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INTRODUCTION.

The common European carp, Cyprinus carpio, is extensively cultured in ponds in certain
countries of Europe and America and has become so domesticated that it can be induced to
spawn under entirely artificial conditions. The collection and distribution of its eggs and
fry, therefore, do not present any difficulty. In India, on the other hand, the principal varieties
of carps, such as Labeo rohita, Catla catla, Cirrhina mrigala, Labeo calbasu, ete., that are being
farmed, do not breed in confined waters and, therefore, the collection of their eggs, larvae and
fry from the breeding centres in the rivers, and their transport to all over the country present
many problems of exceptional difficulty. In order to procure a more dependable and easily
accessible supply of fish seeds, it is necessary to understand the spawning behaviour of the
indigenous varieties. In view of the efforts that are now being made by the Central, Provincial
and State Governments to augment the supply of fish through the culture of inland waters,
the Council of the National Institute of Sciences of India authorised me to arrange a Symposium
on the ‘Factors Influencing the Spawning of Indian Carps’ so that in the light of the discussion
that may follow experiments may be conducted for bettering their spawning grounds and
thereby solving the seed problem. This line of investigation is of particular importance for
those provinces and States where the spawning grounds of carps have not yet been located
and there is no regular fish fry trade. Even in a province like Bengal, it is urgent and necessary
that fish-seed supply should be augmented so that enough fry remained in the rivers to increase
the productivity of the riverine fisheries.

I wish to express here my grateful thanks to all those who have very kindly responded
to my invitation and have contributed their views for discussion at the Symposium.

May I avail myself of this opportunity to review very briefly some general aspects of the
subject for the benefit of Fellows and guests present here today and bring to your notice certain
records and observations which may help to stimulate a general dis:ussion of the subject.

CoNDITIONS FAVOURABLE FOR SPAWNING OF LAKE FISHES.

Hubbs and Eschmeyer (1938, pp. 30-32) in their work on ‘The Improvement of Lakes
for Fishing’ enumerated the following conditions which are found to be favourable to successful
natural reproduction of lake fishes:

‘(1) A water level stable enough to avoid drying the eggs or fry, or subjecting them to either abnormally
shallow or deep waters.

‘(2) A water level which covers the spawning grounds to a proper depth, whether these grounds be gravel
bar, & bulrush patch or & marsh.
‘(3) Favourable chemical conditions in the water covering the spawning beds, particularly a high content
of dissolved oxygen.
‘(4) Relatively constant temperature, not rising high enough to harm the eggs and not dropping low

enough to kill the spawn or to drive the fish off their beds before the spawning or the guarding of the eggs
is completed.
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‘(51{ Temperatures low enough or high enough, depending on the species, for the fish to spawn
normaiiy.. ...

¢ (G)yWaters relatively free from smothering silt, whether caused by waves and currents, by motor boats,
or by wading. A coating of silt is harmful to fish eggs.

‘(7) Spawning beds relatively free from disturbance, by motor boats or bathers. . .. .

‘(8) Protection from fishing during at least the height of the spawning season. . . ..

‘(9) A sufficient area of the proper bottom material for the depositing of the eggs, at suitable depths
and in places adequately protected from wave action.’

Though the above-mentioned nine conditions favourable for spawning refer to lake fishes,
they may serve as yard-sticks to elucidate our problems which are more or less similar. *There
is considerable evidence to indicate that when a variety of spawning conditions is available,
the fish which are “ripe” instinctively select spawning sites which are not only well suited to the
needs and preferences of the adults, but are also well suited to the development of the eggs
and to the survival of the fry as they are hatched. In any event, the basic instincts and habits
of the fishes need to be known and considered in any management programme which is apt to
be effective in bettering the spawning conditions.” (Hubbs and Eschmeyer, 1938, p. 98.) It
should be borne in mind that the strong instinct to reproduce is often satisfied even under
unfavourable conditions, but the fact that desired fish do spawn does not thereby prove that
the spawning conditions as selected are favourable or that a satisfactory hatch will result.
It should also be remembered that most species of fish are able to adapt themselves to a variety
of spawning conditions. For example, if streams are not available, species which are normally
stream spawners often spawn successfully in lakes, especially where wave-washed or spring-fed
shores provide conditions approximately those of streams.

REVIEW oF THE PREVIOUS WORK ON THE SPAWNING HABITS OF INDIAN CARPS.

