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In India, the major carps constitute the important food fishes and are culti-
vated in ponds. But in pond fish culture, considerable difficulties are en-
countered in obtaining quality fish seed for stocking purposes as these fishes
do not breed in ponds. Attempts made to induce these specios to breed in
ponds by injection of fish pituitary hormones have met with great success.
The technique developed has clearly demonstrated that it could be profitably
utilized for the large-scale production of fish seed. The success in inducing
breeding of carps has also made it possible to try experiments for the improve-
ment of stock by hybridization and selective breeding. A number of inter-
generic and interspecific hybrids have been produced by artiticial fertilization
of eggs of various species of carps injected with fish pituitary hormones. The
breeding as well as the hatching techniques have been described. The need
for the popularization and extensive application of this technique throughout
the country has been emphasized as it is hoped that by following the improved
technique it would be possible to produce millions of fish seed of the important
cultivated species so as to meet the great demand for fish secd in India.

IxTRODUCTION

Fish culture in freshwater ponds was practised in India as early as
350 B.C., thoughk on a limited scale. In the North-Eastern States of India,
viz. Bengal, Bihar and Orissa, particularly in Bengal, fish culture in ponds is
extensively prevalent as an age-old practice.

For pond fish culture, the species chosen in India are the ma]or carps,
Catla catla, Labeo rohita, Cirrhina mrigala and Labeo calbasu. 'The choice is
in consonance with the basic requirements of quick growth in confined waters,
non-predatory food habits and their general preference as food by the public.
But regarding ready availability of fish seed of these species for stocking
purposes, the choice leaves something to be desired. These cultivated species
do not ordinarily breed in confined waters. Breeding usually occurs in riverine
habitats and the fish seed is available in restricted centres during a limited
period of the year. Also, much difficulty is experienced and high cost in-
volved in transporting fish seed throughout the country. Moreover, the
fish seed as available in Nature is a mixed lot of miscellaneous species, almost
always containing a high percentage of predatory and uneconomic species of
fish harmful for survival and growth of major carps. Lastly, there is no

* Chandrakala Hora Memorial lecture, delivered on May 5, 1962, at Calcutta.

VOL. 29, B, No, 4
7B



CHAUDHURI : INDUCED SPAWNING OF INDIAN CARPS 479

certainty of a vigorous and healthy parentage of any collection of fish seed
from natural environment.

To surmount the above difficulties and also with a view to increasing
the rate of survival and growth of the cultivated carps for maximum produc-
tion in a body of water, investigations were carried out in the Pond Culture
Section of the Central Inland Fisheries Research Institute at Cuttack on
various aspects of fish culture in ponds.

The first prerequisite of fish culture is the availability of desirable variety
and required duantity of fish seed. With the extension of carp cultural
practices into many States of India, the dearth of quality fish seed is felt all
the more. Concerted efforts were therefore made by fisheries workers in
India to studyv the factors responsible for the spawning of carps in natural
habitats and also under semi-artificial conditions in ‘bundh’ type of ponds of
Bengal (Hora 1945).

Hamid Khan (1938) attempted for the first time to induce Indian carps
to breed by hormone injections. He injected Cirrhina mrigala with mamma-
lian pituitary gland extracts, but the attempt was unsuccessful. Since then,
no appreciable work was done in this line till 1955. Ramaswamy and
Sundararaj (1956, 1957) had carried out experiments on catfishes, Heterop-
neustes fossilis and Clarius batruchus, and succeeded in inducing them to breed
by hormone injections.

The first concerted effort to induce the Indian carps to breed by injec-
tions of pituitary gland hormones was initiated by the author in 1955 at the
Central Inland Fisheries Research Sub-station, Cuttack. In 1957, it was
possible to breed the majority of the principal varieties of Indian carps by
pituitary hormone injections (Chaudhuri and Alikunhi 1957).

History OF PrrurtaRy TREATMENT IN PISCICULTURE

Before going into the details of the techniques followed in bringing ebout
the successful breeding of the Indian carps, it is desirable to make a passing
reference to the history of pituitary treatment in pisciculture. Tt is a well-
established fact that the pituitary glands of higher vertebrates play an im-
portant role in the development and maturation of gonads. Studies on the
effect of hormones on the reproduction of fishes were all these years confined
to the use of mammalian and synthetic hormones only. These did not give
satisfactory results.

The Brazilian pisciculturists were the pioneers in using fish pituitary
gland for successfully indncing their indigenous fishes to breed by injecting
pituitary gland hormones (Houssay 1931; Ihering 1937; Fontenele 1955).
The Russians have also developed similar techniques in breeding sturgeons
(Gerbil’skii 1938; Kazanskii 1939). Since then a few other countries have
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also succeeded in making fishes breed by hormone injection (Hasler et al.
1939; Fugita et al. 1946; Pickford and Arz 1957).

