Singh. and M,
Choudhuri, 1976. Oxygen consumption of the spawn of Anabas
testudineus (Bloeh). J. Inland Fish. Soc. Indig, 8 : 140-142,

5) Mukhopadyay, P.K., 1977, Studies
on the enzymatic aectivities related to varied pattern of diets

"in the air breathing catfish, Clarias batrachus (Linn,). .

' Hydrobiologia, 52 (2 & 3) : 235-237.
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6) Mukhopadyay, P.K., P.V. Dehadrai and
S.K. Banerjee, 1978. Studies on intestinal protein purification
and effect of dietary proteins on alkaline protease activity of

the air bxreathing fish Clarias batrachus., Hydrobilogia, 51 (1) 2

© 11-15.

7) Mukhopadyay, .P.K. and P.V. Dehadrai,
1978. Malathion toxicity and impairment of drug metabolism in
liver and gills of ‘the catfish, Clarias batrachus (Linn. ) Indian

e : 8) . Mukhopadyay, P.K., P.V. Dehadrai and
;S;Kg_ﬁgnerjgﬁ,”ngg,; Studies on intestinal protease : _Isolation,

purification and effect of diatary proteins on alkaline protease

_ﬁ:tivity of the air breathing fish, Clarias batrachus (Linn,)

Hydrobiologia, 57 (1) : 11-15.

a9 Pal, R.N., 1979. Diseases of fresh-
water fishes. Madras J.Fish., §t151—152.

.10) Pal, R.N. and 5.D, Tripathi, 1979.

Use of terramyein for fish diseases in carp and catfish culture

in Indian waters. J. Inland Fish. Soc. India., 10 : 166-168.

11) Dehadrai P.V., 1980. Swamp ecology
and scope fnr_itg,u#ili;ation fpr aquaculture in.Iq§ia. In
Tropical tcalmgy and Developmegf 3 Pgoc. VIth Internéticnal
Symposium on Tropical Ecology, 16-21 April 1979, Kdalalumpur,
Malaysia, Paxrt. 2, ed. J.K. Furtado, Kualalumpur. The International

Scciety. of Tropical Ecology: 823-832.

12)  Dehadrai, P.V., 1980. Advanecs
in air breathing fish culture in Indiaa Proe. Indo~Pacific

Fish. Coun., 19 (3) : 508-514.



13) Mukhcpadyay, FP.K. and P.V. Dehadrai,
1980. Studies on air breathing catfish, Clarias batrachus (Linn.)

under sublethal malathicn exposyre. Indian J.Exp.Bicl., 18: 400-404.

14) Mukhopadhyay, P.K. and P.V. Dehadrai,
1980. Biochemical changes in the air breathing catfish, Clarias
batrachus (Linn.) exposed toc malathion. Enviorn Pollut., 22 (2):

149-158. : Pa

15) Dehadrai P.V., 1981. Collection of
natural seed of air breathing fishes. In Seminar on Fishery
(Inland) as an economic programme for IRD, 26-30 Sept. 1981,

Barrackpore: T pp.

16) Mukhopadyay, P.K., A.P. Mukherjee
~and P.V. Dehadrai, 1982. Certain biochemical responses in the air-

breathing catfish, Clarias batrachus exposed to sublethal caroco-

furan. Toxicology 23 : 337-345.

17) - Mukhopadyay, P.K. and P.V. Dehadrai,

1982. Survival possibilities of air breathing catfish hybrids.

Proc. Indian Seci. Congr., 69 (3) : 169.

18) Mukhopadyay, 5.K., B. Venkatesh and
P.V. Dehadrai, 1982. Early maturity and breeding of two catfishes

‘Heteropneustes fossilis and Clarias batrachus. Proc.Indian Sci.

Congr., 22 3y = 86,

19). Mukhopadyay, S.K., B. Venkatesh
and P. Das, 1982, Effect of photoperiodicity on the egg

phospholipid pattern of an air breathing catfish, Heteropneustes

fossilis (Bloch)}. Proc. 51st Annl. General Meeting Soc.

Biological Chemists (India).

20) Mukhopadhyay, S.K., B. Venkatesh and
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Mukhopadyay, P.K. and P.V. Dehadrai (in press). Effect of
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Table 1

Maximum size of air breathing fishes recorded from tanks, reservoirs and rivers

U e U T R I R

Species Maximum size (length in mm/_weight in q) récorded from
tanks . reservoirs rivers
C. marulius 1,015/ 6,350 1,056/ 8,4. < 949/ 5,200
C. stristus ' ' 603/ 2,100 604/ 2,200 604/ 2,000
C. punctatus 285/ 230 261/ . 210 257/ 180
C. orientalis ' Bl fss 208/ 105 231/ 165
C. baicachis 481/ 685 402/ 425 405/ - 440
H. foseilis 326/ 500 269/ 350 295/ 420
N. notopterus 219/ 450 235/ 545 228/ 510




Table 2

The physico-chemical conditions of water (range) din the tanks

Secchi : Total

= Water dise Water irﬁru T Free CO, y . oalkali- Nk =N NO4 =N I:'2!35 910,
St depth visibi-  temp A e o R nity I = i AL
(m) ligy(mm) (o) by (mg $-1) tmg 177)  (mg B0 Cmo 7 Amg 1)
Rangena=-

hallikere 2.45-3.60 365-1,950 19.5-27.6 2.,08-7.68 2.08-12.0 6.7-B.4 25.6-T74.8 Tr.-0.50 Tr.0.16 Tr.0.22 07.4-23.8
Doddakere 2,40-3.20 530-1,405 21.1-28.3 4.40-8.40 2.40-11.0 6.6-8,0 48.8-68.0 Tr.~-0.33 Tr.-0.13 Tr-0.13 10.4-20.4

Belasckere 1.5 =3.20 120- 640 21.2-27.6 0.20-8.46 0.0 -31.2 6.8-8.4 72.8-180.0 Tr.-0.95 Tr.-0.16 D;h*0.33 6.6-25.0

Tr. = traces

ink




Table 3
The quaiity of soil (range) in the tanks

— e e e o e ma s e e s R e wme e M e e e e e e e e e s e e e e e e W e M e MR el R e e e e e e e e e e e e

i o o ozgenic  Availabls Availsbine
salts carbon P50 K ‘
(i 4805 ) (%) (mg“100 g-1) (mg 100 g=*)

— e wem b mwe wes e mes wm e e M e SR e e e SN MRS WAN e N MES e e S S e RS e e S e e s R mee SN MRS M S mes e e 5 e e e e e e A e

Rangenahallikere 4.7 - 6.8 Traces - 0.91 0.25 - 1.26 Traces -~ 22.0 129 = 270

Doddakere 5.0 -~ 6.6 Traces - 0.54 0.62 « 1.26 .Traces - 19.8 124 - 270
Belasokere €0 = 7.1 Traces - 2.20 0./ = 1.26 4.4 - 39.6 178 - 270

ink



Table 4

Ygavet stravt ~) of gill net fishing in tanks

— e e e wm eSS WA mms  ma WA RS MR e e e T e e e SR e mmn e S M e mae WU wmm e s e e e e W e e o e

Mesh Catch e through seasuns_in

bar Rangenahallikere Doddakere - Belasokere

(mm) TGummer monsoon winter  summer mMONSOON WiNGTEr  summer MONsoon  Wilnter
15 9.4 5.3 174 2725 18.0 3.0 Tl 86.5 9.3
20 15.1 21 .4 36.0 23,2 27 &3 12 4a 16.9 33.2 20.0
25 35 10.0 nil 1.8 nil T 0.2 38 0.4
30 4.9 i T 6.5 4.0 nil 0.6 4.3 L) @i
35 1.1 8.8 4.8 nil nil 2 nil 3.2 nil
40 0.7 (=T 153 nil 0.8 .5 0.4 1.2 0.8
45 1.0 4.9 nil nil nil 0.9 nil nil nil
s TG 00 5.3 nil nil nil 12.8 nil nil nil
60 nil 344 15.4 nil nil b0 nil nil nil
70 nil nil 59 nil nil nil nil nil nil
80 nil nil nil nil nil nil nil nil nil

2 T

A/ weight of fish (in g) caught 100 m~ 12 h



Table §

Size range of fishes caught_in gill nets of various
mesh sizes

Length range (mm) of fishes caught

Mesh bar

(i) C. punctatus L. striatus L. marulius
15 120 - 187 : - L

20 160 - 206 166 - 212 -

26 . 205 - 265 195 - 260. 210 - 274
30‘ - ‘264 =231 260 - 315
35 - 355 - B85 | 297 & 3I54
40 - _ 377 - 464 332 - 448
45 = - 430 -~ 505
50 < - - 550 - 786
60 - - 550 - 786
70 - - 676 - 902

80 - - 893 - 1,000

e g



Table 6

1/Catch effort-1 of long lines in tanks

— e e M MEE wmE e o e e e e e Sme S s R S M PER G Gem e W MR s e v e s e e e e e

Code No. Catch effart_1 (numherg/ and weight in g) through scasons in
of hooks e
operated Rangonahatlikore - IR et + nsDoddakefo - - » Belasokere
summexr monsoon winter summexr monsoon water summexr monsoon winter
7 1,900 2,150 850 1,210 1,685 1,250 - 1,020 470
(2) (1) (1) (1) (2) (2) (0) (2) (1)
8 550 2,410 970 825 1,020 825 360 430 -
(1) () | (an) (1) (1) 4 T (1) (0)
2| - 1,070 530 - 680 630 425 540 390
(0) (2) (1) (0) (2) (2) (1) (2) (1)
10 505 400 385 T45 525 - 385 385 610
(1) (1) (1) (2) (1) (0) (1) (1) (2)
11 T25 B85 - L. 308 - 305 310 - 355
(2) (3) (0) (1) (1) (1) (1) (D) (1)
12 350 © 830 290 660 PEIBO | - - 460 290
(1) (2) (1) (2) (1) (0) (0) (2) (1)
13 540 - 330 - 590 385 305 410 315
(2) (0) (1) (0) (2) (1) (2) (3) (2)
14 - 540 535 255 255 230 390 240 260
(2) (2) (2) (1) (1) (12 (4% (2) (2)
; ' | - 1 : e = £.15 T2
15 280 615 180 - 210 410 270 405 350
' (2) (3) (1) (0) (1) (2) (3) (4) (3)
1/ 100 hooks operated for 12 hr 2/ in parentheses

ink



Table 7
1/ Catch effart™ of cast net fishing in tanks

Catch effort-1 in g through secasons

summer monsoon wintexr
Rangenahallikere 295.3 194 57 156.1
Doddakere 216.5 190.2 188.6
Belasokere . 373+9 2375 205.4

1/ 10 operations

Table B

Length (Xx)at various ages in C. marulius

—— e — — — e S S e S mmw e e WO mee e e S s men M s e e e e s

Age in X length {mm) obtained by
years G
Probability Study of von Bertalanffy's
analysis of growth growth equation
length checks on
frequency scales
1 273 262.2 259.6
2 400 393.6 414.,2
3 505 5136 502.0
4 615 619.5 611.6
5 715 716.9 702.0
6 790 793.4 778.0
it 890 878.0 851.0
8 948 932.0 911.0
9 - 970.0 967.0

- ink



Table 9
Length (Xx) at various ages in C. gt:iatus

e e MEE e D R M e M s s A e s sk e EE s dem e s e b e e s

x length (fm) obtained by

Age in Probability _ study of e
years analysis of growth von Bertalanffy's
] length checks on growth equation
: frequency scales
i 155 169.2 169.6
2 239 240.0 241.4
3 SEE 304 .1 304.0
4 365 359.4 359.3
5 411 408.5 407.9
6 445 444.9 450.5
—\ ——————————————————————————————
Table 10

Length (x) at various ages in C. punctatus

— . m— e — . e e e s wew e e G e e e G mm o cem S e e S

Age in O S e e i (T S e ()
years Probability study of vaon Bertalanffy's
analysis of gzowth growth equation
length checks on
frequency scales
1 115 1135 1GE
2 153 153.8 153 .9
3 192 189.5 187.0
4 231 216.3 21857
5 265 - 254953
6 302 - 25T.7

— o — S w— e el e s tme mmm ws wEm wem mmm e mmm mme wms e e e

ink



Table 11
Length (mm)-weight (g) relationship of murrels

Spetite General Male Female
"C. mazulius W= .0.000007612 L%°°°%' " W - o.cooods@as L22777Y 1 We' 0.00000s37s ocD204
- - - L] - - 3
C. striatus Ve ‘000000982 (24779 e D.popBB9RYE LT WelBh000uDT9sd LRt TP

C. punctatus W= 0.00004415 L W = 0.00606902 L W= 0.00304901 L

28348 3.3703 2.71928



Table 12

Sexual dimorphism in murrels

SPBCIBS Male Y Female H
C. marulius 4. No bulging of abdomen 1. Slight bulding of abdomen
' 2. Vent pale 2. Vent round and reddish
C. striatus ?. No bulging of abdomen 4. Slight bulging of abdomen
2. Vent pale 2. Vent round and reddish
3. Anal papilla~like structure 3. Anal papilla-like structure
prominent, its tip pointed broad, slightly reddish and

tip blunt with a reddish dot

€. punctatus 1. No bulging of abdomen 1. Slight bulging of abdomen
2. Numerous minute black dots 2. Diffused dark blotches, =a
"on the dark vertical bands few minute black dots may
or may not be present
3. Vent oblong and pale with 3. Vent round, slightly
brown to dark periphery, protruding and reddish.

a pinkish dot may be
present at the .@ntre.



| Table 13

Sex: ratio of murrels

Species No. examined Sex ratio Probability
(P)
C. marulius 653 1.t 1.8535 0.508
C. striatus 1009 1 ¢ 1.0588 0.396
L. punctatus 504 150 4.8225 0.790
ink
Table 14
Minimum age and size at first maturity of murrels
Size at first Male 300 mm/235 ¢ 173 mm/36 g 103 mm/18 g
maturity Female 300 mm/252 g 179 mm/39 g 105 mm/21 g
Age at
maturity 2 years 1 Vear 1 year

ink



Table 15

Fecundity of murrels (X in parentheses)

C. marulius

C. striatus

N U PR NI U U ST e T T T I T T T e T ——

No..of epecimens studied
Length range (mm)

Weight range (g)

Weight of ovary as per percentage

- of the body weight

Ne. of ova g-1 ovary
-1

No. of ova g bady

Rénga in fecundity

kength-fecundity equation

Weight-frcundity equation

S e W e e SR ma G s W SR e AR W e NN SEm NN S eSS S e R s e WY s wmw s e

ink

17
320 - 994
252 -6240

2.008 - 2.858
(2.385)

257 - 351
(302)

6.1%7068)8.41
13799 -~ 38,375

F_= 0.0001972 12-76055

30.03998

aT
206 - 405
80 - 830

3.651 - 6.951
(4.796)

616 - 882

29.36(3§.§E)Dd

2,794 - 28,046

£ = 0.06005255 [7*3998

S Al ol

122 - 287
23 - 205

812 = 13,70
(10.82)

778 - 1
(1,124)

138115183,

2,477 - 25,483

E = D.0004901 238183



Table 16

Water condition (range and %) in breeding econtainers

N S S T T T T T e e

Water samples Do Free EDz Total alka- pH NHA—N
iy -1 linity iy
p (mg 17") (mg 17") (mg 1=1) (g 477
Inetial 8,72 < 8.92 2.0 = L A t6.00 < . 38,4 Tadns 723 0.192 - 0.208
( 8.88) L.2.4) (17.6) (F2) (0.200)
Without weeds 2.80 - 4.00 13406 =~ 44,8 264 = 2T:8 6.7 = T.0 W07 WA G S )
( 3.20) (14.4) (27.2) (6.8) (0.739)
With weeds 12.00 - 16.00 e 1.8 =i AT2 8.0 5. B.3 0.196 - 0.204
. (14.40) ( 1.6) (16.0) (8.2) (0.200)

el e e et et e e e e T e e e T T U —

ink



ink

Size range

{diameter in mm)
Egg shell
Egg proper

g8il globule

Colouration

Fertilized eggs

'Early embryo

Advanced embryo

Table 17

Characters of developing eggs of murrels

Species

— — e G e e A e e mWW S R e TN MM TN WS mme e SN mee S G SN SER SRS M e TS W e M G e TEm W s e e em S Wmm mEm s e e