As indicated above, the real breeding grounds of Indian carps are the rivers and so far as
Bengal is concerned a very specialised, extensive trade in the collection and transport of young
fry already exists. Besides the rivers, there are certain special Bundh-type of tanks, mostly in
Western Bengal (Midnapore and Bankura) and in the district of Chittagong, where fish breed
under semi-domesticated conditions after a heavy monsoon shower. During my tours in the
Sunderban of the 24-Parganas, I received reports from several sources that young of carp
are found in Khals (canals) in considerable quantity, indicating thereby that the fish must
have bred in this area. There is, however, no direct evidence on this point. Before I analyse
the factors common to the breeding areas of carps in Bengal, a few words about experiments
conducted in Bengal and Bihar to induce carps to spawn under artificial conditions may not
be out of place here. .

In his ‘Reports on the Results of an enquiry into the Fisheries of Bengal and into Fisher)

. Matters in Europe and America’, Gupta (1908, pp. 65-71, 94-102)
Conditions favour- .0 g very lucid comparative account of Carp Culture in the United
able for spawning of . . " .
European Carp. States, Bavaria, Bohemia and Bengal. In the case of Cyprinus
carpio, he observed that ‘Carp cannot be stripped, but the brood
carp are kept in the ponds for spawning’. One of the breeding ponds in Bavaria is stated to
be 200 to 300 square yards in size and about 3 feet deep. ‘A kind of soft grass is allowed to
grow in them which is mown about a week or ten days before spawning time and the soft young
shoots that grow up are sought by the brood fish to lay their eggs on.” The brood fish for the
next season are selected and males and females are put in separate wintering ponds having a
current of water.

‘In May, about the 28th (the exact date depending upon the weather), twa females and four males are
put in each breeding pond. The females begin to spawn generally within 24 hours and ordinarily seldom
later than three days. But if the weather suddenly becomes cold, spawning is retarded, and the best thing
then is to put the brood fish back again in the wintering ponds until the weather warms up. Owing to their
shallowness, the water in the breeding ponds is generally warmer than that of the wintering ponds in which
the brood fish are kept before they are transferred, and the change to warmer water forces spawning. The
water in the breeding ponds is almost standing.’

In still and sunny weather, when water reaches 60°F., the carps show indication for
spawning by jumping about. Thus Gupta found that

‘In Europe the carp is said to spawn principally in May and June, though, in some cases, the process
may extend several weeks longer. As far as can be ascertained, the same statement holds for the Northern
United States. In the Southern States and California spawning is apparently earlier, often beginning in April.
In the waters continuous to Lake Erie the height of the spawning season seems to be in the latter part of
May and early June. On the St. Clair Flats, it is usually a little later on account of the lower temperature
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of the water, which comes directly down from Lake Huron. This temperature difference affects the time
of spawning of other fish as well.’
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Texr-F16. 1. An outline map of Boengal showing the fish-breeding, ‘spawn’ and fry collection centres of
the principal Carps.

In the case of European carp, it will be seen from the above that besides suitable ground
Conditions favour- for spaw:nipg, temperature is the pripcipa.l faf:tor. So far as I am
able for spawning of &ware, similar temperature influence in spawning has been observed
Mahseer. in the case of Mahseer in the Teesta Valley (vide Mr. Langdale Smith’s
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TrxT-¥1¢. 2, Contour map of the Kurkuti Bundh or the Sukhna (dry) Bundh at Jogardanga,

- For the greater part of
monsoon. Mature carps are
spawn in the shallow area.

Midnapore.

the year, this type of Bundh remains dry and gets filled up only during the
then introduced into it for spawning. After a further heavy shower, the fish
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observations given below, p. 26). In the case of Mahseer, it may be stated with some degree
of certainty that, besides favourable spawning grounds, temperature is perhaps the dominant
factor in influencing the spawning of this fish.

Basing his recommendation on the experience gained in Europe and America on the culture
of Cyprinus carpio Gupta (1908, p. 100) stated:

‘But when special arrangements are made to induce the carp to spawn by providing suitable ponds and
by keeping the male and female fish separate for some time previous to spawning and only putting them
together on the approach of spawning time, the results in Europe have all along been most successful, and
it now remains for us to try the same methods here and observe the result of the experiment.’

If such an experiment proved successful, it was hoped that pond culture in Bengal would
undergo considerable expansion.

In 1909, Mr. A. Ahmad, Commissioner of Fisheries, Bengal, with the help of Fisheries

Experiments on Advisor, Dr. J. T. Jenkins, and his assistant, Mr. S. N. Das, carried

. out the proposed experiments at Narcoldanga in the Victoria Nursery

EE;:”.“‘“ g of Indian ¢y 8. P. Chatterjee. The tanks were prepared and the brood

fish from some neighbouring tanks liberated into them, but no young

fish were found when on the 12th and 18th August these tanks were netted and brood fish

recovered. Post mortem examination of the females showed that eggs had been discharged but

for some reason or other they had not been fertilised. Dr. Jenkins (Ahmad, 1910, p. 26)
ascribed the failure of the act of spawning to the following two reasons:—

‘(1) The tank is too deep. The heavy rains of the year had resuited in a material increase in the depth
of water. A maximum depth of 4 feet would have been sufficient instead of the estimated depth of 12 feet.