Success, however, could not be attained in inducing breeding of the im-
portant Chinese carps which are cultured in China, Japan and all over the
South-East Asiatic countries. The Chinese carps, like the Indian major carps,
have similar breeding habits and do not normally breed in confined waters.
In India, however, as already mentioned, success has been achieved in inducing
the carps to breed by injecting fish pituitary extracts (Chaudhuri 1960;
Alikunhi et al. 1960). The method followed at the Central Inland Fisheries
Research Sub-station, (‘uttack, is discussed briefly in the subsequent chapters.

Fisa P1ruiTaARY GLAND

The pituitary gland of fish is a small body situated ventral to the brain
proper in a concavity on the floor of the brain-box and is connected to the
brain by means of a stalk. Like higher vertebrates, fish pituitary gland also
controls directly or indirectly a wide variety of physiological processes by
secreting a number of hormones; the most important ones being the gonad
stimulating hormones (FSH and LH) which take part in stimulating the
development and maturity of the sexual organs and induce spawning in fishes.

HorMoNE INJECTION TECHNIQUE

It is believed that the pituitary gland is most potent in fully ripe fish.
The glands are ordinarily collected from fresh, or freshly killed, fully ripe fish
for better results. It has, however, been observed that glands collected from
fishes preserved in ice for 7-12 days also give successful results. Usually
glands from the same species as the recipient fish are used, although glands
of other fishes also gave results.

The glands after collection are immediately preserved in absolute alcohol
and stored under refrigeration. Absolute alcohol dehydrates and defattens
the glands. The preserved glands are taken out before injection and weighed
in a chemical balance. The required quantity of gland is then macerated
in a tissued homogenizer with a little distilled water or 0-3 per cent common
salt solution. The gland suspension is then centrifuged and the supernatant
fluid is injected intramuscularly to the carp breeders. While preparing the
gland extract, usually no distinction is made with regard to glands collected
from the different sexes of the donor fish. Determination of exact dose of
pituitary gland to be administered depends mainly on the size and proper
stage of sexual maturity of the recipient fish. Besides, the potency of glands
also varies according to the time of collection, condition and stage of sexual
maturity of the donor fish and also on proper preservation of the gland
materials. The absence of any suitable method as to judge the exact stage
of maturity of the female fish from its external appearance seems to be the
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main handicap in standardizing doses of injections. Successful results have,
however, been obtained by administering 5-10 mg of pituitary gland (dried
for 2 min) per kg body-weight of the female and 2-6 mg of gland per kg body-
weight of the male,

Though the Indian carps do not breed in ponds, they mature in ponds.
For the induced breeding experiments, mature fishes are collected and stocked
in stocking ponds and periodic examination of the condition of fish gonad is
made. Artificial feeding is provided if there is scarcity of food in water or
the breeders are overstocked.

With the advent of monsoon the breeders are netted out, segregated sex-
wise and usually released in separate ponds. Identification of sex of the
breeders is much easier at that time. A male breeder is characterized by
roughness of the dorsal surface of the pectoral fin in contrast to that of
the female which is smooth (Chaudhuri 1959a). Besides, ripe males ooze milt
on slight pressure on the abdomen and fully gravid females have swollen vents,

Selection of good breeders is very important. Males with freely oozing
milt and females with soft, bulging, rounded abdomens and swollen vents are
selected for injection.

BrEEDING TECHNIQUE

Breeders captured by drag-netting are collected in hand-nets. They
are next weighed and placed on a soft cushion and injected intramuscularly
on the caudal peduncle through the meshes of the hand-net.

After the injection, the breeders are released inside a breeding kapa.
A breeding hapa is a rectangular cloth container with a cover, made of fine-
meshed mosquito-net cloth, and is ordinarily of 2-4 mx1-2 mx0-9 m in size.
It is fixed to bamboo poles in ponds or in the river. Usually two males are
put along with one female.

Spawning usually occurs within 6-8 h after the injection. If, however,
the fish does not respond, a second injection with a slightly increased dose
is given about 10-12 h after the first one. Very rarely a third injection is
given. Better results have been obtained in a large number of cases when
a small provocative dose was given to the female and after 6 h both the sexes
were injected and released together in the breeding kapa. The fishes ordi-
narily breed 3-6 h after the release.

HarcHing TECHNIQUE
After the fish has spawned, a sample of eggs is collected and kept in
the laboratory for observation. As soon as the embryo displays twitching
movement, the eggs are collected from the breeding hapa and transferred to
the hatching hapa.
A hatching kapa consists of an outer hapa made of thick-meshed cloth
(18 mx 0:9 m X 0-9 m in size) and an inner ronnd-meshed nosquito-net kapa
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(175 mX 075 mX 045 m in size). The inner hapa is stretched fully inside
the outer one and both are tied to bamboo poles in pond water.