C. striatus

1.1484 - 1.4652
1.0098 - 1.2672

0.7920 - 11,0296

Translucent and
bright yellow

Transparent and
brownish yellow

Amber coloured

C. marulius

1.8414 - 2.,13064
1.6038 -~ 1.8216

$.1180 - 1.5840

Translucent and
bright golden
yellow

Transparent and
brownish yellow

Amber coloured

L. punctatus

1.0296 - 1.3068
0.8118 - 0.9900

0.6336 - 0.7128

Translucent and
straw yellow

Transparent and
brownish yellow

Dark brown\

C. orientalis

— s emm mem wmh mem e e R wmm mEm s e e wmm mem W S e e M e mm e wae M MEE s mEm e e SR EEm e B e e e wee e s Mmoo e

0.8118 - 1.18080
0.6336 - D.8712

0.5544 - 0.68312

Translucent and
golden yellow

Transparent and
brownish yellow

Dark brown

— e — o G e s e S e WS S Wt e e mwm s wwm e S et e e e MR e wm e Ss v e e e e S S e e e s e e e S



Fabley 18

Physico=chemical ccnditions of water (range) in the breeding ponds

[ e e T T e e

— e dgm wm omm em mm e mm e ER mm e T e ma mm wm mm b e Bm mm e s me e wm s e s am WA mm e M s e wE e mm e

Temperature (°C) 18.6 - 26,2 18.3 - 2808 “#8¢3 & 25.5 18.4 = 253 18,1 = 25.0
Transparency (mm) 585 =625 + 425 -« 530 560 - 995 445 = 520 425 - 505

1

DO (mg 17") 4.8 - 16.4 6.2 - 6.8 4.6 - 13.8 6.0 Te2 6.4 - 1740

1) Nil - 14,0 2,2 -« 4.4 Nil - 12,0 1.8 - 4.6 2l =" A2

Free CO, (mg oy
pH 6.4 - 706 7.3 - 7.5 6.5 - 7.5 ?04 - 7.6 T.a - 7.6



Table 13

Data on induced breeding g¢ magur and singhi

— . e e e e e wmm o em e e e SEN e wmm EE e e e eSS S e e M e S M e e TS M MR WS M S e e s e e e mmm e R TOR e e e e e e

Weight of breeders (g) Dose of pituitary mg kgf1 breedex Fertili- No. of
Species female male 1 thale 2 Ist IInd Zahion | mitmlrmiesiemiee o) ae -
female female male 1 male 2 (%) E998 : atehtaie
obtained
C. hatrachus~ 100 80 85 20 30 20 20 - - it
n 80 120 100 20 30 20 20 - - -
M 120 100 80 20 30 20 20 - - -
H. fossilis 40 30 40 20 30 20 20 - - -
C. batrachuse 145 60 60 20 40 20 20 T4.9 475 Eggs got spilled
n 65 45 05 20 40 20 20 - - -
5 i 125 85 8o 20 40 20 20 - 5 =
C. batrachus 60 60 45 30 60 30 3o - - ' =
4 HE 40 100 30 90 30 50 - - -
" 40 40 50 30 120 30 60 - = =
H. fossilis 40 35 40 30 60 30 - 30 g60.0 1,600 1,200
i 100 ga 60 34 90 30 50 95.00 4,300 3,890
1 60 45 40 30 120 30 60 04.00 1,800 1,400
C. batrachus as 100 - 4 80 40 - - i
Y 100 110 - 4 B8] 40 - - o
n 80 100 - g 160 g0 - - =
.y 120 110 - 8 160 80 - yang nil
H. fossilis 25 ., 20 = 4 00 40 = ~do- ~do=-

RS MR s S e M em WS M v S e G WA e R e me S R S e SR m mme R ee T W e e e S M e s e s e e i e S e e e e e s e s o me s e s o

ink



Table 20

Identifying characters of young of murrels

Species Characters
C. marulius Dorsally dark grey and bluish below, becoming

pale ventrally: a conspicuous orange yellow
longitudinal band laterally running from
snout to the tip of caudal fin; on caudal
fin the fore runner of qharaéteristic ocellus
appears as a light dark spot surrounded by an
orenge hue (the orange hue anteriorly more
concentrated).

L. striatus Body vermillion red: a bright reddish golden
; longitudinal band laterally and a dark band

below

L. punctatus Brownish dorsally and pale ventrally: a
bright golden yellow longitudinal band
laterally from snout to caudal base and a
yvellow line mid dorsally from snout, towards
dorsal fin.

L. orientalis Brownish to dark dorsally, becoming pale to

bluish ventrally: no district blotches or
bands on the body: pectoral and caudal fins
have vertical dark bands.

ink



Table 21

Number of broods of murrel seed collected from the tanks through months

— e G e m— cam wwm e e W wm mem e mm mem ey wem euwm ves e SRR S M TR e mum e S s e T wee e T e W e M S S R S mm e e e e e W e e e e e e e e e = == =

Number of broods collected during
March April May June July August September October November December

— e . e e wmin vem s e mem mans  me aes  we m G Gm aem em mm em mem s e e s e e e e e e e e S e e e e e R e e e s S e e e e e e e e e e e e e

Lakkavallikere marulius 1 1

striatus 1 2

4
4
punctatus 1
1
3

-

Rangenahallikere Marulius - 1 1

striatus 1 1

i punatabus

Boddakere marulius 1 1

o 10 0 in jo|jojo |0

striatus 1

Milghatte marulius

striatus 1

o 1o o

punctatus

marulius

Nidige

striatus

nunctatus

. e s e e

o |0 o o

.

orientalis

Belasokere

(5]
. -

. punctatus 1

1
1
1
striatus 1 2
L 2
C. orientalis 1

e e = e e e e wew e e e G e e e e mmm e vEe  erm vmm e wmm mmm e tmm e e mem e e e e e e e e mmm s e M mmm e e e e e e e e wee e e e mum wee Sew e

ink



Table 22

Number of seed brODd“1 in murrels through months

— o A e e em e e e e v e SRR e TRA mm smm RS RS AR S SN S MR M MR G e e e e e mae e e et e e S e e T e e o e s s e S e e s o

Mo bhs ey 7 5 Ui 8 d S e S e ) s s S 2 i ety AT IR R ORI L Sy o S Rl e e B e & S Wi
C. marulius €. striatus ., C. punctatus C. orientalis

: Mazep 1,055 - 2,361 (2,100) 1,760 - 3,642 (2,652)

April 2,073 - 2,906 (2,4590) 1,296 - 4,528 (2,555)

May S /15271 - 3,649 (2,220) 1,456 - 5,290 (2,562) 1,235 - 1,531 (4,341)

June 80s - 2,520 (1,423) = 1,392 - 2,992 (2,016) 005 - 1,864 (1,345) 1,237

Sty 631 - 1,316 (4,084) 935 - 2,113 (1,656) 5A3 = 1,344 5 65 959 - 1,255 (1,121)
August 357 - 025 ( 595) 803 - 1,361 (1,094) 477 - 969 (. 70T) 458 - 1,024 ( 784)
September 400 - 752 ( 526) 618 - 1,005 ( 035) 720 519

Oetober 366 530 - 947 677)

: (
" November - 665 - 736 ( 693)
‘December 647 - 702 ( 6708)



Table 23

Seed of air breathing fishes eollected from nastural sources

— v WR v e — S MR W e e e memm e S mmm S e mas s e S S e MR W e e e wm mmm mem e WEm  mER W mme nee s Gmm S e S e mmm e hmm e e o cam e e e e

SHesifan. | - o sl e s i e A e e R anie T R R SRR S =
1973 1974 1975 1976 1977 1978 1973 1980 1901 1982 1983 1584

v Co mardlius F,307 38,339 24,124 5,250 4,013 2,065 2,500 1,850 5,026 10,265 4,543 7,428
L C. striatus 102,274 164,542 104,181 16,300 17,505 2 (T e T ) 4,560 9,500 - - 2,602
&.C.: punctatus t2,750 155575 - - - - - - - - = =
- L. orientalis 3,004 5,463 - - - - - - - - = =
{ C. batrbbhus - - - 2,152 908, = @ 65500 3,000 4,700 JAW " o
il H. fossilis - - - LT e = 3,620 7,550 = - 3 L

— e e wm R e man e G e e mee M W G e mme e S e e SEm R R R W e G e e e et e B e e e e e e e e e S e mmm mm e bas e e e e e e

- collections not made

ink



Table 24

Nursery rearing of C. striatus

LA B B N ] Contd-.-

Di‘i:ii:ﬁng X increment of fr{ Survival of fry Yield ha - Grading EFSEd an
(+ \lion ha ') leng th weight (%) number production Survival Production
(mm) {mg) (fryl tkg)
{1) 4 (3} (4) (5) (6) (7) (8)
Experiment 1 Initial size of fry : 5.53 mm/ 1.0 mg Supplemental feed : Nil h
1.5 7.50 22.5 1.76 28,160 -0.839 5 5
1.0 9.46 3325 7.46 - 74,600 1.574 2 4
0.6 11.23 49.0 14 .85 89,100 3.855 1 i)
0.4 42.43 57.0 18.16 72,640 3.813 3 p
Experiment 2 Initial size of fry @ 5.50 mm/ 1.0 mg Supplemental feed ¢ goat's blood
1.5 7.74 23.0 2.49 39,840 -0,544 5 5
1.0 9.80 39.0 6.21 62,700 1.108 3 4
8.6 11.40 54.0 15.76 94,560 4,600 ] ]
0.4 12.50 59.0 18.64 74,560 4,074 p 2
0.2 13.50 69.0 26.36 52,720 3.490 4 3
Experiment 3 Initial size of fry : 9.90 mm/ 9.3 mg Supplemental feed : Nil
1.5 T1.22 36.0 B 92 120,320 -8.500 4 b
1.0 925 54.5 12.2% 422,700 -1.472 <) 4
0.6 10.77 8.7 24 .09 444,540 5,692 1 2
0.4 $1.33 4.2 31.93 127,720 6.495 2 !
0.2 11.96 81.6 £40.91 81,820 5.577 5 3

.20-....



(1) (2) (3) { (€0) (5) (6) (7) (8)
Experiment 4 Initial size of fry @ 8.90 mm/ 8.9 mg supplemental feed : goats blood
1225 13165 18153 13203 208,480 11.709 4 &
1.0 189553 261 .4 42.00 420,000 104,626 1 3
0.6 23.66 33358 63.43 - 330,540 128,832 2 1
0.4 25.35 409.7 10.11 200,440 113.032 3 2
Bl : 27.60 490.6 1795 : 155,900 16.092 5 4
Experiment 5 Initial size of fry : 8.96 mm/ 9.0 mg supplemental feed : notonectids
h.8 12.40 106.6 10 .49 167,040 6.406 4 b
1.0 19.00 263.0 39..00 390,000 97:. 392 1 3
0.6 22.90 3274 50.71 352,260 113.100 2 1
0.4 25,07 396.0 69.09 276,360 1008.326 3 2
0.2 26 .05 461.2 76.82 153,640 10.442 5 4
Experiment 6 Initial size of fry : 0.55 mm/ 3.2 mg supplemental feed : goat's blood + yeast
15 17.46 194.3 15 .64 250,240 30.374 4 5
1.0 24 :96 ITtah 52.00 520,000 192.364 1 1
0.6 27.33 467.0 60 .21 409,440 " 109.646 2 2
0.4 29.36 5321 17.73 299,920 158.767 3 3
0.2 31.02 580.6 Bif. 72 175,440 101,659 5 4
Experiment 7 Initial size of fry : 8.50 mm/ 8.0 mg supplemental feed : notonectids + yeast
143 3 e 1515 12.55 200,000 2% .28°2 4 54
1.0 23.06 3127 47 .00 470,000 142,723 1 3
0.6 2675 452.4 ) 65.00 390,000 174 .756 2 2
0.4 20.46 512.6 75.00 300,000 152,960 3 2
5 4

B.2 29.94 557<9 05.9 171,020 933






Table 25

Seed rearing ef giant murrel and magur in cages

el T e R WS
Initial size () Rate of Duration  Final size .(X)
b No. of NO'Dfi : 4 feeding of !
Speeies chzke Cfri_1 l?;ﬁ?h wa?g?t fee (% body Beobidna e PR Suﬁgfual
e # weight) (days) (mm) (g)
L. marulius 3 1,500 44.3 0.475 Trash 20 30 3.1 8 5 38.4
fish
E. batrachus 3 1,000 30.? 0.250 -Trash 10 30 46.3 1 fef |
fish
frice
________________________________ bran

— e e = e s e e e e e Y MR e e e e e e e v e mem wew

ink



Table 26

Rearing of seed of C. marulius in nursery ponds

e vem e e e e e e M e e S G e e e e o e e W e mmm S e e s e e e e s s e e Sm Wen s e e e mme W e e e e wmm e e e e e e

Ponds Stocking Initial size (x) Rate of Duration : Final size Survival
p§2:E1 length weight Fesd Eiesigi D{d:::§lng length weight (%)
(mm) (g) wetaha) : Cansd) (_j)
1 2,800, 52.3 0.950 Trash 3 163 1897.5 24.750 24.88
fish
2 2,100 86.9 4.550 =dom 3 180 241 .0 91.250 20.95

— e wE s TR e e ees mAs s SR WEm e mmm RS s e e e mmm VEm G W W Sk, e seam S e fame e MM W e mme e e e e Gmme  wem Twe M v s e mem e wmam e e e e e e e s



| ‘Taele 27

Feeding experiments with murrel fingerlings in aquaria

(duration of experiment) .
Nog. - 5n S:a:;;;y Initial size Final size
Species .
RRESS 25 1. water Feed given length weight length weight
(g day-1) (mm) ({g) (mm) (g)
C. marulius ) R 1,500 72.6 3,180 89.4 Lt
~da=- -do=- FRWP ~do- -do- ~do=- 5.9 3.810
—-do=- adg- | FRF 2,500 100.7 1,830 115.5 11855
~do- ~do~ FSWP -do- ~do=- -do=- 116.6 9.855
=do- <o | FTT 2,750 115.9 11,250 127.5 15.430
~do- -do~- FSWP ~do- ~do- ~do=- 12241 12.820
E._atriatus 5 FiE 45250 8433 1,355 65.8 2,315
-do=- -do= FSWP ~do=- ~do=~ ~do~- 62.4 1,860
~do~- -do- FTF 1,500 T2.4 3,000 81.6 3,805
-do- ~do- FSWP ~do- ~-do- -dos 75.9 3.410
-do=- -do~- EilE 2,000 107 .1 9,440 1157 11.645
ddo- -do- FSWP ~-do= ~do- . =do=- 101.2 8.120
FTF = Fresh trash fish; FSWP = Fresh silk-worm pupae

ink




Table 28

The proximate cnmpqgiticn of different supplemental feeds

e mmm wm e e S s ewm StE ST s ww em

Proximate composition {in %)

o — e - —

Type

moisture  protein  fat ash carbahydfggg
F1 7.27 32.50  9.93  4.70 45.60
E2 T7.66 19.25 4,53 12.49 S0
F3 6.61 30.19 4.78 2932 Al 10
F4 5.74 15.42 1.74 26,57 50:53
] 4.718 16.50 1295 34552 4!.84
Fé6 8.84 2013 5.12 3 [ 57.41
Table 29

Growth performance of

— e rom s e LS s e e sAn e e mmm mes v wes sem web e o ew

singhi fingerlings with H4jpperromt--—
supplimental fceds

..

