OBSERVATIONS ON THE SPAWNING BEHAVIOUR OF CARP IN THE PUNJAB.
By Hamip Kuan, M .Sc., LL.B., Ph.D., F.A.8c., F.N.I., Warden of Fisheries, Punjab.

INTRODUCTION.

Observations on the spawning behaviour of Indian carp have been recorded from various
stretches of water during the last 20 years in the Punjab. As a result of these observations,
an attempt was inade to discuss in a paper, published in the Journal of the Bombay Natural
History Society in 1942, the probable factors which induce the carp to spawn under natural
conditions, and the possibility or otherwise of the spawning of carp in confined or semi-confined
waters.

The observations on the spawning of carp, referred to above, were recorded from the
tributaries of the rivers Beas, Ravi and Sutlej, and from the Departmental Fish Farm at
Chhenawan. It was from the latter place that some interesting results were obtained as to
the probable factors influencing the spawning of carp. This Farm is an old supply channel,
extending to a distance of 6 miles up to the river Chenab, where fish culture investigations
were started in 1923. A portion of about 2 miles in length is utilised for this purpose and is
divided into three ponds by bunds. Adult carp, Labeo rohita, Cirrhina mrigala and others,
had been introduced into the second pond, which during the monsoon received rain-water
through a storm channel and got flooded. Its water overflowed into the surrounding fields,
where fish coming out of the pond indulged in sexual play and laid their eggs.

During the last 22 years, the carp at Chhenawan have spawned five times only, i.e. once
in 1923, then in 1928, and 1929, 1933 and again in 1944. The observations on their spawning
recorded during these years are as under:—

SpawNING IN 1923.

It rained 2-65 inches on the 9th July. Though the rainfall was quite heavy, the water
level in the pond did not rise much. Water from the fields was flowing in a regular stream but
the fish were not rising. The channel was netted and no fish was caught. On the 10th morning
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it again rained 1-55 inches at 6 a.m. Soon after all the fields near the storm channel were
under water and the fish were seen playing and spawning there. At 2 p.m. all the fish returned
to the pond as rain had stopped and the water in the fields had gone low. The eggs which were
lying scattered chiefly near the ridges of the fields were collected and kept under observation.
They hatched out on the 11th morning. The temperature of the water was as under:—

Pond Spawning flelds

Date ' Remarks
Morning | Noon |[Evening|Morning| Noon { Evening

9th July .. 82°F. 84°F. 78°F. X .. ..
10th July .. 79°F. 79°F. 78°F. 76°F. 79°F. 78°F.
11th July .. 86°F. 100°F. 92°F, 93°F. | 102°F. { 104°F. | Small fish died in large

number in the fields.

Another heavy shower fell on the 23rd July in the morning and the fields got flooded in
the afternoon. But no carp were seen in the spawning grounds.

SpawnNing IN 1928.

A heavy storm came on during the middle of the night of the 24th July and by
the morning of the 25th the water from the fields was coming into the pond through the storm
channel. The temperature of the flood water at that time, z.e. 7 a.m., was 75°F. and it was
noticed that a few fish were playing about at the edge of the pond near the mouth of the storm
channel, but none had ascended the channel itself.

The rain ceased and the sun came out about 11 a.m. and the temperature at midday rose
to 92°F. and a few fish were seen in the channel itself. The fields in the vicinity had 1 ft. deep
water with a strong flow but no fish were seen therein. At 1 p.m. the water in the channel
had a temperature of 94°F. and a large number of fish, 30 to 40 pairs were playing in the channel
itself, The channel is about 200 yards long where it enters the pond up to the point where it
meets the fields. The water in the channel was about 2} ft. deep with a strong flow. On
either side of the edges were grassy banks forming here and there little bays where the water
was almost slack. Though the water was muddy the movements of the fish could be seen and
the spawners almost invariably went to the edges of the channel where the water was still
and shallow, and often more than half of the fish body could be seen above the surface of the
water. At this time the fish were not shy and did not mind the watching or moving about
within a few feet of them.,

A couple of females with 2 or 3 males in attendance were seen to swim to the edge. Then
one of them, probably the female, turned over on its side and lay thus for a couple of seconds
or 80 when another would swim up alongside. Thereafter both swam a short distance, bodies
pressed together and the tails slightly bent round each other. Thus they remained for about
3 seconds and then disappeared with tremendous splashing and churning up of the water.
The eggs extruded from the female and were immediately fertilised by the male before they
fell into the water.