Eggs after their removal from the breeding kape are measured with a
beaker of known volume and distributed uniformly in equal volumes to each
of the inner hatching hapa. While measuring eggs, two samples of known
volume are collected and taken to the laboratory where the total number of
eggs in each sample are counted and eggs examined to find out the rate of
fertilization. From this, the total quantity of eggs and the percentage of
developing eggs are estimated. The incubation period of carp  eggs is
14-18 h at a temperature of 24°-31° (. Hatchlings escape to the outer
hatching hapa through the holes of the mosquito-net cloth of the inner
hapa. The egg-cases and bad eggs are left out in the inner kapa which is
removed when all the eggs have hatched out.

On the third day after hatching when the yolk is almost absorbed, the
young fry start feeding. They are measured in small perforated aluminium
cups and stocked in nursery ponds. :

WATER AND CLIMATIC CONDITIONS

The range of temperature in which the fishes spawn is 24°-31° (.
Spawning occurs both during the day and the night and both in clear as
well as in turbid waters. Cool rainy days have been observed to be more
conducive to spawning. Hatching hapa is preferably fixed in clear water
for better survival of hatchlings. Thick algal bloom is harmful to eggs and
hatchlings.

REsurts

Analysis of the results of the experiments on induced breeding of carps
shows that success in 60 per cent of the cases can ordinarily be achieved. In
a few cases negative results are obtained when the selected female breeders
are not in the proper stage of maturity. TFailure on many occasions is due
to sudden rise of temperature and adverse weather conditions. In the
majority of cases of successful spawning, fertilization occurs in over 70 per cent
of the eggs, the maximum achieved being 99-5 per cent.

The largest fish so far bred was a Catle female weighing 14-5 kg. The
breeder laid about 20 lakhs of eggs after one injection, 70 per cent of which
hatched out. The maximum number of eggs laid by a Rohu (4-08 kg) was
15-56 lakhs and by a Mrigal (476 kg) 11-64 lakhs.

CommerciaL Fisa Segp PropucoTiox

Results of the last few years have definitely shown that the method
could profitably be utilized for the large-scale production of fish seed.
Millions of major carp spawn have been produced. During the fish breed-
ing season, 1961, about a crore of fish seed of major carps Catla, Roku, Mrigal
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and Calbasu were produced by injection of pituitary gland extracts at the
Central Inland Fisheries Research Sub-station, Cuttack.

The cost of production of fish seed is fairly low. In a fish farm where
mature fishes are grown, pituitary gland materials can be obtained by sacri-
ficing a few ripe tishes. KEven otherwise, glands collected from fish markets
are not costly. The fish head after collection of gland could be returned to
the fish merchant for sale and only a nominal price is charged for the gland.

The fecundity of carps is considerably high. The fish seed requirements
of a fish farmer could easily be met if only one pair of each species be bred
satisfactorily. For instance, one Rohu female weighing 2-72 kg was bred
which laid 5-84 lakhs of eggs. 92 per cent of these hatched out and
4-7 lakhs spawn were obtained for stocking. 1In a properly managed nursery
the expected survival within three weeks of rearing should be at least 50
per cent. That means, 2-:35 lakhs fingerlings are expected. The minimum
selling rate of pure stock of major carp early fingerlings is Rs.10 per 1,000,
In terms of money, 2:35 lakhs of fingerlings would fetch Rs.2,350.

SvccEss oF INDUCED BREEDING EXPERIMENTS IN VARIOUS STATES

Importance of the induced breeding work was realized by the Central
as well as by the State Governments. Immediately after the first success,
a short training course was arranged in this Sub-station by the Ministry
of Food and Agriculture for the training of State Officers and also for
Fisheries Extension Officers. A majority of the States responded and officers
were sent for the training. Subsequently, as improved methods were devel-
oped, a few more theoretical and practical training courses were conducted
for State Fishery Officers.

The majority of the States in India have met with considerable success in
inducing major carps to breed by hormone injections and have produced
spawn for stocking. In an attempt to attain self-sufficiency in fish seed
resources for the State of Assam, a special training course in induced fish
breeding for the Fisheries Officers of that State was arranged in 1958 and
extensive arrangements were made in 1959 for large-scale production of
major carp fish seed, in collaboration with State Fisheries, Assam. Five
centres were selected for induced breeding experiments and a total of ap-
proximately 40 lakhs of quality fish seed were produced. The usual practice
in Assam was to collect eggs from the small rivers. The operations used to
be very expensive and the percentage of major carp fish seed was very low.
Further work on the production of good quality fish seed in subsequent years
in Assam was very promising and it is hoped' that with concerted efforts
Assam will be able to become self-sufficient with regard to its local demand
of fish seed.
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It is also expected that in the near future the majority of the States of
India will be able to produce a large quantity of major carp fish seed to meet
- at least partially their demands of spawn.