X fish Grading a

loss

2.0
143
3.0
855
Nil

- e e e m G and

the feeds

P e s emm e e e mm mm eam mwm ewm cam wem e s e

% initial gize final size of X incre-
Type of fish fish ment in
length weight length weight _weight
(mm) (g) (mm) (g) (g)
F1 114.90 8.2 119.30 12.00 3.80
F2 ~do= -do - 11990, 1% .95 Al
F3 ~do=- -do- 118:.55 11 .74 3.50
F4 ~do=- —-do= 124048 FACLS 4.95
F5 -do - ~-do=- 128.55 14.20 6.00
F6 ~do= -do- 124 .65 13.10 4.90
Table 20

Growth of magur and singhi in captivity under
supplemental feeding

e em s o ame e = e v mw cm e wom e mm s e ee T Y S P —

No. Initial size
Specics of (x)
fish length weight
(mm) (g)
C. batrachus 20 128440 20.00
H. fossilis 50 112.60 8.00

ink

Initial Biomass Increase in
biomass after biomass T
80 days
(g) (g) {g)
400.00 605.00 205.00
400.00 490.00 90.00

e AR R ekl | —



Density of packing
(No. of eggs 1—4)

28
2,600
1;500
1,800
600
400

Experiment 2.

2,000
1,500
1,000
600
400

Experiment 3.

|
1,500
1,000
+ 600
400

— e wem e e G SOE G e e e wmem e e e W wmn U e S e e R e S WSS e man eiw e wem G v e R s G s EE W M G MDD e s S mmm  wa s e ame  twe e mm e adm e

Oxygen packing experiments with eggs of C. striatus

Table 31

L/

and conclusion of experiment

Size of eggs

Size of eggs

1/ first set

Survival

(%)

: 1.0 mm in

It
7.2
B6-6
892.4

100.0

100.0

Temperature

(°C)

diameter, duration
2303
23 .4
23 .8
23 .5
23.4
23.3

: 1,0 mm in diameter, duration

69.4
76.2
§203
88.6
94.7

: 1.2 mm in

IR
Tily5
86.8
90.0
97 .1

Z23vd
23.4
2354
23.4
23,3
2353

diameter, duration

23.3

23.4

23.4

G

23.3

_Physico-chemical conditions of water at commencement

Do

(mg 1“1)

: 24 h

8.2
10.1
18.8
16.8
20.2
22.4

Free COp
(mg =1

3.0
28.3
2838
2152
16,7
13 .1

3,5
3i.4
29.6
26.4
225
19.8

alkalinity
(mg 1=1)

17.6
a2
63.8
5502
44 .2
38.3

16.8
84.8
77.3
69.9
64 .2
56.4

of values under different columns denote the initial waten quality

NH4=N
(mg =t



Table 32

Oxygen packing experiments with yolked hatchlings of C. striatus

e v e e e S whm M Em MEN SeS SR emm mes  Bmw e mes WS e RS W MM SRS sun Gie TR mme e S e s e e e e e e MR MR e e e e e vme mew  Swe e e wmm mmm com e e mm e e e e

Density of Physico-chemical conditions of water at commencement l/and conclusion of experlments
packing Blzvse Tpdte il e e e R e T

no. of £ (mg 1=1) free CO2 (mg 1=1) (mg 1=1) 3
hatchlings 17 ') {mg 1=1)

. — . e e e e e e e e e M S M e e e e e G R T e e e e b s e W s e et wres s e S T e s e e s s Gem e e e s e e s e e e

Experiment 1. Size of hatchlings, 3.2 mm : duration : 24 h:

' i 2352 Ba3 32 18.4 0.1 7.0
t,500 T5.4 23.4 9.6 F<h 86,2 a8 6.8
1,000 83.5 23,3 S B sl ] 79.4 2.4 559
600 95,5 23.2 16.4 182 62.5 b 740
400 999 233 20.0 154 4 1.2 7 )

Experiment 2. Size of hatchlings ¢ 3.0 mm, duration 3 48 h
] 23.4 8.2 3.6 Vil .6 0.1 7.0
1,500 71.4 23 .5 Ais3 49.5 102.1 5.8 6.8
1,000 17.6 23.4 10.3 38.5 86.5 4.2 6.8
600 89.1 23.5 el 29.7 72.8 38 6.9
400 96.3 23.3 17.4 24.3 63.3 253 7.0

. Experiment 3. Size of hatchlings : 3.5 mm, duration : 72 h-
24 .1 8.0 3.4 16.8 B 6.8
1,000 T3 24.4 i 6.4 57.8 9= 543 6.6
750 80.2 27.2 g 47.3 82.3 4.1 6.7
600 B6,T 24.3 12.4 42.9 74.5 3.4 6.7
400 9309 24-2 13.8 34.5 69.9 2'9 6.?

e wmm e e S s e e v e S e ven e e s ST S emm TTER e s S R R e e e e R e v s e e My e e Smm WEm R G e e R e e e e e e e e e e

1/ First set of values under differemt columns denote the initial water quality

ink












(1) (2) (3) (4) (5) (6) (7) (8)
Experiment 15, Size of fry : 35.3 mhh; duration ¢ 36 h
26-[3 6'6 11.:., 32.0 Dc1 706
150 68.7 22.4 4,0 1167 177.08 36.1 T G
100 2.1 22.4 7.0 $35:8 149.6 29.6 T.4
75 06.4 22,4 .2 118.3 128.8 27.7 il
Experiment 16. Sjze of fry : 35.3 mm; duration : 408 h
26.7 6.7 1ed 30.2 (875 7.6
150 52.5 26.6 e 197,08 210.5 38.9 Trell
125 64,9 2627 3.9 1714 182.2 3.5 ol
100 T2l 26 .6 4.4 1549 161.9 % e it
75 Ta,3 26.5 5.0 132.6 144 .,4 29.8 T3
50 80.8 26.5 T4 106.0 1237 26.5 Ts3
Experiment 17. Size of fry : 35.3 mm; duration : 72 h repacked at 48 h
26.7 662 1.4 362 0.1 7.6
150 46,2 26,6 7.4 1573 142.8 29.4 W2
125 59.6 26.5 85 137 .6 120.0 27 .4 fed
100 60.6 26.0 92 132.0 115.4 20T T d
75 5.1 26 .6 10.0 118.5 1434 P Tad
50 . 84.3 26,7 5y e 104.2 86.7 2 e T.4

- — o w—— — S e W e W mem SR s Nt emm SR e S e tmm e W e e WSS mmm e s W s e e e—m

1/ First set of values under different columns denctes the initial
water quality. : :
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Table 35

Layout of the experiments on the culture of C. striatus in
swampy ponds

e e e s s e S SE S Wme R M TR SEE W M e e maw e ST e SN S A Wem s G v v e v e

Pond e e ?f Fertll%zatzon initial size (x) Rate of
Swampy i stocking with EthAekin
ponds of trash cow lime length weidht -P
(ha) i -1 (No.ha™')
fishes manure kg ha (mm) (g)
(No.ha=1) kg ha=! month=1
mon th=1
1 0.0420 50,000 Nil Nil 44.0 0.800 50,000
2 -do=- 20,000 ~do- -do- 48.0 1.034 20,000
3 0.0285 50,000 1,000 100 44.0 0.800 50,000
4 ~do- ~do= -do- ~do- -do=- ~do=- =do=
5 ~do= 20,000 -do- ~do- 48.0 1,034 20,000
6 -do=- ~do=- -do=- —do=- -do- -do=- -do-
ink
Table 36

Survival percentage add production of C. striatus from swampy ponds

. e w e e eewa wmn e vn e M WS s R e mmm e e mm s e M G e e e e o M s s e wem me— e v

Swampy Surwvwival of ¢ production (kg) of ¢ total production

Eehe mire gl trash fishes]murrels (kg ha=! yr=1)
______ R s e R B e e e
1 1.3 alBea 32 1582
2 T 5050 145.6 195.6
3 Da2 114.0 1131 827.1
4 11.7 431.7 894.8 1,326.5
5 41.0 291.3 T97.4 1,088.7
6 B ) 301.9 47 ] 1,074.1



Table 37

Culture of C. marulius in earth.p pond (area : 0.06 ha).

i ey f .
Stocking of fry (19.06.1984; Recovery of fish (15.11.1934)
size of fish gize of fish
No. ,Na.ha_1 length (mm) X weight No. length (mm) X weight
range < ikx (g) range X X (g)
900 45,000 91 - 165 119.5 3.25 375 470 - 255 197.8 75.00
Gross fish production : 28.125 kg pond"1 in 145 day

Gross fish production : 469.000 kg ha=! in 145 days

.ink
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Table 38

- e e e o e e W W s mom wem T s e mes e

1/ used as binder

Details of stocking of magur in the ponds
Pond X size S tocking
length weight PDI‘Id""r ha=
(mm) (g)
1 122.2 11.4 1,500 30,000
2 1222 i 5,000 100,000
3 122.2 11.4 5,000 100,000
Table 39
Supplemental feed given
Quantity of feed given (kg)
e A e S R e S S e A A e LR =
Chickmash fishmeal l/whiteflour
1 270,0 20.1 20.1
2 764.0 62.9 58.1
3 821.0 56.4 61.9



Table 40

Proximate composition of supplemental feeds (range in %)

— e v mn m— ew e R G S oAt M AT G W W wme W R Ml e s wem e T maew G e weR TR e e fee S s

Feeds Protein Carbohydrate Fat Fibre Moisture
Chiekmesh 1556 = 22,0 52.2-= 58.0 4 - BB = 2 6 - 10
Chiskmash

(‘ L
Portitisd 23.1 = 24.2 45.0 = 51.0 2 e i (. 8.0 3l 9
with 13 %
fishmeal
Table 41

Water quality (range) in the ponds

Dissalved Total
d
EapRs Tem?fg?tu:e pi {mD01—1) free CO2 alkalinfty
g (mg 1-1) (mg 171)
1 26.0 - 31.0 8.1 -~ 8.3 6.2 - 8.0 N ter2el 120 - 200
3 25.8 - 31.0 Tl = B2 4.8 = 8.2 Nil to 2.0 200 - 246

e s o s mmn s e e e e e TS M wEm e S W EEe e s G e R S S e we e e G e Gees e



Table 42

Growth, survival, produetion and food quotient of magur in the ponds

O S e T I I R e ettt et e T B e T S —

Net X X daily

Paid Recovery of fish X size increment  increment uZiEint EradupSIonsiky) | in 220 deye
ehEs fish1 in weight 3
No . % length weight in weight gross net gross
(mm) (g) (g) (g) ha=1
1 V35T 90.47 192.8 55.6 44,2 0.200 5.18 15.450 99.980 1508.930
2 3,553 71.04 168.3 40.0 28.6 0.130 8.91 142,590 104,590 28@1.600
3 3,339 66.70 166.2 39,9 28.5 0.130 F290 133.070 95.050 2661.330

e e e e e s we S SES  med e wws mmm wem b M S wws e eas S wam e M s M meee G e RS mee mmm e e e e S mem e mmm mm wme s Y RS mem G dmm e e e ew s em e mme



Table 43%

Growth, survival and production of magur in nursery pond

RSN M I S T I e e T T T oy e —

Stocking of fry Recovery of fish Production of fish (kg)
No. No.ha*! X size period No. % X size _in _tho..pond dhah
(million) length weight days length weight X
(m) e {ind (g) gross net gross net
T e e e ey e e RS s S R i e e e e e e e e e
340 855 48.90 . 0.94 250 2% 63,82 179,30 46 .54 10.10 968 5 58" 4,840

ink



Table 44

Growth, survival and production of magur in cages

S e WA wws eae SR e e WEe e R M Rmm MmE Tm Amm mes wme ane weS moe S SeE SeR Smm eem e e e e e

X growth of fish Fish production

Cage - length (mm) weight (a) sur?%;al fhglisn @ months
groes net cage-~ m=<

i 140,.5 35.2 278 69.0 6.265 Slait 2

2 145.2 38.5 31 .3 96.6 T4+430 3.T15

3 143.9 ar.1 28 ol Hd4R5 T.012 3.506

ink
Table 45

Stocking of Lalbagh swampy pond (arca : 0.1 ha)

Actual A : - Total
Species numbexr ' Initial size (x) weight
stocked length weight (kg)

S5 e e A - ) e el
C. marulius 3,000 o958 4.2 12,600
L. punctatus 150 H5.5 54T 0,855
L. orientalis 100 713 .4 3.8 0.380
H. fossilis 200 182.2 9.9 1,980

i I e e T T T e L I e ST

ink



Table 46

Growth particulars of C. marulius in swampy pond

At : Mon ths-

T T T T e e e T

Size (x) : 3
(length mm/ 19.8/4.2 178.7/44:8  291.T/75:2 . 258.3/1108 269.4/131.8, 281.7/154.4 298.0/192.6 320.3/211
weight g)

Monthly grow- 98.9/40.6 39.0/30.4 40.6/25.6 11.1/20.2 12.37/23,4 16.3/38.2 22.2/29.0
th (length

mm/weight g)




Table 47

Fish bazvest from Lalbagh swampy pond

— e e e e e e dmm e s e e s R S Sl e e e S e ol s M G e e e G e e W e e s e M s e e wow el e e e e e

Size (range) Total weight Conttibution
SREtLas 'length weight weight Survival hof flShd ; (%)
trim o) (g arveste in total
(g) production
L. maxulius 187 - 445 50 - 550 16725 46.16 231.640 98.26
C. punctatus 185 = 225 65 - 120 82.50 6.00 0,495 0.22
C. EFiEHtﬁiii 153 - 175 30 - 50 40.00 2.00 0.080 : 0.03
H. fossilis 173 - 275 40 - 205 66.70 256.50 3.535 1.49

ink



Table 48

4 Expenditure on inputs and incaome on
sale of fish from Lalbagh tank

e v i s e s e s e e el e e e wie ow e e R G e Tea e M s mes am e e

Particulars For U.f ha
7 months=1
(Rs)
1 Expenditure on inputs and labour

During culture operation

Fish seed (3,500) Rs.100,00 [
350.00
1,000 fingerlings=!
Fresh trash fish (30 kg for initial l
training) Rs.1.50 kg~ 45.00
Dried marine trash fish (256 kg) Rs.2.50 715.00
Lime (30 kg) Rs.1.00 kg~! 30.00
For harvesting
Diesel oil (14 1) Rs.3.40 17 47.60
1/ Wages of 2 labourers (2 days)
Rs.10.00. labourer—! day~! . 20.00
Miscellabeous 50.00
1,257.60
2 Income on sale of fishg/ (235.750 kg)
Rs.12.00 kg=! 2,829.00

s e vw T mmm e s e S e s e e wRR MR mre e e OB mem PR wlR S eWe G mem MR e e wae e

1/ Harvesting was done with Departmental fishermen.
Labour for daily feeding not accounted

2/ At then prevailing wholesale rates.

ink
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Table 49

J

Details of tagged Tingerlings of L. marulius released

. m— wEs s cmu tmd vemm i wmm S S whe TR RN S Bew WES mEe Sme SEE e WM e Ty e M M WS e ar e e s wm  mmm i sEw e wms e mae wem e e e

Lalbagh tank
Carp breeder pond
Carp breeder pond

Hessaraghatta
rESETrVOir

Sankey tank

Hebbal tank

o wee e e s e Sk weaR W s wEe G mew R S s e e Aew S e s R e e ey

water

length (mm) range of the
specimens

S i WS smmm R mem S vam e mm maB  twm vnA R ww mem e vem MR W mem e meR S v wum wme e e G e mem e S

320

10,4 .4977
24.4.1984
24.4.1984

24.4.1984
11.5.1984
19.8.1964
11.5.1984

105

e



Table 50

Recovery of tegged C. marulius from different habitats

— e e wm smm e um mEs mmm s e SHE wes S wmm mew R e v e TS mm  ES e G amm  tmm tmm Tam mm SmE e s Gah MR MAS e M M e mor s SR SEr SR N e Swm e wEm tmm wm e e s swm e

- Date of Tag Recovery Initial size Final size Growth
Habitat release " No. date duration length weight length weight month™
(mm) (g) (mm) (g) (g)

Lalbagh tank 1043971 ~ASD 1574907 96 134 16 272 150 41.875
-do=- ~dg=- B13 —do= 96 147 22 296 176 4852
Carp breeder pond (1) 24.4.1984 M4 14.7.1984 81 150 18 320 250 D25h92
—do-— ~do- Q2 Y eli=598s 263 145 18 322 300 30.422
-do~- ‘=do- D9 Dls2+1985 202 160 20 440 TC, T4.468
~do- ~do- DS ~do- 282 165 20 415 440 47.808
Hessaraghatta tank 24.4.1984 03 10.7.1984 Ve 142 10 226 40 15.584
~do- -do~- EG 16.1.1985 262 e 15 350 200 32.061
~do-— -do- L8 —do- 262 136 15 360 320 36,641
Sankey tank 11.5.1984 206 24.2.10885 306 133 15 505 950 3G
~do— ~-do=- 120 1351985 327 115 0 530 1,300 11.9.275
-do- —do~- 130 24, 554985 3786 110 6] 493 1450 91.270
~do- ~-do=- 377 2.6.1985 186 86 5 454 920 11503
~do=- ~do- 200 2.6.1985 g6 130 10 504 1,450 112.694
—-do=— ~do- 169 3071985 445 124 10 596 1,260 84,944
~dow= ~do=- a7 3871985 445 101 5] 575 1,340 elaksieelf
~dnf ~do- 102 1:59-1985 47T T 18 642 1,300 113.208

ink
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Table 51

Time (min.) taken for measuring 100 specimens of
murrel, magur and singhi using the conventional
and modified measuring boaznd

—— v e e . en o e G e S e S Gow e s wem mma e e s Tum o e v e e com e

{1y - (2) (3) (1) (5)
Speeimens Conventional Modified Difference Timed
of' fish measuring measuring in time saved
board bo ard (2) - (3) ( (4)x%00 ;
= y
Murrel 42.3 20.3 2350 52.00
Maguxr 5453 253 29.0 53.41
Singhi T2 37.6 33.5 47 .11

o AT G e me e L e W WAE S e SN NS e e e s e S mws e e e e e M e v e
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Table 52

Stocking density, growth and production of air breathing fishes in a pond under 'lab to land' programme

— mme S . e e mmm e e e mae e m wmm Gemm S o e e S G e e e M mee Gma e TE S AAe R e e el Gm e e e M R MR WG e e e e A e e Ao e e e e e

Number
stocked
Pond~!