‘(2) The proportion of males and females should have been 2 to 1. The proportion of males and females
introduced might have contributed to the failure of the fertilisation of the eggs.’

Next year, the experiment was repeated at Siripur in Bihar under the supervision of -
Mr. Mackenzie with the proviso that brood fish were to be taken from the river and not from
a pond. New ponds were excavated about 3 ft. deep; males and females were introduced in
the proportion of 2 to 1; artificial food in the shape of wheat flour mixed with maize meal (Sattu)
in equal parts was administered, and the beds of the pond were planted with a variety of water
plants which offered considerable amount of food to the fish. These efforts also failed and
no fry were observed. Mr. Ahmad then opined that ‘there must be some other factors required
which should be investigated into now to achieve success in this direction’. Records show
that further efforts were contemplated but in the end the experiment had to be abandoned.

In 1917, Das reported the breeding of principal Bengal carps in Bundh-type of tanks in

. . the Midnapore district and later Ghosh and Ghosh (1922) described
Spawm;g (()ltharps N in some detail the breeding of carp in similar other tanks in Bengal
uneas. and Bihar. Chatterjee referred to spawning of carp in Bundhs in
1933 but a detailed description with figures of the breeding Bundhs was recently published by
Mookerjee, Mazumdar and Das Gupta (1944). Breeding of carp in similar circumstances was
described by Hamid Khan (1924) from the Punjab and by Mojumdar (1940) from Chittagong.
Observations of these authors have now clearly established the fact that carp could be made
to spawn in certain types of Bundhs. Two common features of the breeding Bundhs so far
studied are that (i) they have an extensive upland area whence, after a heavy shower, con-
siderable amount of rain-water, carrying soil detritus, floods them and (ii) they have extensive,
shallow, marginal areas to serve as spawning grounds for the fish.

Various views have been advanced regarding the factors that influence the spawning of
carp in Bundhs. Some have ascribed spawning to the gritty nature of the soil, but fish have
been found to spawn in paddy-fields on soft clay soil. Some have attributed spawning to
currents that may be produced in these Bundhs after a heavy rainfall but Das (1917) found
the fish breeding when ‘there was no current of any kind either flowing into the Reservoir
or out of it’. Mookerjee, Mazumdar and Das Gupta consider that for breeding of Indian carp
‘increased oxygen content of water is essential’. They also indicate that a vast and shallow
area is necessary before spawning can take place.

In more recent articles, Mookerjee (1945) has stated that mere replacement of old water
of a pond with fresh rain-water would induce the spawning of carps.

ANALYSIS OF THE FACTORS INFLUENCING SPAWNING OF INDIAN CARPS.

I have visited the carp-larvae collecting grounds in the river at Rajshahi during the fry
collecting season, have studied the contours of the breeding Bundhs and their neighbouring

7
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catohment areas during the dry season in the Midnapore district and have examined the layout
of the paddy-fields and Khals in the Abad areas of the Sunderban with a view to elucidating
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TEXT-¥16. 3. Contour map of the Talbandhi Bundh at Jogardanga, Midnapore.

The dotted line within the Bundh indicates the water area during February. During summer, this
Bundh retains enough water to accommodate an adequate number of brood fishes. During the monsoon
rains, the water rushing through an extensive upland area floods the Bundh and as & result the fish spawn
in the shallow regions. ‘The bottom of the Bundh is hard and gravelly.
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Outlet

TExT-F16. 4. Contour map of the Sitarampur Bundh at Jogardanga, Midnapore.
In its working, this Bundh is similar in all details to the Talbandhi Bundh figured on the preceding page.
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the factors that influence the spawning of carp in these situations. In the light of my observa-
tions, the result of the failure of experiments conducted by Ahmad and the data that have .
accumulated regarding spawning of carp in Bundhs, I shall now examine the nine conditions
enumerated above for the favourable spawning of lake fishes.

It is well known that Indian carp always breed after heavy monsoon floods, which are
much earlier in the Chittagong district than in Central and Western Bengal. For this reason,
Chittagong fry become available in the markét much earlier (April-May) than the fry from
Bengal proper (June-July to August-September). The intensity of breeding of carp in the
rivers is generally correlated with the intensity of monsoon rains. It is also admitted by all
that the fish require a vast, shallow area for spawning and the development of the fry.