ARTIFICIAL INSEMINATION OF EGGs

Successful results, however, have been obtained in stripping carp eggs
and artificially fertilizing them. Male and female breeders after injection
were caught at the right moment when the eggs could be easily stripped and
fertilized by the milt from the males. Preliminary experiments were very
encouraging and on one occasion more than 90 per cent of the eggs hatched
out and about 70 per cent of fry survived up to the fingerling stage. It
is hoped that with the improvement of laboratory conditions and better
facilities provided for conducting such experiments under controlled conditions,
artificial raising of carp seed will be possible in the laboratory in the same
manner as is being practised in trout hatcheries. Preliminary experiments
in this line have already been undertaken in the air-conditioned laboratory of
the Department of Fisheries, Orissa.

SELECTIVE BREEDING AND IMPROVEMENT OF STOCK

Hybridization is one of the methods for combining desirable cultural
qualities of selected fishes and raising hybrids of strains superior to the indi-
genous species,

Hybrids of better strain, more hardy and more resistant to disease,
have been obtained by crossing different species or different races of fish in
Russia (Gerbil’skii 1952; Kazanskii 1953) and a few other Western countries
(Baldwin 1956). Success in inducing breeding of Indian carps and fertiliza-
tion of their eggs by stripping has made selective breeding of carps by hybri-
dization possible. This has opened a new avenue of research with immense
potentialities for the improvement of present stock.

Preliminary attempts made in the line had been highly successful (Chau-
dhuri 1959b). Thirteen different hybrids could be produced by crossing
carps belonging to three genera and seven species. In addition another
hybrid was obtained by crossing common carp male with Rohu female (Ali-
kunhi and Chaudhuri 1959). It is interesting to note that the majority of
the hybrid species, including the intergeneric ones, have developed fully
matured gonads. One of the hybrids was injected with pituitary hormone
and bred successfully. Young ones of the hybrid are being grown in the
ponds.

ConcLusioN

Success in inducing major Indian carps to breed in confined waters by
injection of fish pituitary gland hormones is an important landmark in the
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history of fish culture in India. It has revolutionized the age-old practices
in vogue and has provided vast scope for the development of pond fish culture,
not only in India but also in other Asiatic countries where fish culture is
practised more or less on the same lines as in India.

With further improvement of the breeding and hatching techniques and
standardization of doses, it would be possible to meet to a large extent the
requirements of quality fish seed in this country. The method is a simple
one and can be learnt by the private fish culturists with conscientious effort.
For popularization of the technique, sufficient number of demonstration
centres have to be started all over the country with the help of the Fisheries
Extension Officers and Fisheries Officers of the Community Development and
National Extension Services.

The need of artificial production of fish seed will grow tremendously in
the near future as there is every possibility of scarcity of fish seed in the
natural habitats. With the rapid industrialization of India, large numbers of
factories are being established and consequently large quantities of factory
wastes are also discharged into the rivers throughout the country. These
factory effluents pollute the waters and adversely affect the riverine fisheries.

Besides, construction of dams across many rivers in India have restricted
to a large extent the spawning migration of fishes and brought about consi-
derable changes in the environment and natural spawning grounds of many
fishes, thus depleting the fishery in those waters.

Lastly, the frequent natural calamities brought about by flood in most
of our rivers during monsoon months are affecting spawn collection from
rivers considerably. Embankments constructed across many rivers to pre-
vent flood have also destroyed many natural spawning grounds of carps.

Considering the above adverse factors, it is apprehended that in future
the riverine fisheries will be impoverished more and more and the chance of
procuring sufficient quantity of fish seed from those areas will be remote.
The need for depending on the artificial breeding of fishes will be felt all the
more.

In conclusion it may be suggested that more emphasis should be given
to develop the technique of induced breeding of fish and popularize it all
over the country, because of the fact that the first and foremost prerequisite
for successful intensive fish cultivation and development of Inland Fisheries
is an assured supply of pure quality of fish seed. This method should profit-
ably be utilized in making the important economic estuarine varieties of
fishes to breed and obtain seed for brackish water fish farming.

The experiments so far conducted have been highly encouraging and
have shown great promise for further research. Concerted efforts are being
made to perfect the techniques, and it is believed that earnest endeavours
and co-operation from all quarters would lead to the production of fish seed
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of desirable varieties on a commercial scale to meet the great demand for
fish seed in India. Development of fisheries in India depends to a large
extent on the successful solution of its great problem of scarcity of quality
fish seed for stocking all her cultivable inland waters.
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