Density
of
stocking

- Survival Harvest

I e P o ven e eem e e wrs v Cwi et o e e WD GWER ECMT S WNANWRED R e AR TN S v Sk SRS N TR WA wRes’ Wl ek N S i et g

Ll striatus

H. fossilis

. batrachus

-
i

423000

Initial size
(x) Bk
length weight
(mm) (g)
A2 0.925
63.8 3733
64,9 2.246

Feed l?;i?h we?g?t e o
(kg)
Trash 195-421 85-750 5.86 65.925
fish '
Groundnuﬁcake 115=275 10-150 )2 .00 32.960
(1= :
-do=- 145-300 35-245 61 .66 21.090

G e e e EE RS ela e are M e s nee e e SR me mrie mua WS S Gmmm e e e ume e e e e e uee s
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Table 53

Stocking and harvesting details of a fish farmer's pond (area 0.15 ha) at Kodigehalli 4culture period : 20 months)

Increment in

5 Stocking P Harvesting ; casuih
Species o= T ™

X size X size total Recovery length weight

. No. of No.ha=1 length  weight No.of length weight weight (mm) (g)

fish (mm) (g) fish (am) (g) (kg) (%)

C. merulius 1 500 10, 000 63.1 145 195 391.5 362.6 70.7 13.00 334.4 361.1
C. batrachus 1 500 10,000 46.3 1.2 203 280.0 130.2 26.4 353 283l 129.9
B. fossilis 1 000 6 667 5241, D.8 120 200.1 200.1 6.1 12.00 147 .4 S E

Total 4 000 26 667 - - 540 - - 103.2 12.84 - =

— e s mT e WS WS S e e R R R e S R e M S e e S e M e e e M e cid R s e e e e e e e e e e e e me s e s mme S s e e s e e

) -4
Total ¢ gross production of fish 688.3 kg ha 20 months

ink



Table 54

Monthly variations in physico-chemisal conditions of water in swamps

Physico-chemical paxametexs(renge

Alkallnlty\ N T%EE%n
Name Mon%h Colour Temper- Secchi pH Dissolved, Free bicar- Carho- phate“1 {mg E e
of aature dise ‘ oxygen |Q02 oonate nate e (mg 1 )
swamp ; (°cC) trans - (mg 17 ') o 1-1) (mg. 1 ) (mg 1 ')
parency y
2 i1 e T
Febru- Brown- 19 320 BRI I 16.9 240 Nil 4.6 WeTiall
ary ish
grey :
Mareh -do=- 24-27 200~ B8.9- 4.4~ - Nil 250 18 0.51=- 3.0-7.4
250 9B 523 D.54
[ April ~da- 27 310 Sz s Nil 245 60 00,41 . 2.6
a May Grgen- 33 240 9,0 18Lq Nil 240 2 £ 0.6
o £0wn
E Jwne " Dirtx 34.4 196 8.0 608 Nil 262 28 128 0.3
= gree
ﬁ . duly =do- 32.4 170 956 - 25 Nil 480 118 2k 0.8
f: August Deep . 30.5-  125-  9- 3.3-5.0 Nil 142-430 14.84 0.27 -
_ e O 175 9.3
1rt¥ _ :
gree .
September ~do- 275 250 g2 P 20 23 - - -
October ~-do=- 25.2 280 8.0 1.6 10 280 Nil - -
March Dark ' 22-29.5° 600- 8 8.2 0D,6=-2.7 10-42.4 160-208 Nil 0.9 7.0
BIsd e, 660
g Aprdl -do=- 3z 530 B.6 3l "Nil 234 1 4.4 s
ﬁ May =do=- 33 240 8.1 0.6 20 260 Nil 2.4 -
% July Cleaxr 29.7 QEEEBTB 8.0 0.9 20 5 432 Nil 3ie3 -
£ August  ~do-  29.5  -do- 8.0 1.2 15.5 122 Nil 2.4 8
m September. -do- 28.0 -do=- 8.0 150 16.0 180 Nil 1.05 -
October -do- 26.7 -do=- g0 18 12.0 300 Nil 1.8 -




Table 55

Diet fluctuations in physico-chemical eonditions in Balabadrapur swamp

e e e i — o — e

Season Time Colour ITempe~ Secchi pH Dissolqed Free gicain gg{%o— Phnsphqte Total j
. {hxs) of rature dise axygen co, Sl {mg 17) daghon .
Rl R * . 2 “3 =4
nabhe UCeisy eeme, - fe AT Bty & )
mm
1200 Brownish 19.00 320 8.0 1.3 16.0 240 & 4.60 7.0
1600 ~do=- 20.40 295 8.0 2 T b 240 - 4.50 7.4
Wint 2000 -do=- 19.25 - 8.4 1.6 20.0 236 - 4.60 2.4
FREE Saann | -dak 16.00 - 8.4 0.8 18,0 234 = 4.60 N2 ok
0400 ~do=- 17.00 - 8.4 0.3 26.0 228 - 4.60 2.0
0ooo ~do- 16.50 345 8.4 B=h 14.0 216 - 4.60 4.0
1200 Dull. 33.00 200 2F=a) 8.1 Nil 462 28 110 0.6
greenish

. 1600 ~dg=- 32.00 285 L | TieD Nil 424 64 1.05 0.8
Summer 2000 -do=- 30.00 - S 4.2 Nil 262 58 1.0 0.8
2400 ~do- 29.00 - 8.2 : 1| 138.0 418 Nil 1.10 0.6
0400 -do=- 28.00 - (.2 0.4 20.0 540 Nil =30 0.6
0800 -co=- 27 .00 190 0.0 1.0 12.0 363 Nil 1,18 D.6
1200 S%EEX 30.58 9285 9.0 3.3 Nil 142 14 0.27 10.0
1500  ~do- 32.25 118 9.6 TeS Nil 200 40 0.27 10.0
Rl 2000 -do- 31.00 - 9.0 5.8 Nil 140 28 0.16 10.0
2400 - -do-  30.00 - T R Nil 190 16 0.16 10.0
D400 ° ~do- 29475 - 8.8 0.9 10 140 Nil 0,16 ' 10.0
0800 ~dg=- 29.00 135 d.0 1.2 Nil 2l 10 0.16 10.0




Diel fluctuations in physico-chemical conditions in Bahadurpur swamp

"

Table 556

Colour Temperature Secchi pH

Alkalinity- (mg 177

Season Time Dissolved Free bicar- carbo- Phospb-te Total
(hrs) of (°Celsius) disec oxygen C02 bonate nate (mg. 1 ) carbaon s A
water trans- (g L) Mg I (mg Cm >~ h )
parency
{mm ) U W0 y 1 2
1200 Liﬁht 33.00 240 Aads LS 2050 260 - 2.4 a.
greeni ' h
1600 -do- 34.75 273 3 L 12 16,0 254 - . 4
2000 -do- 32.75 z Bl 0 20.0 234 - 2ud 3
Summer
2400 ~do- 34 .50 - 0.2 2250 240 - % .
0400 -do=- J05FS - s e B 26.0 244 - 23 5
0800 ~do=- 25 300 9.0 0,4 168 238 - 33 -
1200 29,5 Bottom BB 52 59 122 CNil 2.4 8.0
visible
1600 30,4 e BaB 1.0 10.0 120 Nil 2.4 .0
2000 29.5 - Bt 1508 20.0 150 - 2,4 a
2400 28.8 - 8.0 - {58 22.0 142 - 2.4 .
0400 20.4 . Sells s 20.0 130 - 2.4 »
GGDD 29!8 b it '302 U.T 1&.0 128 - 2.4 »




Table

57

Die1 fluctuations of plankton in Bahadurpur swamp

i Al Al N

No. of nlankton‘—

Balabhadrapur

Bahadurpux

Jano=mano

Scason 28%l€5$5 Phyto~ Zoo Phyto - Zoo Phyto- Zoo
(h)
1200 0,304 37,720
1600 7,560 26,334
Wintexr 2000 1,835 10,380
0480 2,052 27,702
0800 10,000 42,460
1200 P - 949 16 39 26
1600 30,970 2,250 ,993 164 2,163 201
Batar 2000 60,390 15470 4,617 26 152 240
2400 31,020 1,500 1,802 221 52 64
0400 16,170 1,554 832 1250 52 100
0800 ~— - 326 190 - -
1200 4,746 452 2,651 663 .684 16
1680 25,544 172 gg4 663 2,235 1,224
Hathng: 2000 14,444 123 1,480 148 3,264 3,052
2400 1,03,896 #50 Sy 08 198 224 560
0400 92,128 1,110 1,200 200 Nil 2,244
08bO 43,618 904 3,348 194 Nil 9,632




Table 58

Primary productivity in swamps

Name of Month Temperature Gross Primary_groé*ctivity
swamp (°Celsius) phnta§¥nthesis A A R Y M S
-fmg &) net gross
April 3z2.0 1.9 148.437 99521
May 3025 Jevd 109,375 281.25
Judy 29.75 0.6 46.875 . 11,458
A :
BahadazDRE Sl i 29.5 1.1 85.937 23.437
September 28.0 0.8 6255 46 .875
October S R S1 ! 531 .25 11 <815
February 175 B.9 281.25 166.56
Maxrch 290 1:0:3¢ 804 .687 710,93
April o0 15.5 1210.937 1210.92
May 30.0 10.6 828.125 T42.18
Balabadrapur June 34.4 6.4 500.0 500.0
July 32.4 3% 213,437 156,25
August FZed 53 414.062 2EH5T5
Sentember AT L 0.4 31 .25 28
October 24,7 2.0 156.25 dhw2a
T 4 June 32.0 0.2 15.625 23.437
sl August 29.5 0.4 31.250 11,458
Table 59
Nutrient content of bottom soil of swamps
Seasan Swamp Available Available Silicate
P2D5 1 Nitrogen - %
(mg 100 g~ ') (mg 100 g~ ')
E Balabedrapue . o 20080 . - .33.04 - o O & o
Wintexr Bahadurpur 22.25 24.36 49
Janamano 2a2h 55.44 67
Pod, Balbadrapur AR s T AD B 15
Summexr Bahadurpur 47.8 532 -
Janomano 2951 -

§.25




Table 60

Fecundity of H. fossilis

- e ——

Size of fish

514 length weight . Ovary weight Total mature
No . {mm) (g) (g) eggs
1 285 192,08 136 36,706
2 255 ST 12e5 20,391
3 226 74 .1 Pewbn 27,675
4 226 ! T19.08 12.3 20,069
5 240 67.0 Teld : 14,773
6 256 92.0 1B 1525953
it 251 84 .0 | F{BlR s 23,228
B 239 . 80.0 e 27,443
9 © 220 15.8 il 15280
Table 61

Body measurements of larvae post-larvae in the various stages
of development of H.fessilis

Measurements On 6-8 Days old
(mm) hatech- hrs. = - s '

ing old 1 2 3 4 5 10 15
Total length 22 3.80 4.60 550 5.70 5,80 6.680 T.50 1it. 900"
iggggﬁrd 2Tl § B A R BR e Ly () AR oy R i Snar A 8 R S Hla I o 51T 10.30
Length to vent - 2B 2RISR A0S AG NS0T FLAEN N E a0 4,80
kgggth of yolk 1.10 1.68° 1.10 1.00 0:90 0.80 =~ - -
Max.height of 1.10 1..00: 0,90 0.80 0.789 D.60 - - -
yolk-sac

Table 62

Index of preponderance of the diet of magur.

T — T —— T - A P B . B P S s NS+ = P A T Y . e i e et B - - o

Food items Postlarvae Juvenile (Adult
15 mm 16=30 mm 31-100 mm 101 - 357 mm

Crustacea 94,56 47.78 6.79 0.54

Dligocheta 0.11 19.41 1,085 0.02

Insects 0.06 19.14 BO.16 G2529

Fish - - 0.05 1.67

Plant matter - 0.03 1.41 9.64

Miscellaneous 55.28 13.65 10.55 25.83

e e . TS - - .