About 2-30 p.m. the flood began to subside and the fish returned to the tanks. Two or three
females netted at this time were found to be spent-up fish. A large female was at that time
seen followed by 2 males and was successfully netted. It extruded ova to the first touch and
lashed out before it could be got near the basin and smothered a fisherman standing alongside
with eggs. It was easy to strip and its eggs were successfully fertilised with the milt from the
male, netted at the same time. Almost immediately the eggs began to swell and from the size-
of the poppy seed, they swelled to the size of good-sized pea.

The eggs began to hatch out in 17 hours.

Here was positive proof that the Mrigals (Cirrhina mrigala) could be stripped and their
eggs successfully fertilised provided they were taken at the psychological moment, when they
were ready to spawn.

SpawrNiNG IN 1929,

The first heavy rain was a little earlier than in the previous year. It rained 2-3 inches

.in the early morning of 17th July, and there was sufficient rain to bring in a good quantity of
water from the fields. But the fish showed no inclination to move out into the fields or even

into the channel, to spawn. During the previous year it had been noticed that the fish went
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up the channel when the water entering from the fields had been well warmed by the sun, and
wag some 8 or 9 degrees higher than that of the tank, i.e. 94°F. Both the temperatures of
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Graphic representation of rainfall during the years the carp spawned at the Chhenawan
Fish Farm,

the tanks and that of water pouring in from the fields on the day under observation was 86°F.
and as it was becoming cloudy the chances of the flood water warming up and of fish ascending
the channel appeared to be small on the 17th July. The water temperature in the tanks in
the morning had been 85°F. and of the water from the fields 78°F. By 3 p.m. the sun came out
for a few minutes and the temperature of water in the channel and the tanks was recorded
as 86°F.

Early next morning on the 18th, the fish ascended the channel in large number and played
on the grassy banks of the channel and laid their eggs, and at 7 a.m. millions of eggs were seen
as glassy beads all along the channel on either side. Actual pairing was observed, couples were
seen with their caudal portions in contact lying crosswise and splashing the water with their
caudal portions which were visible outside the water. This play lasted for three hours. At
10 a.m. one half-spent female Mrigal was netted. A slight pressure brought out all its eggs,
which were successfully fertilised by pouring over them milt from the male. They hatched
out in 20 hours.

It was astonishing to note that the temperature of the tank in the morning on the 18th
when spawning took place was 82°F. while that of the spawning fields was 80°F. ~ So obviously
the temperature or warming up of water had nothing to do with the spawning.
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SPAWNING IN 1933.

It rained 2-9 inches during the night hetween the 16th and 17th July, and the flood water
began to flow into the tank at 8 a.m. The fish responded to the flood immediately afterwards
and moved into the channel but did not lay the eggs. A female Cirrhina mrigala netted from
the channel at that time was found to contain hard and opaque eggs. It was at 5-30 p.m.
that the first pair of the fish was netted actually in the act of spawning. The female was half
spent and easily yielded its eggs, which were soft and translucent and were successfully fertilized
when mixed with milt from a male. The spawning continued during the night as well.

The temperature of the water in the tank before the flood on the 17th July was 78°F.
and after the flood it was 80°F. while that of the water where the fish actually spawned
was 87°F.