If monsoon flood is the main determining factor, we must study very closely the effect of
such floods on the spawning grounds of carp. Keeping in view the conditions found suitable
for the spawning of lake fishes, the following may be noted as the resultant effects:—

(i) A heavy flood more or less indicates that the monsoon conditions have set in properly
and that a water level stable enough to avoid drying the eggs or fry has been
established in the marginal areas where the spawn is liberated.

(ii) The flood also ensures that the actual breeding grounds have been covered to a
proper depth,

(iii) Rushing waters after a torrential rainfall will also ensure a high content of dissolved
oxygen in the water covering the spawning beds.

(iv) It has been observed in a number of breeding Bundhs in the Midnapore district
that the temperature of water, in which the brood fish are kept, may rise
high but after a heavy shower the temperature comes down and then
the fish begin to spawn. For a considerable period after a heavy shower, the
temperature is likely to remain relatively constant, not rising high enough to
harm the eggs and not dropping low enough to kill the spawn or to drive the
fish off their beds before the spawning.

(v) The optimum temperature at which the Indian carps spawn has been observed to
be between 75° and 86°F.

(vi) Silt laden waters do not appear to be inimical to the spawning of Indian carp and
though the fertilised eggs sink to the bottom, the larvae hatch out within 15 to
20 hours and come to the surface.

In flowing waters, the eggs probably roll about and do not get covered with
silt while in Bundhs they are immediately collected and transferred to hatcheries.

The effect of soil washings draining into the Bundh will be to increase the
fertility of the tank and thus ensure the production of micro-organisms on which
the fry feed in the earlier stages.

(vii) In the marginal areas of the rivers or in flooded paddy-fields, there is practically no
disturbance to the spawners.

(viii) The migration of spawners to the shallow marginal areas lays them open to attacks
by enemies, including man, and it is highly desirable from the standpoint of
fishery management that brood fish should be carefully protected during this
period.

(ix) For an increased production of fry, it is necessary that the spawning grounds should
be improved artificially and that a sufficient area of proper bottom should be
made available for spawners. It has now been fully established that a pair of

spawners, if properly cared for and helped, would produce far more fry than a
battery of hatcheries.

From the above analysis of factors, it will be clear that a heavy monsoon flood is the primary
factor that influences the spawning of Indian carps, and that other topographical, chemical
and physical changes in the environment of the fish are entirely dependent on it. All these
changes are linked together as cause and effect so that some sort of a combination of all will be
necessary before the fish could be induced to spawn. In the Punjab, Hamid Khan found that
during the years when there were no heavy floods, the fish did not breed.

CONSTRUCTION OF ARTIFICIAL SPAWNING GROUNDS FOR CARP.

There is hardly any doubt that pond culture would undergo much expansion if carps could
be induced to spawn in ordinary ponds, but in view of what is stated above there seems hardly
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any possibility of this being achieved. An average pond in Bengal is suitably embanked and
has almost steep or sloping sides. There is no shallow, marginal area of sufficient size to serve
as spawning ground while the tank gets gradually filled up with rain or sometimes a small
adjoining area is drained into it so it rarely gets flooded. The fish in ponds develop gonads

apd become sexually mature but for lack of factors that induce spawning either the eggs are
discharged and not fertilised or reabsorbed.
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TEXT-FIG. 5. Contour map of the Bindu Bundh at Jogardangs, Midnapore.

The dotted line within the Bundh indicates the water area during February. This Bundh is situated
in the midst of extensive paddy-fields which almost surround it. During the monsoon the water from the
paddy-fields flows into the Bundh and the fish which are already there spawn in the shallow area near the
outlet. The bottom of the Bundh consists of soft mud.

The case of a Bundh-type of tank is different. It has an extensive catchment area and
after a heavy shower a considerable volume of water rushes into it and provides conditions
approximating those of streams, the natural spawning grounds of carp. A Bundh-type of
tank can be easily constructed in an undulating country-side and those who have seen breeding
tanks of the Midnapore district will recall several such suitable areas all over the country,
especially in the Punjabandthe UP. Dasand DasGupta (vide infra, p. 22) will tell you howby
artificially flooding a tank from a reservoir, they were ableto induce successfully the spawning of
fish in a tank at Radhanagar for the last two years successively. I think these breeding tanks
require more intensive study so that a set of instructions could be drawn up and made available
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to all Provincial and State Governments for the construction of similar breeding Bundhs. When
such artificial spawning grounds, hatcheries and nurseries are set up all over the country, we
shall have made a definite contribution to pond culture in India by stimulating the expansion

of an industry which has immense possibilities for improving nutrition and health of the rural
population.
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