Table 65
Hypophysation of C. batrachus

Gk Broeclers E?rp. Breed ing Result Remarks
fensle mAla pituitary cnvironment
dose
(mg kg~ ) =
1973 4 8 100-200 i No response -
1974 16 18 80-200 PP & A Nil to profuse Weeds and
egg shedding, stone chips
Qgggsrtiliza- provided
1975 il 1 50-130 PP ‘6,600 eggs ~do=-
7 i 80-90 PF T2AEry -
1976 15 15 100 BP Nil to profuse Bottom
spawning ploughed &
manured
1977 17 it 120 BF & P No response -
1978 8 8 100 PP & A No response -
6 8 100 PF Noc response -
10 10 100 £ 156 fingerlings -
' (32 to 119 mm)
1979 21 21 100 BP A few young ones -
1980 32 40 30~-150 PP & BP No response -
1981 i5 27 80-150 PP; BR & P Sugckscs%rlpplng ilngs sarvgued
1982 28 38 80-110 P & PP No response Po%r fertili-
zation
1983 *3 6 40~60 BP Brey 20 fingerlings
(98-110 mm)
obtained
35 73 60-100 P Nil -
3 5 150-200 PP No response =
Fapd s S22 44 80 PP 550 viable eggs Died
subszaquently

P = Pond; PP= Plastic pool; A = Aquaria
BP = Breeding pit; PF = Paddy field;

* Fish injected with homoplastic glands






Table 68

Seed of alr breathing fishes landed in the markets in Bihar during 1981-84

PR Guantity in kg
Month District No. of Magur Singhi Murrels
markets (size range: (size range
40~124 mm) 80-130 mm)

B

November'81 Ranchi 15 0,300 Nil Nil
- Gumla a 5008 Nil Nil
August'B2 Ranchi 18 0.500 Hil Nil
-September'B82 Gumla 3 2.500 Nil Nil
November '82 Ranchi B it Nil Nil
Gumla 3 17.000 Nil Nil
March'83 - Patna g Nil 75,000 Nil
June'B83 W. Champaran 1 Nil 4.000 Nil
Darbhanga % Nil 18.000 Nil
September'83 Gumla 3 0.880 18.000 Nil
Ranchi 1 6.000 il Nil
. Singbhum 2 2.700 Nil Nil
October'83 Ranchi 8 20,200 Nil Nil
Singbhum 5 34.500 Nil Nil
Lohardaga 3 3,200 Nil Nil
Gumla 4 180.300 , Nil Nil
Singbhum 1 400.009 Nil Nil
(Hatgambharia) Nil
November '83 Ranchi 6 16 .000 2.000 Nil
Singbhum 6 60.000 Nil Nil
Gumla 3 125.000 v NIE Nil
Gumla (Simdega ii 37.500 Nil Nil
Sub=-divisian)
npril'C4 | Purnea 2 Nil 169.250 Nil .
Katihaxr 1 Nil 62.000 Nil
Saharsa 3 Nil 209.400 Nil
Darbhanga 1 Nil 24250 131.0
May'84 Darbhanga 2 Nil 1.700 Nil
Saharsa 3 Nil . 180.750 Nil
Purnea 3 Nil 111.6800 Nil
Katihazxr 1 Nil 88,950 350
Muzaffarpur 2 Nil 23.200 Nil




Table 69

Collection of air breathing fish seed from nature

Species Year Place of Collection Number Length range
collection source collected (mm)
C. punctatus 1973 Dharbhanga' Swamp and 25,358 12-20
District Paddy field
C. striatus 1973 ~do- ~do- 5,446 14-70
H. fossilis 1973 Saharsa and -do~- 1,688 90-200
Darbhanga
-do- 1978 Darbhanga ~do- 5,250 g0-150 -
District
~do- 1979 ~do- ~do- 5,000 90-150
C. batrachus 1973  Ranchi Paddy Field 360 90-150
District
~-do~ 197 ~do=- ~do~ 1,800 B0-2B80
-do- 1977  West Bengal -do- 23,442 112-225
—~do- 1978 Ranchi ~do~ 7,000 100-200
-do~ 1979 West Bengal -do- 1,509 90-200
-do- 1979 Ranchi -do- 3,000 90-175
~do= 1981 Jaispur (MP) ~do=- 2,760 109-147
A. testudineus 1973 Saharsa and Swamp, Mrshy 285 30-127
Darbhanga land and
Paddy field
Table 70O

Seed produeed by induced breeding of singhi, magur and kawai

SRS

1974

Fish 1973 1975
Singhi 5,000 5,000 3,500
(12-15 mm) (20-30 mm) (30-68 mm)
Magur Nil s 357
(20~5T7 mm) (15~45 mm)
Kawai 9,000 10,000 10,000
(15-20 mm) (10-12 mm) (8=9 mm)




Table .71

Feeding propensity -of kawai on Anisops

e

Group No.of x length x weight X No. of Total weight . Concump-
fish of fish of fish Anisops of Anisops tien (%)
(mm) (g) consumed consumed by . body wt.
by fish fish of fish
= -1
day (g day- ")
I 8 3.66 .98 21 0.315 15.9%
I1 8 4.95 3.29 31 0.465 19.7%
I1I 8 S s 3555 38 0.570 16.1%
1V 8 13.10 36.3 423 1.845 5.0%
v 8 1353 37 130 1.950 5.2%
VI 8 13.15 37..5 152 2.280 6.1%
Table 72

Feeding experiments with kawai on clops

S1. Density of Survival of spawn Survival of spawn
No. Cyclops, 1 (size range 5 to (size range 6 te 9 mm)
water 7 mm) in in
6 h 12 h 24 h 6 h 12 h 24 h
1 3000 9 Nil fil 14 13 13
2 1500 11 Nil Nil 12 10 g
3 750 22 22 16 25 23 23

REMARKS: Survived ones between 8 & 9 mm in length.



Table 73

Data on sced transportation

Snecies Numbexr Size Containcrs Time Mortality
transported capacity taken at the end
(volume of (h ) of journey
water used,
half of the
containers
capacity .,
H. fossilis 1,100 10-20 (mm) 15 L 10 2ieid
A 15208 < :25-30 8 12 1 1 20.0
4,225 10-50 " 12 A 1 33.0
1,200 20-50 ® 12X 1 6.0
1,834 07-35 " 12 1 1 48.0
58 | 9O-18.5" 120r 2 D
5,250 6.4 g(x wt,) 0.53 m 9 0
5,000 .@-g mo 40 1 10 Bl
6,000 14.7 g n 0.53 m - 6.7
. batedchus. 60 1020 wm D.53 m° 10 o
360= 10-15 " N2k 3 12 Bl
1,800 12.0 g(x wt.) ted m 42 74.0
7,000 S L i L 28 100.0
1,600 Ji=0gs 15 X 3 28 10.0
i 11 0 s 1 A B e 0.53 ma 8 0.3
657 S 8 B 0.53 m 3 9 Hoe
3,500 10.0 g " 1.4 5m 14 0.4
3,500 10.0g " 1.4 m 14 7.6
4,124 B.9 g " S 15 1 10 1.6
1,190 - 40 1 3 55 2053
2,700 = 0.53 m 55 5.0
67 7-8 mm 45 1% 3 A6 et
226 44-93 " 0.53 m 16 0.9
1350 895-123 = 0.53 m 15 ¥3.4
A. testudineus 164 3.0-5.0 mm 12 1 10 0
1,447 0.,6=2.5 n 321 1 Gt
1,050 0,6-2.0 n 12 1 1 9.0
L. punctatus 2,200 1.0-2.0 mm 12 1
C. striatus 296 5.0-7.0 mm L2 2 0
2,663 TRl 12 1 1 0

*under oxygen packing.



Table T4

Experimental data on productien of air breathing fishes in abandoned

nurseries
Expt. ; T‘ype of culturec SPBCiES X size StDCking Gross
No. (mm) density productien
I ha-1 (kg ha }
1 Monoculture Singhi 28 170,000 200
2 Monoculture Kawai 55 80,000 125
4 Mixed culture Singhi 130 40,000 524
Kawai. 83
4 Mixed eculture Singhi 90 70,000 1,200
Maguzx 105

Kawai




Table 75

Culture experiments during 1978-19084

Water arca (ha)

Sl  Species Stocking - Supplementary x weight (g) Survival Gross Cost of
No . lowation rat : Initial Final (%) Produ- production
e A O, : ha™ cation (kg=1)
1 0.04/Mithapur Magur and 25,000 RB, EM, BF 118 37.05 15 2,501 kg Rs. 6.45
fish farm, major magur in 8 months
Patna carps residual (magur's
stock of contribu-
carp seed tion 58.32%
2 0.03/Doranda Magur 75,000 RB el S G 82.57 2,630 kg ip " Rs. 7.36
fish farm, 772 months
Ranchi
3 B0/
Mithapur fish Magur 1,01,000 RB.FM/ 10.0 3532 78 4,2¥2 kgt Fn’ ‘Rset1.T5
farm, Patna PF 1:1 @8 3-5% 11 months
of body weight :
4 0.02/Mithapur H. Singhi 2,25,000 C.W.PF 1y a0&. 25 1556 1,397.5 kg -
fish farm, RP @ 10% of 8.7 2 years”
Fatna body weight
5 0.01/ Mithapur L. magur 80,000 Initially to 60 13.0 29 86.6 2,100 kg 1 Rs.12.44
fish farm, days PF & RB 130 days”
Patna (9:1). Then RB:FM
GOC, & M (5:3:4,7)
6-10% of body wt.
RB = Ry.. bram M = Mineral mix = [@wmanurc GOC = Groundnut cake
MOC = Mustard cake FM = Fish meal = Poultry feed



Table 76

Culture experiments carried out during 1976-1978

Place Water Speecies Sto?king rate Supplemental feeding Production

area ha™

(ha)
Phulwari- 0.18 Magur 55,000 Rice bran, mustard cake 170 kg of magur + 830 kg
sarif, and cattle dung € 3% of of carps, murrel? and
FPatna the body weight other f?shes ha™*",5

months™

Mithapur 0.02 Singhi 250,000 Rice bran, crushed The entire stock escaped
(Patna) ' molluscs, & cut -during the course of a

minnows doughed in
cattle dung @ 5% of
the body weight

heavy downpour. The
production otherwise at
80% survival would have
been 4400 kg ha=!

4 months~1







Table 78

Growth (X in g) of magur in cisterns through months

Month Cistern 1 Cistern 2 Cistern 3 ~ Cistern 4
Novemher'78 9.2 10.18 9.75 10.73
December'78 10.46 10.83 10.82 11.47
Januazy'79  9.90 9.92 8.95 10.00
February'79 $1.18 10.76 11.88 11.11
Mareh'79 12.94 12.42 $3.38 _ 12.59
April'79 18.28 16.46 15.23 15.97
May'79 238 - 122.99 24.70 25:15
dune'79 31.51 28.14 37.77 32.44
July'79 \33.24 28.50 39.47 35,80
August' 79 95,97 32.20 36.94 35,87
September'T9 36,23 33,54 39.78 40.96
Oetober'T79 7 e 3714 37.84 : 43,97
November!'79 39.19 40.19 40 .86 51.35




Table 79

Physico-chemical parameters and plankton of Ghorajan beel

Parameters Temp. pH Turbi- Free Do _ Alka%inity ND3 1 PO, Phyto- Zoo=-
C“Calsius) dity 602 (mg} )(mgl™") (_ ™g 1y (mg l“b plE?kton plinktun

(ma 1) (mg ) 2t (1Y)

February 20,2 T2 10 2.0 4 .00 48 0.07 ed 175 79
March 24,0 5 | 10 540 Fade 42 0.06 0.4 100 100
April 24.5 649 10 6.0 3452 40 0.07 {34 262 316
May 27.0 6.0 176 - 2.64 - 0.06 0.20 53 8
June 22,4 6.2 30 USRI I2.24 a0 0.04 0.24 55 11
6.4 10 12.0 o 1 96 0.06 0.06 68 415

July 31.0

Jable 80

Soil and water conditions of ponds at Ulubari Fish Farm, Gauhati

1

Soil(aveilable nutrients) mg 100 g~ Water
Pond “ S
pH N_(%) P_D K.O Organic pH Total Dissolved Free
2 258 2 L e
carbon alkalinity axygen COE i
(mg i=1) (mg 1-1) (ng 1)

1 6.6 0,097 10.0 175 1.8 7.0 54,0 10.0 4
2 700,009 42:0. 455 high R S 8.0 4
3 =0 ] T o IR sl 200 high Tl 56.0 10.0 6
4 i «2 B i R L SR i 1 98 high Tel 9448 10.0 4







Table 82

Diet of H. fossilis

(Size : 102-180 mm)

Food items Vi 0i Vi 0i Vi @i o 19090
< Vi 01

Euglena 0.64 0.94 _DﬂED 0.50
Synedra 3.60 5,64 20.30 1,68
Rotifer 4.03 3516 155145 1425
Diatoma 0.42 0.94 (539 0.03
Blue green algae 0.74 1.88 139 0.11
Algal filaments B.95 316 Il 0.30
Cyelops ; 4.24 9.50 40.28 3.33
Insects 2.65 T 119:..93 =l Bh
Nematodes 12,40 14.20 176.03 14.55
Semidigested insects 233 B.46 1T 1.63
' Chironomid 0.53 1.88 0.99 0.08
Fish scale 10.48 11.38 119.26 9.86
Bosmina 59 [ 3.76 4.40 0.36
Insect larvae 5] 3.76 6.39 0.53
Navicula 4.98 2.82 14.04 - 1.6
Cyclotella 1.06 2.02 2,99 0.25
Diaptomus

Debris 47.76 16 .00 764.16 63.16
nauplii 0.32 0.94 0.30 0.02

e o e T e T N R O g ST s

V.0, 1209.93

He
=
~

19x87



Table 83

Induced breeding ef air breathing fishes

'''''''''' M e T S Rl e el T R AT e s e TR e e i g
v Sets Sets dose (mg spawn Sets Sets dose (mg spawn sets sets’ dese Spawn kE
®8%  tried suc- kg='body produced Remarks tried suc- kg~ 'body preduced Remarks tried suc- (mg produ- Remarks
cess~ weight}! ; cess~- weight} cess-— kg—1 ced
ful full : ful body i
wt.)
1973 T 1 100-360 a few - 45 38 12.5-400 1 lakh - 14 4 85-200 10000 -
1978 S - - g2 66 i0 -100 1.65 ¥ 1) 10 80-204 14500
1975 8 nil 130-280 - - 75 65 20-82.5 T3 - 7 2 60-220 5200
1976 3 2 120-180 3,000 Died subse- 11 11 12-40 10 ) Given to 5 4 60-80 15400 used for
quently Assam stocklng
10T 3 1 50-100 300 Sent to 12 i1 10-25 25 i ' 8 6 60-80 f kh —-do-
' - Allahabad a
University
1978 21 7 50-80 3,569 - < - = - = ar it - < Z
D 19 10 5-10 6,000 - - - - - - 13 13 6-10 1.95 -
___________________ C e S s =R o e ST Ay S S | R R K S R (S
] O 6 5-15 350 Pond got e - - - - 29 14 50-180 1.35 stocked
A R e i BRI il e T (% T R e Rk b e G R A NI S s f o b 1L R PN
1981 38 30 5-15 * - - - - - - 55 50 50-180 15 5000 re-
ak 7
trieved
RERIRCS- " 5. - 1 (y ety e PR TR N sl s = e D ne TSR AR 10 b Sop I DA M 0 e e BN LB T o e S B 5 Y
1982 20 No.could - S 3 2-12 50,000 - 54 46 50-100 =~ -
not be ,
Lol o I A S cal B n e oaHEE - RO AT AR il S R S LR Rl e (BB e M0 e UR SR e s o el 11 D) Tk SNt &
1983 66 - 4-10 - - 12 12 £-5 C- spawn died B3 76 3-10
due to rise
in tempera-
_________________ | i B VAN L gL e i i e s R N o RIS s S R ER G e D SRR 0 TR e
1984 6 » 10-20 15-200 - - - - e 19 18 10 2600

..(20=25 mm) _

W e SR WSS Gme wEn wmis. Al B mES WIS ED WS WD S WED WD SME e W e S ww BT ek v we i e e R e S AAs  see W LS TN B mSS WS A meR e s v W Bwe mew  wam  wmm  aee e e



" Table 84

Oxygen requirement of 25 fry (2 to 6 days o0ld) of A. testudineys

1

Time (min) Oxygen consumption (mg 17 )
i 2 days! 4 days' 6 days'
old' old old
15 T 0 o
30 BafaL ol g g
a3 0.25 0.9 0.13
60D 0.29 a.13 0.38
75 0,25 0.13 0.38
o0 0.38 0,25 0.50
105 0.42 0.50 0.50

120 052 0.75 0.55




Table 85

iRearing of hatehling of H. fossilis, fed with matural and artificial food

Expt. No. of Composition of feed Uuantity % No. of x length of hatchlings (mm)
No. hatchllngs supplied of feed survival replicates Sl |
in volume given per
of water hatchling
({day=1)
5 2 3 4 5 6 Soa= iy 8
4 il Ciliates, Mastigo- 1,000 nos. 50 3 5.5 10
phores, Spirogyra (approx.)
and Microcystis
I g Ciliates, Mastigo- 1,000 nos. 64.3 3 5.5 10
phores and (approx.)
Mierocystis
1 17! Ciliat d al fdungR. 35.7 3 R 9
;] lilates an algae (Tlpprbx.) . -
e Ciliates and 500 nos. 5] 3 _ 548 1
Mastigophores (approx.) : :
iI 2 3= Dried prawn and wheat 0.025 g 28.6 3 5.5 9
2 1_1 Ceoked egg (1:1 0.062 ml 67.9 5 5.9 9
ratie) o Eo
10 1~1 Cepepods and 500 nos. 13.3 2 5.5 11
cladocerans (approx.)
r1r 10 e Egg yolk 0.04 ml nil 2 5.5 -
10 1'1 Egg albumen 0.04 ml nil 2 525 -
10 1-1 Cooked egg 0.04 g 46.6 2 Seb. 9
{(1:1 ratio)

Gontds e



1 3 4 5 7 8
NN Wheat flour and dried 0.1 g 62.5 10 13
prawn pcwder (131
ratio)
Vi o8 4% Wheat flour and dried 0.1 g 62.5 10 13
prawn powder
= (1:1 ratio)
y BT Cladocer 549 and (N 100.0 10 15
copepods
A ARE AR Wheat flour and fish 0.1 g 52.4 10 12.5
meal (1:1 ratic)
V. % 1.5 l'-‘I Wheat flour and drica 0.1 g 5121 10 13.0
prawn (1:1 catia)
4N s l_1 Wheat flour, fish Bl g i 10 12.5
meal and dried preawn
(12612 1 Tatio)
VI 5 gt Ehnepata land 0.4 1 12.5 10 16
-~cladocerans.
g 3" Wheat flour and dried 0.1 g a7 .4 10 13

prawn (1:1 ratic)




Table 86

Survival of A. testidineus spawn with different feeds

Feed items : Replicates  UQuantity of O R 0 o R

' 32391S?$§§i5d after after

10 days 15 days

Wheat flour (maida) 2 2 {012 ! nil
Rice bran 2 2 10-16 nil
Seyabean 2 2 8] suspended
Prawn powder 2 2 0 suspended
Zooplankton 3 100 1/ 62-70 48-58
(ciliate, mastigophores)
Cooked poultry egg 3 , 2 84-90 70-T74

e T P - .