SPAWNING IN 1944,

Heavy rain fell on the night between the 25th and 26th July. Flood water began to pour
in immediately afterwards. The fish responded to the floods but did not ascend the channel
as it was not fully flooded. They were, however, seen early on the 26th morning indulging in
sexual play just at the mouth of the channel where it joins the pond, where water was shallow
and banks grassy. Innumerable eggs were laid there. The fish were also seen at the same
time playing near the extreme end of the pond near the intervening bund, where the pond, for
the first time, received flood water from an accidental breach in its banks. Tt was, however,
curious to find the fish playing in pond No. 3 on the other side of the bund. This pond also
received flood water, not through any channel but through an inlet in the bund. These fish,
were, as it were, spawning in close water not directly connected with any other stretch of water
with the stimulus of the flood water that entered the tank from the outlet in the intervening
bund. Large number of eggs were laid on the banks of this pond in layers 9 inches deep.
Temperature: 25-7-44: morning 80°F., noon 82°F., and on the 26th when spawning took place,
it was, morning 84°F., noon 88°F., and evening 92°F.

Analysis of water showed that the oxygen contents of the flood water were richer than
that of the pond water, i.e. 6 c.c. per litre, which is twice the strength of that of the pond water.
pH of flood water was 9-2 and of pond water 9. The water was alkaline.

During the remaining 18 years, the carp at Chhenawan refused to spawn, because in most
of the years the rain was either insufficient to flood the pond and the spawning grounds or not
in time. Insufficient floods in June did not stimulate the fish and the floods caused by rains in
August and September had no effect on the fish at all. In most of the years when the fish did
not spawn, the rainfall during the month of July was discontinuous and thus did not cause
sufficient flood to inundate the spawning grounds. In July 1930, for instance, the total
rainfall in July was 10-05 inches, but to prevent a breach in a newly constructed bund
the level of the tank had been kept very low, ie. 3 ft., and the individual rains did not
bring in sufficient water to fill the pond to its flood level, i.e. to 9 ft. The fish refused
to lay their eggs in the pond, though the flood water from the surrounding land during the
rains, had flowed into it, but was not sufficient to flood the pond and inundate the spawning
grounds. In 1938, it rained 3-8 inches on the 24th July, the channel and the fields were flooded,
but the rain had stopped abruptly and the temperature of the shallow water in the fields rose
from 76°F. to 96°F. in the evening. The fish, which had responded to the floods and had
entered the spawning grounds, returned to the main tank without laying the eggs. Again
in 1940, the rainfall on the 12th July was quite heavy, i.e. 2:2 inches, but before the pond could
be flooded, the rain had stopped. Subsequent rains in July, too, were insufficient to flood the
tank and the spawning grounds and the fish did not spawn.

PROBABLE FACTORS WHICH INDUCE THE INDIAN CARP TO SPAWN.

The study of the breeding habits of the Indian carp, both at the Fish Farm at Chhenawan
and in the tributaries of the rivers Ravi, Sutlej and Beas, seems to indicate that the probable
factors which induce these fish to spawn are the following :—

Rains.—The fish become ripe in May and June, and wait for the monsoon rains.
With the first shower in June, the fish in the rivers move up the main stream and enter the
tributaries in search of the suitable spawning grounds and wait for the floods. If there are no
rains or if the rains do not bring any flood, the fish whether in the tributaries of the rivers, or
in the creeks or in the ponds refuse to lay their spawn.
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Floods.—Whether caused by local rains or rains in the hills, floods constitute a very
important feature in the spawning of the carp. With floods in the rivers and its tributaries, or in
the ponds, the fish leave the main channel and ascend the inundated fields to lay their eggs in
shallow waters, which are quite suitable for the puny strength of the tiny fry that come out
of the eggs within less than 20 hours. It is, therefore, not surprising that the floods which are
insufficient to inundate the spawning grounds or are untimely, do not stimulate the fish to
spawn. Instinctively the fish will not lay their eggs in the main current, where water is too
deep, as the eggs which sink to the bottom will not have much chance to hatch out.