(Volume of waters:s 5 13 No. of hatchlings l-1 water: 10 3 duration of
experiment: 15 days)

1/Number
Table 87
Monoculture of air breathing fishes

Year(s) Species Stocking Pand Culture Gross Net

dens%ty area period produm= production

(ha™ ") (m)* (months) ction (kg ha™"')

-1
(kg ha ")

1978-79 H. fossilis 300,000 150 5 6,947 5,86
1979-80 C. batrachus 80,000 ' 700 5 3,878 3,265
1980 H, fossilis 127,000 200 12 4,844 4,047
1980 H. fossilis 25,000 500 5 1,300 1,020
19€2 . H. fossilis 100,000 200 12 1,919 - 121 i
1983 H. fossilis 40,000 500 8 380 60 ; 4
1984 H. fossilis 25,540 500 T3 602 50 |

. —— —— = A BB | i L P A Ml Y e i L P

*Remarks: Poor retrieval and limited supply of fezed.



Table

B8

Mixed culture of air breathing fishes

Year Species stoeked Stocking Pond Culture Gross Net Remarks
density area period production pruduct?nn
(ha=1) (ha) (months) (kg ha=1) (kg ha™')
1576 A. testudineus 55,000 0.1 12 782.8 ~46 |
C. batrachus, H.fossilis i
T 20,000 0.1 12 1352 965 I
} Poor production
1 due to non-
1977-78  A.testidineus 43,000 0.07 6 742.9 710.7 I supply of feed
C._striatus i low retrieval
1978-79 C. batrachus 1,20,000 0.1 12 3,695.7 2514 {
H. fogseilis - [
1982 C. striatus 1,20,000 0.05 9 82.2 = e s |
A. testudineus i




ink
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3k ‘Yeaxr/Month

NO-

1 1983 Mazeh

2 April

il

3 May

4 August

&l September
6 1984 Janvary

T April

Murrel seed sollection during March 1983 to

Cxeak joining middle reachee
river Palair (left bank)

Middle reaches of river Palair
(left bank)

Greek feeding Kodada tank

Palair reservoix (north-west
edge

Palair' reservoir ( orth-west
edge)

Kodada tank (eastexrn side)

Kodada tank {(eastern and
western side)

Table 83

April 19084
Speeies No. of Total seed Length
broods collected range
(No.) {mm)
L. striatus 3 4,650 -
Lc striatus 5 5’990 -
L. marulius 1 3,325 -
L, striatus 2 2,110 30~50
C. stristus. 2 5,000 9-16
C. striatus 2 1,786 27-83
C. strigtus 2 6,232 23-30



Table 90

Induced breeding of air-breathing fishes

No.of Pituitary doze in

Year/species sets mg kg~! body weight Respdnse
m—2 female male

1976

L. batrachus 8 100-120 60-90 4 females released
eggs; not fertilized

H. fossilis 5 100-120 60-90 . 3 females released
eggs, not fertilized

19748 3

C. striatus 0 40-120 40-80 set responded; 1,000
fry obtained

1981 :

L. striatus 1 80 490 550 spawn obtained

i niie

10x07



Table 9%

Rearing of L. striatus seed in cement cisterns

— e mem men e s S s e e S M e S e S S mme e M e e e e e e e e W e e S e e i e el e e s L P e 0 S e S S

Initial size “Final size Survival 5 TR
Expt. Area Stock ST — - by eld thkg)
eriod length - 5 length x weight Actual % for the perioa
No./ of 5 Feed X weight (a) N ‘
Batch sist~ cist ha=" A range {g) range g as =
e e rearing tmm) (mm) Astual ha
(m2) (days)
1/A 13.5 500 0.37 1C0 Live tadpoles @ 30-50 1.0 112~-155 10.6 316 63 ST T AT 3,983
50 % body weight
for one manth,
later minced
traced fish @
20 % body weight
1/B 5.0 650 1.3 105 ~do- 40=-60 1.1 90-110 9.3 650 100 5.330 10.660
2/A S5+0 500 4.0 110 Minced trash 27-43 0.4 65-113 4.42 427 BS54 1 1.68F 308
fish @ 10 %
weight
2/B 13.5 700 0.52 110 Mixture of dry 27-43 0.4 57-69 .78 192 27.4 0.062 46

fish powder,

wheat flour,

bajra flour and
redgram husk
(3:1:1:1 ratio)

@ 10 % body weight

— o e . S eee S WS W SN e TER O WES s S SES WS e e e e e W S



Table 92

Growth survival and production of L. striatus when fed with dry
trash fish (area: 0.1 ha each; Period : 7 months)

i r Initial X size . Final x size , VYield Producticn
ate of (kg ) kg ha=!
stacking length Wt. No. length wt. Ne. re- S 9 -

T months
(mm) (g) sto- (mm) (g) covered
- kel = = e e m em e e e e e e e e e e e e
04-10-1980 105 9,5 250 420 350 95 33.25 3,325
06-10-1980 95 8,5 250 390 320 115 33.80 3,380

Table 93

Growth of C. striatus in ponds when stucke? at densities of
25,000 and 50,000 ha™

. e - e wdm SR fmm e U vam e b R S e e mme S mas e e M e e mmm Sma Lem was T Cw rmw e e s Awm e W e

Stoeking density: 50,000 ha! Stocking density : 25,000 ha'1

Date of

: X size A R E
PAGRRIG length weight length weight
(mm) (g) (mm) (g)
30-09-1981 95 6.5 65 6.5
15-10-1981 128 14.5 145 2055
30-10-1981 138 22.5 185 50.0
15-11-1981 145 30.0 225 70.N°
15-12-1981 165 415 325 120.0
31-12-1981 175 52.5 385 ' 150.0
ink



Table 94

‘Culture of C. striatus in farm ponds

Stoeking

Initial size

Fimal size

Net yield (kg)

Expt. Arga. Dura- Feed % : i
No./ (m?) d-1 h -1 tion length x leng th Supvival ~fox fFi.EQ?i?d
Batch pon PO A (months) range weight range weight No. % pond ha
{mm) (q) (mm) (g)
1 400 250 5,250 20-07-83 9 Nil 80-126 6.4 233-388 182.4 014 baB i.953 2.4
27-04-84
2 200 316 15,000 15-11-83 5?2 Minced t12-455 18.6 137=379 184 .0 .255 84 42.883 2.144
268-04-84 trash fish
@ 20% body
weig ht .
3/ﬁ 200 300 15,000 O05-12-83 5 Minced 90-118 9.3 181-340 116.6 256 B85.3 27.D59 1.358
30~-04-84 trash fish
@ 20% bady
weig ht
3/B 75 150 20,000 O05-12-83 5 Dry fish + 90-%118 9.3 120-245 28.6 JBI 20 -0.537 -
GC + RB
(1:1:4) @
20% body
weight
3/5 75 450 20,000 05-12-83 5 GC + RB 90-118 9.3 122-154 18.0 {0 6.6 =1.215 -
(1:1) @
20% bady

weight




Table 95

Quantity of feed (in kg) given (menth-wise) in the derelict ponds

— e — — — — — — e o s e e mees e G M wwes e wAe S waS e s s O mem s e e e S e e

Month : and 1 (0.03 ha) . . Pond 2 (0.04 ha)
Dry fish Rice bran Dry fish Rice bran
January 19,250 - : 15,500 -
February 23,000 - \ 34,500 5,800
March 41,780 3,500 68,300 7,500
April 65,300 15,000 1320,000 30,000
May 68,000 5,000 -« 4,45,000 11,000
June - - 1,41,000 =
Total 2,17,500 23,500 5,24,300 53,500
Table 96
Growth of magur in ponds at Kalyani fish farm
gm0 S s e S s i e T S N s R e
Months length (mm) x weight (g) _length (mm) x weight (g)
range X range X
Januazxy 87-150 110 14.6 83-135 110 16.0
February 92-195& 113 29.3 92-160 123 20.2
March 146=224 184 61.0 149-195 170 48iva
April 167-257 214 97,1 145-210 182 62.6
May 178-262 220 111.4 . 193-268 ta2 1154
Table 97
Physico-chemical parameters of (ranges) water in the ponds
Pond Dissolved Free carbon Total Phosphate Nitrate
area pH oxygen dioxide alkalinity phospharus hitrogen
(ha) { 1 1 1
(mg 1 i (mg 1 ') (mg 17 ) (mg 17°) (mg 17 )

0.03 8.2-8.6 4.6 - T.4 ) 1S ST 1) 72.0 - 120.0 0.05-0,06 0.05.0,20
0.04 d.2-8.6 5,2 -12.0 Nil - 1.0 72.0 - 80.0 0,05-1,00 0.08~2.00



Table 98

Growth of magur in 0.1 ra pond

e e o s e e s Emm wmw mm e W e e NS e S e S mm W M e wme e e ety S e e

Size of fish

Month =
Length range (mm) x weight (g)
Februazy 90 - 120 1228
March 110 = 147 25.0
April 120 - 160 3500
May 140 - 220 54 .3
June 180 - 220 65.0
Table 59

Water quality of the pond during intensive culture (1978-79)

Month Temp. pH Free Dissolved Total Ammonia

(°Celcius) carbon oxygen alkalinity _
dioxidF 1 -1 i
(mg 17°) (mg 17°) (mg 17 ) (mg 1 ')
December 24,0 8.4 . d 0 20.0 8.0 trace
January 22.0 8.0 20.0 56.0 10.0 L
February 21.0 Yia2 nil 86-0 11.0 2
March 28.0 9.6 nil - 12.0 n
e April 30.0 T.6 39.0 156.0 Trace 7.4
May 32.0 6.3 28.0 180.0 10.0 8.1
34.0 8.6 nil 228,0 128 0.1
June 3.0 g.9 nil B 102 0.0
32,0 8,6 nil 300.0 4.6 .. .08
August 32.08 0.1 14.0 320.0 6.6 2ot
Table 100

Month-wise growth pattern of magur

Size of fish

Month Length range (mm) x weight (g)
March ' 100 - 165 ' 2950

April 110 - 185 v 30.0

May 135 = 210 60.0
June 155 = 240 02.0



Table 101

Water quality in:the semi~intensive culture pond

Month Temp. pH Dissolved Free Total Ammonia
3 Y. e
(1979) *Cel oxygen earbon silatinity
sius mg 1 dioxide -1
mg 17 mg 1~1 mg 1
April 30.0 9.8 B.4 —— 84.0 trace
May 31.0 7.6 y 18.0 174.0 trace
JLIT'IE’, 35-0 806 . - — —— D.G
Table %02

Length range and x weight of magur in semi-intensive culture pond

Month (1979) Length range (mm) X weight (g)
April 14158 = 185~ 30,0
May 14.5 - 230 58.0
June 17.0 - 235 86.0
July 20.0 = 25.08 107.0
———————————————— j“*“-ﬂ“_—“#"“-——_n’_—““-ﬂﬂ-ﬂ
Table 103
Physico~chemical conditions of the pond water
pH : 9.0 to 9.2
Dissolved oxygen (mg 1"1) g o 112
. Carbon dioxide (ie-n ) BBt 4.0
Total alkalinity ( " ) 115.0 to-125.8
ink



Table 104

* Growth pattern of singhi in a derelict pond

Month length range (mm) X weight (g)
April 100 - 135 12,1
May 130 - 145 14.7
June 110 = 170 15.4
July ess .s
August 130 -~ 175 38.0
September 190 ~ 230 40,0
Table 105
_____________ T T T T T 7 Tsomi-intensive Intensive culture
culture
Area of the pond (ha) 0.04 0.03
N. of fingerlings stocked 2,400 13,000
Rate of stocking He! 60,000 4,30,000
X weight (in g) of fingerlings 8.3 6.8
Period of rearing (months 1 9
Total fish harvested 2,345 10,950
%X weight (g) of the harvested fish 28.0 20.0
Production (kg ha"1) 1,642 7,300

e T I R L e T I e e T

ink
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: Tabke 40T

Water quality in the experimental cisterns

Range in water quality Total alkalinjty
Temperature pH Digsolved - (Ca Coaﬁ
(° Celsius) axygen (mg 17")
_____________________ L R LS R e
Winter 175 = 22.5 T.4 » 7.6 4,0 - 4,5 360.2 - 383.6
Summexr 26.5 = 29.6 7.4 - 7.6 4,0 - 4.5 360.2 - 300.6
Table 108

Experiments on the culture of magur in cement cisterns
(size : 1.8 mz), Duration : 5 months

W RS e e AR N e mms mms rem mmm WS WSS e RS S S N R e sww e e AR e em  eee mEm W WER WE WS S R e mme wme

G A X initial size x final size Net gain in
A - ; weight month™
compeeition length weight length weight
(g)

meal + ground

nut cake +

rice bran

(8s51:1)

The above +

veast granules {57.0 30.2 159.6 302 nil
Summer Trash fish +

G.N. cake +

yeast granules 134.4 157.7 132.4 24,97 92.0
ink
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Table 109

Specific activities* of diéestiVE enzymes in C. batrachus

' = Treatment ol |
Enzyme Natural diet dick 1 Aot Bl
Amylase 1,490 + 126,00 1,540 + 102,00 1,480 + 162,00
Cellulase 43 + 358 11 + ea2 289 & Jha
Protease 1,440 + 132,00 1,422 + 112.001 1,664 + 197.00
Lipase 380 + 45.10 302 + 44,95 391 + 44.07

— v SR w e S e S S S s mem vem s S m e e e Smm e S e wmm w

* % + 5.D. of 5 experiments

Table 110

Sub=ecellular localization of protease¥* from intestine of
C. batrachus

- - v e e e e mme mmy mE mme S e S S S e e e e e e Wem mms maw s wnm e

Sub-Cellular fractions Specific activity of protease
Nuclear fractions 0.015 + 0.0020
Mitochondrial fraction 0.154 + 0,0100

(10,000 x g)

Lysosomal fraction 0.260 + 0,.0099
(20,000 x g)

Microsomal fraction 0.031 + 0.0025
(1,05,000 x g)

Soluble supernatant 0.075 + 0.0030

— G — e e e wew we mmm e s Amm S s e e e e e e e S s s wms e

* \alues are + £+ 5.0, of 3 different experiments. Specifie
activity is expressed as 0.D.=-570 mg"‘1 protein h™".



Table 111

Effect of dietary protein level on the pratéolytic activity in
the intestine of C. batrachus '

————— 1 T ) P Sy o g

Trecatment - -

Enzyme 25.% protein diet 50 % protein diet 75 % protein diet
Total protease 0.45 + 0.5324* 0.6900 + 0.0260 0.770 % 0.0551**
Typism 0.009 0.0022" 0.1900 + 0.0400 0.160 & 0,0422
Chymotrypsin 0.003 4 0.0019 ~ 0.004 4+ 0,0015 0.003 +-0,0018"

— e s e s e e e e e e e e e e e S e e e e e S S e ey e S me e e S S

Values are x x S.D. of different experiments

* X value significantly different from that in 50 % protein diet
treatmznt (P<0.01)

** Not significantly different from that in 50 % protein diet treatment
P > 0.1)

Table 112

Purification of alkaline protease from intestine of C. batraehus
(fish fed 50 % protein diet).

Fraction Value Sp.acti- Total Total Recovary Purifi-
(ml)  vity protein enzyme cation

(& D.5T07 (mg) “activity (fold)
mg¢ protein (£+0D,
h'f) 570°h-1)

Crude extract 20.0 10230 30260 180.8 100,0 A

(post mito

chondrial)

30-70 % 0.69 0.69 38.0 26,22 84.0 2.3

ammonium

sulphate

frastion

DEAE sellulose  17.T 7.0 £.85 Ceaa. . qrie 60k

fraction (no.g8)

e e I ettt T S ——



Table 113

Ingredient combination, proximate composition and energy values
of experimental diets (protein level, 33 %).

- . e . e w me mm me s e wew SR e e e Em wmm s mms N R M e e e e s e s e an s

Composition § e
A B C B

Rice bran - 32.6 32,6 32.6
Groundnut cake -~ 32.6 32.6 32.6
Meatmeal - 32.8 - -
Fishmeal - - 3258 32.8
Offal containing , - Sy e - 32.8
dried blood :
Casein 30.0 - Pl o -
Gelatin _ 5.0 - - -
Dextrin ' 35.0 - - -
Starch, potato vl - - -
Cellulose a0 - - -
Groundnut oil 4.0 - - -
Liver o0il (cod) 4.0 - - -
Vitamin-mineral mixture 2.0 2.0 2.8 2,0

Total 100.0 100.0 100.0 100.0
Proximate composition
Moisture in pellets k) 8.5 7.6 8.1
Composition, % of dry-matter
Protein (actual) 33.63 33.56 32.76 32.77
Fat 7.70 7.85 15235 6.08
Nitrogen~free extract (N.F.B) 38.20 28.74 21.40 31.30
Crude fibre (C.F.) 15.20 15,03 14,89 11.67
Ash 521 14.02 23.60 18.18
Total Carbohydrate 53.40 44 .57 36.29 3297
Organic matter ST 85.90 76 .40 81.82
Energy values
Gross energy (Kcal/100 g=!) 417.42 383.17 342,35  317.68
P/E (mg protein/Kcal=l) 80.57 80.59 95.69 103.15
% Protein energy? 32.23 35.03 38.268 41 .46
% lipid carbohydrate energy 67.77 64.97 61.72 58.54

— — o — . — — e e o w—— e — e — e e e e e e e S e e e e S e e
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Table 114

Biomass gain (period : 120 days) and specific growth rates of magur

magut
Diet Initial final Biomass specific 1
number biomass (q) biomass (g) gain (g) growth rate
Diet A 100 207 107 B9
Diet B 105 246 141 1150
Diet C ) g 1 230 115 95.83
Diet D 110 187 T 64.17

— o — — n— v — — — — - e — w e s e e e e e e e S e e e e e e e e

1/ Specific growth rate = final wt. = initial wt. < 100
' no. of days

Teble 115

Feed consumption, feed efficiency (FE) and protein efficiency
ratio (P.E.R) in magur fed with different experimental diets

— o — v — o e e e s e e e e e e e e e e e e S e s o —

Diet Rate of > Total Feed Total Protein
number feed dry feed effici= protein efficiency
distri- consump- ency consump- ratio
bution -  tion (%) (PE) tion (%) (P ER)"
(%)
Diet A 4 480 4.48 161 .42 0.66
Diet B 4 504 3saf 169.14 0.03
Diet C 4 552 4.060 100.84 0.64
Diet D 4 528 6.85 170.02 0.45
F.E = dry wt. feed consumption . P.E.R = wet wt. gain
wet wt. gain g dry wt. protein
consumption



Table 116

P size and condition factor of experimental fish

B0 xnsi e SRR - o Bl aoala T
Diet weight length condition weight length condition
number (g) (mm) factor ¥/ (g) (m) factor

A 16.67 13,56 D.668 34.50 17.20 0.668

B 17.50 13510 0.670 41,00 14.96 1.220

C 19T 14.28 0.658 30.888 36,53 1.010

D 18.33 12.56 0.925 31.08 13,79 1.185

14 Condition factce = weight (9) . x 100

length (mm)

Table 117

Mean esize of C. batraehus under different doses of methyl
testosterone over a period of 107 days (hormone feeding
discontinued after 63 days).

X size of fish

dose of R .
mgthyl initial final
testosterone length weight length weight
(mg kg~ ped) (mm) (g) (mm) (g)
0.0 103.0 10.80 126.0 16.20
1.0 12,6 10.60 140,9 180.05
540 10%9.6 B LT A 13054 T [
10.0 110.0 10.65 122.5 13.85

ink
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Table 118

Weight gain, food conversicn, condition factor and protein
efficiency ratio (PER) of C. batrachus fed/methyl testosterone
supplemented diet for 107 days (hormone administration dis-
continued after 63 days).

with

Dose of methyl * weiocht Weight gain  Conversion Protein
testosterons gain over initi- ratio efficieney
(mg kg=1 feed) tg) al wt., (%) ratio (PER)

0.0 5.40 50,00 18585 0.26

1.0 7.45 70.28 T35 0.35

2&5 T+85 T73.56 7.85 B:35

5.0 4.35 40.47 1.2 <6 0,22

10.0 3.20 30.05 17.07 0.16

Table 119

DUSF Incorporation (cpm 100 mg"'1 fresh tissue)
fmg kg feed) TCA insoluble TCA soluble
0.0 270.0 Ja=8
i 1006.D 103.2
2 363.4 ¥ T
: 5.0 351.8 91.8
10.0 150.0 . 76.0
ink

Effect of dietary administration of methyl testosterone over

a period of 107 days on the incorporation of l-leucine~14 C (U)
into liver protein (hormone feeding discontinued after 63 days).




Table 120

Effect of different distary proteins on growth and
conversion efficiency of C. batrachus

— T S W WS N G e e WSS mew  wen e wmw  wme e e e e em S S S e e e e e s

Halver's Fishmeal Meatmeal silkworm oileake
standard diet diet pupae diet
diet diet
. Conversion 4.36 5.19 10.98 5% 31 39.67
ratio
PER 0.02 0.61 038 D.59 0.17
Specitic Bl 0.6 1.0 0.1
growth
Tate*

* Expressed as growth per day as percentage of body
weight (&€ ) according to the gquation

Wt = Wo (1+ o< )t
100

ink
5x87



2 Table 121

Effects of different dietory proteins on certain physiological parameters of L. batrachus

Halver's Fish_ meal Meat meal Silkworm g round ni't
diet diet diet pupae diet caks #iet

Intestinal protease 12.0 + 0.03 12.52 + 0.30 10.14 + 0.61 12.689 4 0.60 8.02 + 0.15°
activity e
(t.0D 570 mg protein h™')
Amino acid (lulycine—y1dg) 375.53+ 2.79 146.30 + 2.586 86.30 + 1.85h 166.24 + 3.03 13.78 1.36b
incorporation {mm.mg ) )
liver tissue)
Serum protein (g 100 ml_1) 4.014+ 0.04 4,04 + 0,0011 4,12 + 0.,0374 3.00 £ 0.2160 4.01 + 0.0838°
Serum Ca : p ratio 0.0794 0.0000 0.075 4+ 0.0041 0.056 + 0.0015 0.071 + 0,0009 0.053 + 0.0015°
Haemoglobin content 9.00+ 0.04 0.70 + 0,04 9.30  0.25 9.20 + 0.36 9.26 + 0.20°
{g 100 m1-1) | )
RBC count 1.53+ 0307 1.74 + 0.07 1.43 + 0.06 1.39 + 0.08 .27 + 0.06°
(X 10 6 cells mm=3)

T — —— — — — — — — —— — — v w— w— — w— man i — w— o— — — w— — w— — e w— e m— v wm— wmn e w— — e w— — e S e mew e e am e s wmm e wew e e

Values are expressed as X + S.E.

a = Differ significantly from other means in the same row (p< 0.1)
b = Differ significantly from other means in the same row (P 0.01)

X in the same row are not significamtly different

(9]
!

d = X in the same row differ significantly (p ¢ 0.05)



Table 122

Summary of haematological data on the catfish, L. batrachus
exposed to malathion

— i e e vmw s WA W S N D WS SRR MED SR s M SEE e e S G S W W i TR A S e e e W e e e T e

Exparimental_ Erythrncyge Total leu- Haemoglo- Haemato- Exythro-
group count (10_3 cocyte count bin (g . crit (%) cyte sedi-
cells. mm~ )  (No.of cells 100 ml~1 mentation _
mm~*) blood) rate(mm h )
Control 2.14 % 0.25 400 + 160 13.4 40.2 26.541.5 4.0 & 0.5
With malathion 1.37 + 0.80% 4800 + 200 12,6+ 0.6 21.041.5 4,0 + 0.5

— e — . — w— wEE W ame e W S el tom S s W e sa M W S W m e e G e S e e TR M W e S W e W

Results are expressed as ;;t S.D. of six separate determinations* P / 0.05

Table 123

Effeet of malathion on the composition of different whitc blood
cells of the catfish C. batrachus (Linn.

A e e IR e e e s B s s e AR e S e S v R G e Mam mam s e Ve S e M s W wmm S W e

Experiment Neutrophil Eosinophil Lymphocyte Nonocyte
group

Control 7.0 + 0.5 5.4 + 1.07 62,49 £ 467 25.2'% 2.18

with

Malathion L2 £ 1.08%% 19:0 3 1.39%% 52,8 % 3,72 18.5 2,08

e e e m— - wEm WD G e S e e G el G e Sma ww wmm e v rame e e et D e e e e e o

Results are X + S.D. of sixteen separa%e observations
Lol A o R 0 U T R

Table 124

Changes in certain serum parameters of C. batrachus following exposure
to malathion

Parameters s DR ERtnents . e L
control with malathionm
Total protein (mg m1~') 45.8 + 0.55 45.0 + 0.80
Total chlesterol (mg 100 m1~!) 428.0 + 28.8 470.0 + 40.0
Free amino acids ( Alg m1~1) 775.0 + 39.5 968.8 + 41.8*
Glucose (mg 100 m1~') 5256 % 2,9 89.6 + 3.5%

Values gre x + S.D. of six seperate determinations
* P 40.05
ink
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Table 125

Level of certain biochemicals constituents in liver of C. batrachus
exposed toc malation

Parameters Control Experimental
Protein (mg g-'1 wet tissue) 162.6 + 08.5 158.0 + 09.0
DNA Ui o et Fissus) 4,83 + 0.9T 4465 & 1.5
RNA (mg g-1 wet tissue) 9.21 + 1.10 8.30 + 0.88
Glycogen (mg g”1 wet tissue) 3.1 + 2.6 20.7 + 2.8%
Total lipid (mg g‘1 wet tissue) T4.0 £ 6.1 T6T - * 545
Phospholipid (mg g-1 wet tissue) J4.0 % 1B.9 50,20 & 12.B¥
Bhelio: ansd UG iEe et tesuo) 380.5 4 22.8 415.0 + 25.0

Values are X + S.D. of six determinations
s e TN 1

Table 126

1
Incorporation of l-Lysine-U- 4E into proteinms of liver from normal and
malathion treated C. batrachus : effect of increased dietary protein
administration.

System Dietary protein Incorporation : DPM mg'1 prote im
level (%)
Control 520 138425 4+ 52575
Malathion ‘exposed ' 857+50 « 45,00 »»
Control 1546.25 + 115.00
38.0

Malathion exposed 781.25 + 95,00 %=

Values are x + S.D.

** Difference significant at P . 0.001

ink
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Table 127

Mgz+ ~ATPase and Na —K1+ --Mg2+ -NTPase activity in the Mmitochondrial

Eraction from liver and eills of L. batrachus exposed to malathien

14

W e v e w wEE we e e w e  mme mm row e TR e mm mm R e wew  eww e e M eow mwe wem e W e i —

Enzyme activity ( A mol.Pi l}?erated, mg=1
protein h

System i T e e el et 5= T et il rd el et e e Sk e e
Mg++ ~ATPase N e -K1+ —Mgz+ ~ATPase
Liver Control 9.20 + 1.15 V2eha# 1.25
With“ malathion  5.00 + 0.78° 782 4 1.49°
Gills Control 15.58 + 2.00 ' 17.27 £ 1.84
With malathion  10.24 + 1.24" 11.02 + 1.29°

Values are X + S.D. of six determinations, P values : a - 0.01,
b £ 0,85

Table 128

Effeet of malathion treatment of the lysosomal enzyme activities in
gills and liver of C. batrachus

Enzyme Gills Liver
e 0% 2T :
Control with malathion Control with malathion
Aeid g 213.62 + 4.18 147.46 + 2.88%* 187.55 + 5.40 143.60+2.957)
phesphatase 9. (229,16 + 3.69) (151.40 & 3.41) (219,10 + 5.36) (157.23+4.00)

Paglncuran— { 3859 31,22  51.17 £ 1,587 47.00°% 2.20 56,204 .89°
= ( 40.35 + 2.70) (53.74 % 2.12) (49.60 + 2.65) (60.96+2.92)

Enzyme activity : g p-nitrophenocl liberated g prqtein'1 hi
Values are X + S.D. of six determinations.

Values in parentheses indicate the activity of enzyme after 0.1 %
surfactant (Triton x 1008) treatment.