Temperature.—Rains and floods may induce the fish to ascend to their spawning grounds,
but they will not spawn if the temperature is too high. The fish have been observed to leave
the spawning grounds when the temperature rose from 76°F. to 96°F. The temperature in the
spawning grounds generally ranges from 75°F. to 87°F,

Chemical and Physical Factors.—In 1924, while recording observations on the breeding
habits of Mahsir (Barbus putitora), one of the migratory species of Indian carp, that ascends
considerable heights and traverses long distances to get into the hilly tracts for spawning
purposes, the importance of oxygen in relation to the spawning of fish and the development
of fry was greatly emphasized (Hamid Khan, 1924). In the case of Salmon, Roule (1914)
remarks ‘the habits of salmon are largely determined by the amount of oxygen dissolved in
water. During the spawning season salmon need the respiration intensified and therefore
select and ascend rivers in which there is satisfactory proportion of oxygen’. Crosswell com-
menting on this paper says, ‘Salmon are driven to seek the gravel beds of the upper reaches of
rivers, and trout the gravel beds of the lesser tributaries for spawning purposes, not only by
their natural thirst for oxygen or their need of it in intensified respiration, but that their desire
for the freshly aerated supply of water afforded by downward rushing mountain brooks, streams
and rivers is fundamentally associated with the need of oxygen in oval development in and
after spawning’. He supports his statement with conclusions drawn from Loeb’s experiments
on artificial parthenogenesis, where fertilisation was initiated and development carried to the
larval stage by means of cortical cytolosis followed by acceleration of oxidation in unfertilised
eggs of molluscs and amphibians. Loeb came to the conclusion that the essential effect of the
entrance of a spermatozoon into the ovum is also an acceleration of oxidation.

This ‘oxygen theory’ had to be abandoned, in the light of the facts that were responsible
for the failure of the carp to spawn at Chhenawan. The egg bound fish, although there were
rushing currents of water in August and September, when the rains were late, did not respond
Yo the oxygenated flood and refused to ascend to their spawning grounds. :

As regards other chemical and physical constituents of the flood water, analysis of water
from the spawning grounds and from the main stream during the breeding of fish did not show
much difference either chemically or physically. Moreover if it were chemical and physical
constituents of the flood, which were mainly responsible for the spawning, the fish at Chhenawan
would have spawned every year as the flood from the surrounding fields, caused by the local
rains, invariably entered the pond during the monsoon. But they did not do so. It was
only when the flood inundated the pond, or the channel and the spawning grounds that the
fish felt the urge to move out, play together and lay their eggs.

Endocrine secretion.—The sex-stimulating hormone of the anterior lobe of the pituitary
gland has been the subject of considerable research in connection with Mammalia, Reptilia and
Amphibia, but very little work seems to have been done on fishes. Cardoso (1934) studied
the relationship of hypophysis and sexual glands in the young and immature Pimelodus clartas
in 8. Francisco River (Brazil) and the results showed that the development of the sexual glands
is controlled by the pituitary. Injections of fresh extracts of hypophysis produced a big
increase of the sexual organs, and in mature Pimelodus sp. it was possible to induce ovulation
by daily injections of pituitary extract. Ihering (1935) obtained ovulation with injection of
pituitary extract on Astynax.

In the case of Indian carp, it has been possible to make the fish, kept in captivity, yield
its eggs readily on stripping by the administration of extract of anterior lobe of pituitary gland.
Artificial fertilisation of eggs thus obtained, however, by mixing them with milt from the male,
wasg not successful (Hamid Khan, 1938).

It has been observed, during the study of breeding habits of Indian carp, that when the fish
first enter the inundated fields, their eggs are hard and opaque, and it is only when they have
played together for a period lasting from 5 to 12 hours that their distended bellies become limp,
eggs leave the follicles, become translucent and flow out of the vent on slight pressure. It is
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on such occasions that a female can easily be stripped, provided that the fish is ready to shed
its ova, otherwise any attempt to press the eggs out, results in hard and opaque bodies, which
are often mixed with blood. It is therefore reasonable to presume that though rain, flood,
temperature and chemical and physical factors induce the fish to ascend to their spawning
grounds and stimulate them to indulge in sexual play, some internal secretion is responsible
for the ovulation and for change in the eggs that makes them translucent. The behaviour of
the carp seems to indicate that it is probably the pituitary sex-hormone which is directly
responsible for ovulation. The discharge of such hormone may be a consequence of some
meteorological phenomenon as rain, flood or other ghemical or physical environmental factors
(Hamid Khan, 1938).
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