P values : a /40.01

ink
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Table 129

Esterases from different organs of C. batrachus following exposure to

malathion
System Control With malathion
PNPA PNPP PNPA i
liver 0.854 + 0.072 1.024 + 0.087 0.577 + 0.041* 0.610 + 0.037*
Gills 0.092 + 0.042 0.086 4+ 0.037 0.852 + 0.033* 0.072 + 0.024

Serum 0.044 + 0.017 0.048 + 0.020 0.041 + 0.015 0.046 + 0.0159

Values are X 2+ S.D. of six determinations
& P/ 0.05

PNPA : p-nit;cphpnyl aeetate hydrolysis
PNPP : p-nitrophemyl prcpionate hydrolysis

_ Table 130
iffect of malathion exposure on microsomal drug metabolicing enzyme

activitics @f liver and gills of §. Datrschus (values are X & 3.D)

, ~ Oedemethylase* N-demethylase**¥ Cytoehrome P-450%%*

i . i ' L
Teeaiicnt Gills Liver Gills Liver Gills Liver
Eontrol 5.84  0.67 3.55 % 0.85 3.66 + 0.80 6.61 + 1.05 1.98 + 0,28 2.2740.55
With mela- 4 443,14 + 0.78 5.1541.2077
thion 7.68 % 1.72" 6.87 + 0.71 4.26 £ 0.92 9.85 + 1.21 x x

P values : # <0.05 : ## "<0.001

- -1

* n males p-nitrophencl liberated mg : protein h

**¥ n moles NCHO released mg-1 protein h“1

**% n moles mg—1 protein

ink
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Table 131

Total lipid content, composition and distribution of different
prospholipids in the liver tissue of C. batrzachus

— — — e m— e e S e S e s e s e S e e e e S e e e e S S e me e e G A e m—

— e e — s e s e e e e e e e e e we S e wen  Se wee e se  ee—

Unidentified phospholipid 0.66 + 0.15 0.74 &+ 0.12
at the base of TLC plate

Sphingomyslin : 1.90 + 0.22 1.48 + 0.30
Lysophosphatidyl choline 10.00 + 1.05 9.70 + 0.90
Phosphatidyl choline 46 .10 + 1.16 43.00 + 1.08
Phosphatidyl ethanolamine 34.00 + 1.25 38.50 + 1.30
Cardiolipin 5.40 + 0.90 6.00 + 0.81

— e e e e N e R wEm T wem e WS S M e S D M M SR s e wew e e SN e WD e SR PR S s e

Results are X + S5.D. of six separate determinations

o ATK
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Table 132

Fatty acid composition of total lipids of C. batrachus

Peak Nomenclature , Height Width Total Attenuation Corrected
No. of the at half area area
peak height 2 2
(em) (cm) (am™ (em®)
1 1230 0.6 0.1 D06 64 % A0 0.06
2 44 +'0 0.2 0.1 0.02 64 x {0° 0.02
LR 1.3 0.1 0.13 64 x 10° 0,13
4 16 : 0 0.6 0.2 0.42 64 x 1082 0.12
5 45 5 1 14.5 0.2 2,90 66 x 10" 2.90
6§ 1830 4.5 0.3 1.38 64 x 10° 1.35
¥ 18 e A e 11.6 0.3 3.48 64 x 10° 3.48
8. ‘d83i2m e 1.7 0.4 0.66 64 x 10° 0.68
9 18:3wa 0.8 0.4 0.32 = 64 x 30> 0.32
10 205 2 6 0.2 0.4 0.08 32 x 10° 0.16
$4° 20 ¢ Fw b 0.3 0.3 0.09 32 x 10° 0.18
ST S a.7 0.7 2.59 32 x 10° 5.18
13- 20 8w 1.5 1.0 $.50 16 x 10° 6.00
14 22 1 4w 6 1.2 1.5 1.80 16 x 10° 7.20
35 - 27 15w 8 0.40 1.4 0.56 16 x 10° 2.24
f5 9o h, 3 0.25 1.7 D.43 | 46 x40 1.70
17 72s 6w 3 3.9 1.8 3.96 16 x 10° 15.84

M e e e e . shm . S s TEE s e SEE M SEw TN SED SN e weE e SR wm e en MEE e wmw e S mee M e e o e
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Table 133

Fatty acid composition of total lipid? of C. batrachus following

exposure to 0.5 mg 17 malathiaon

Peak Nomenelature Height Width Total  Attenuation Corrected
No. of the at half area area
peak height 2 5
(em) (om) (em™) - (em™)
1 12 : 0 0.5 0.1 0,05 = 64 % 107 0.05
2 14 ¢ 0 0.8 0.2 046 | 64 % 40= 0.16
2 15 : 0 9.7 0.3 2i80" L &4 x 10° 2.91
4 16 : 0 7.2 0.4 598 64 % 107 2.88
5 16 & 1 20.00° 0.4 6.00 - 64 x 10° 8.00
6 18 s O 11.00 0.6 £.60 B4 % G- 6.60
7 18 : 146 12.80 0.3 EAD . 6A % AOC 6.40
8 Bk 2y 6 4.7 0.7 3.29 64 % 10° 3.29
9 18 ¢ 3 w 3 3.8 0.5 1,90 ° 32 x 10° 3.80
10 20 : 2w 6 1.2 0,8 0.95 32 x 102 1.92
11 20 3 3 w6 0.7 0.5 0.35 32 x 102 0.70
12 20 5 4 w 6 8.5 0,9 T.65 32 % 102 T.65
13 20 3 5 4 3 2.0 0.9 1.80 - 32 x 10° 3.60
14 22 S A w6 3.5 1.7 g9 tda o e 11.90
15 22 %5 w6 0.7 TR, S T 2.10
16 27 3 5 w3 0.5 1.5 TaTs s g2 0 1.50
17 vl -3 3.8 1.8 6.04 - 32'x 10° 13.63

—eem e e e e e o o s e e mme S RS e e e S o e e R e e O e mme S e e e e e S e e e e



Table 134 /

)

Level of s=rum constituents in C. batrachus exposed ta D.5;mg
Carbofuran for 30 days '

Values are X + S.E. of 6 determinations ke

T — e — o —— — e e e S wes e e G e e e e e e e e e e W e e e

Calcium (mg 100 ml~ ) 3086 + 0,240 3.06 + 0,230
Phosphorus {(mg 100 ml~ ') 45.16 + 0.328 48.52 +
Al'bumin .(g 100 m1™) 0.595 + 0.116 0.560 4+ 0.070

Protein (g 100 ml ) 3.62 + 0,170 3.56 # 0.170

e T T . T T T

a = significantly different from control, p £ 0.01

Table 135

Effect of 0.5 ppm carbofuran exposure for a pexiod of 30 days
on the Activity of brain Acetylcholinesterase in L. batrachus

Values are x 4 S.E. of 6 determination

System Acetylcholinesterase pctivity
(Mmool a etylcholine mg
protein N7

Control 465,35 % 7.51
Carbofuran e 360, @57
Carbofuran withdrawn for 15 days 462,45 X 4.07

— e = e e e e S WS e ey e e e e S WEE e e e e e e e emw s wew

a = Significantly different fron control, P ¢ 0.01

Table 136

Levels of ammonia in Serum of C. batrachus and in embient water
under mormal and carbofuran treatment (0.5 m l“,)For 30 days.

Values are X % S.E. of 5 determinations

Earbof¥ran Ammonia in Ammonia level in ambient
(mg 1 serum (g ml=')  water (mg fish~! {4-1)
0.0 30,0 + 2,40 3.0 £ 0.16
: 60.0 & 4.26 1,58 + 0.14°

e e e w—— e mm mm n  wmm  ee m S m w men we wees wmw wwm wes e

ink
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Table 137

In vitro effects of 0.5 ppm carbofuran exposure for 30 days on
biochemical charges in the tissues of L. batrachus

{ sach value is X + S.E. of 6 determinations)

e e S e mm e e s e s mmm M mn mew mEE e WSS e e SN GEE e e e S e e e S eE s swe e s e

Biochemical parameters/ Tissues Control Under carbofuran
(mg 1™1 for 30 days)

Mg®* -AT Pase* it 0.064 = 0.019 0.536 % 0.064°
Ma®, K* —AT Pase* Gédls 0.716 % 0.014 0.398 # 0.020°
Mg?t - AT Pase* Toal 0.910 + 039009 0.556 % 0.039
Na*, K* = AT Pase* Intestine  0.601 + 0.040 0.483  0.005
Glucose 6-Phosphatase* Liver 9.46 & 1.86 e R
Glycogen*#* Liver 39.56 % 1.86 27.08 % 0.66°
Glucose*#* Serum 81.05 % 2.0 89.76 % 3.60°

—— — e — w— — — e e e e e e s s e e e e e e S e e me m we wme

/g inorganie phosphate liberated mg t protein h=z

1. #:=
= mg J=' tissue

TER = mg 100 ml™" &erum
ap = 2001
bp =

L0

Table 138

Activities of alkaline phosphatage and acid phosphatase in liver
and serum of C. batrachus exposed to 0.5 mg 1~1 carbofuran for 30 days

Each value is x 3 S.E. of 6 determinations

Enzymes Control With carbofuran
Acid Phosphatase , Liver 2.8 & 0135 2,65 X021
/G g p-nitrophenol 1 |
rel?ased mg protein’ 1+ Serum 1.40 g 0.340 3.09 % 0.39°
it &
Alkaline phosphatase - Liver 0.333 ¥ 0.020 8.832 £.0.05
yeg p-nitrophenol ;
relﬁased mg prnteiﬁg:Serum 0.290 + 0.036 0'34612 D.Ddﬁb

he

ink
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Table 139

Activities of glutamate oxalacetate transaminase and flutamate
pyruvate transaminase,in liver and serum of C. batrachus exposed
to 0.5 mg 1~ carbofuran for 30 days

{Each value is x # S.E. of 6 determination}

Enzyme Control With carbofuran’
glutamate oxalacetate Serum 0.250 + 0.100 0.325 + 0.130°
transaminase (/‘mol
pyrgéte rele?sed mg* E - : b
protein’ h~) | Liver  0.033 + 0.030  0.838 + 0.034
gletamate pyruvate tran-= Serum 0.033 + 0.005 0.075 + 0.025°%
saminase (4 mol, pyruvate b
released mg  protein h~ Liver 0.493 + 0,011 0.516 + 0.014

ap 0.01
bp  0.001
Table 140

Enzymatic activities in intestine and liver of H. fossilis

fed with NPH supplemented diet
Lras en el e TR ekt T dury Liver Liver ala-
group urease : : : :
alkaline arginase aspertate nine amine
(mg .ammo- ( 2
%) phosphates n.mol. amino transferase
( /<g p~ urea) transfe- (n. mol.
nitrophenol) rase (n. pyruvate)
mol pyruvate)
Diegt = 1 233.11%6.31 40:&010.44 227.0450.0 136.0+13.0 408.0+12.0
Diet - 2  362.22+¢7.58 37.7240.12  196.0430.0 193.047.0  436.0413.30
Signifi- P < 0.001 R >0,01 P > 0.01 P »0.01 | |
cance
test)
RT/ink



Table 141

Effect of dietary NPN administration on blood urea and protein
free amino acid level in H. fossilis.

S e e e s wwn s e e s e s e v e e S s e e e e e mmm e G e e

Treatment group . Serum urea Serum total protein*
(Mg, m1=1) . (mg m1~1)

Diet - 1 165.0 + 14.1 42.5 + 0.53 '
Diet - 2 158.63+ 0.00 43,0 + 0.65
Significance test P >0.01 P 7 0.01
* Amino acid profile ( timol ml'1 serum) as determined by

Automatic Amonoacid Analyser (standard diet (Diet -~ 1)/MPN
supplemented dist; Threonine: 0.07/0+B85; Isoleucine:0.07/0.06;
le cine: 0.14/0.12; lysinc: 0,33/0,34; arginine: 0.16/0.19:
methionine: trace/trace; trytophang trace/trace; valine:
0.07/0.11; phenylalanine: 0.26/0.27; histidine: 0.45/0.36).

Table 142
with
Body muscle composition of H. fossilis deZﬁPN supplemented dist.

— e v — e e en S R S e e s et S e e e e S mmm v M e e mam e e e mam e e s

Composition of muscle tissue (%) Dry matter

Treatment Dry matter Protein Total carbo- Fat Ash
group hydrate
Dist = 1 29,0 66.62 22511 2493 6.34

s e wmm s smm s e s e e o e e e e e e e e S e e v R e e s e e e e e e



Table 143

Enzymatic activities in intestine and liver of C. batrachus fed with
NPN supplemented diet

: . E -1
Treatment Intestinal Tissue enzyme activities (mg proteins h )
group urecase intestinal liver liver liver alka-
(mg.a?mo- alkaline ~ @arginase aspartate line amine
e phosphatase tn mol amino transferase
(ug nitro- urea) transferase (n mol
phenol) ) (n mol. pyruvate)
buuibihl v S R Bl iy S B il pyzuuetell i S
Diet - 1 98.08 + 10.05 30.59 + 0.12 248.0 + 21.0 132.0 + 12.0 402.0 + 15.0

Die¥ = 2 198.74 + 3,30 32.87 + 0.12 207.0 + 10.0  87.0 + 8.0 364.0 + 16.8

Signifi- P > d.001 P Bt v R e P > 0.0 P > 0.01

éance

test

——— . -k ik PR s, i T i e e S o o S i - - e o e e g W
Table 144

Effect af dietzzy NPS admifdistration on blood urea and protein
free amino acid level in C. batrachus

e e T e v s TEE e S e S s e e e e e Gwee e swm A e e e s e mEa e eee e

Treatment group Serum urea Serum tatal protein* .
| (#g m1=1) (mg m1=1)

Diet 1 158436 + 0.90 42.1 + 0.24

Diet 2 161.70 + 1.25 44.€6 + 0.25
Significance test el o T o P - 0.01

* Amino acid profile (im mol. m1-1 serum) as determined by automatic
amina acid analyser (standard diet/NPN supplemented diet 3
threonine : 0.86/ 0.39; iscleucine:0.53/ 0.34; leucine: 1. 16/0 95;
lysine:1.,41/1.18§ arginine : 0.97/0.92; methionine:traceds e
tryptophan : traces; valine : 0.07/0.11; phenylalamine : 0. 26/
0.27; histidine : 0.45/ 0.36).

RTink
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Table 146
with
Glucose metabolism in L. batrachus and H. fossilis fedzpon-protein
nitrogen supplemented diet.

—— e e e e e e we s e S G e e e e e e S e e e e e e S e

Species Dietary Growth Blood glucgse Liver glucose 6 Phbsbhn
treatment |, (%) (mg ml™ ") tase activity ( mmol.
' P mg~ protein’h =!)
C. batrachus  Reference 79.39 36.0 % 2.0 157.0 + 8.60
diet ‘
NPN diet 57.38 50.0 + 2,0 - 534.0 + 4D.0%
H. fossilis Reference 19.51 37.0 + 1.0 454.0 % 54,0
diet
NPN diet 29,76 51.0 & 2.0 590.0 + 69,0%+%

* P £ 0.001 ¢+ %% P/ 0QO1

ink

4xB7 ' .
Body musecle composition of C. batrachus feqLNPN supplemented diet
e T naiiidn of muscls Tiasas % dey matter
Trg:;zﬁnt PRy nitel Protoin Total Fat  Aah

carbohydrate
Diet « 1 26,0 67.54 15526 GRb2: THeH6
Diet - 2 20.0 64.29 20.21 6.36 10.14
ink
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. Harvesting of magur (pond area

Table 147

0.1 ha; duration : 5 months) and singhi (pond area 3 0.04 haj

duration ¢ 6 months) under intensive culture.
el Rt A e T e R e e U e e SIS s e
i : : ' A Quantity Total & production
Species Perlc? 2 month No . X T tal 2ng & othor oxpoRimonts of fish produc- kg ha"'1 Survival
stocking - ) date No. Total :
weight weight : haxvested tion (%)
(g) (kg e (kg) (kg)
(kg)
Maguz 16.02.79 February 18 10 0.80 14:08:19 50 3.00 451 .20 785.64 7,800 in § 40 %
to months
02.04.79 Maxch 50 32 1,60 200879 =30 2.19
Aprid: 550 34 3 S0 s e e PR TR T Zis Bl
May f 400 43.9 17.56 05.09.79 20 0.50
June 4490 50 :224.50 10,09.79 20  1.00
July 500 49 .7 24.. B8 .09 79 20 1.00
August 600 50.0 30.00
I
6,590 3108.45 220 15.59
*‘_— R — -
Singhi 16.02.79 - 1,267 6.4 - - - 109.20 195.60 44B9BU in 94,8 %
to 6 months
20.02.79 !
nk



Table 148

Growth of A. testudineus fed on different compounded diets -

Biomass fish=1 _ Total Feed con-

Diets Tnitisf Final e growth Survival dry wt. version

5 (%) (%) feed efficiency

ge (g fish=1)

(g) 7
DEetVAREIEL 5T 10,088 A TG o 2¥ed 80 6.50 3:7:1
Diet B 8.251 10.479 2.220 27.0 90 T:129 332:1
Control B8.251 9.414 1.163 14.1 90 4.593 32951
(cow
mannuie)
ink



Stocking X weight
rate (

e 9)

m
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1 30
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Table 149

Experiment on paddy eum air breathing fish sulture (kharif, 1982)

Production of fish Paddy field Straw yield kg

kg ha=¥ in 30 dayss® kg ha™! dn 60 days ha=! in 60 days

without with without with without with
feed feed feed feed feed feed
159:4 375.0 1,039.20 3877.97 3928.57 4047 .61

Control kg ha=1

in 60 days
padty atbhw
1,794.64 3345.23
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25_-A. Comparative electrophoretic sseparation of serum |
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Plate 3. A haul of air breathing fishes

Plate 4. Collection of marginal plankton in a derelict tank
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Plate 5. Collection of plankton from the tank
bottom, using a Kemmerer sampler

Plate 6. Collection of bottom soil samples for
macrofauna, using Ekman dredge
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Plate 11. The stock of cage being sampled

Plate 12. Experimental basket cage being transported



Plate 13. Tagged murrel Channa marulius recovered
after 13 months (size: 454 to 504 mm)

Plate 14. Recovered tageed Channa marulius - closer view



Plate 15. Female Channa marulius being injected
with pituitary hormones for breeding
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