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ABSTRACT

The present investigations were focussed on the various

breeding and culture aspects of the Commor Carp, Cyprinus carpio

communis L. and the Indian major carps; Labeo rohita carried out

at different altitudinal situations in Meghalaya State during
the ysars of 1977, 1978 and 1979. These sxpsriments included
breeding, suitability of different egg collsctors, rsaring of
spawn to fry, fry to fingerlings and fingerlings to table size
fish along with an year round experiment on composite fish

culturse,

The most efficient of the eqg collectors proved to be thse
Coconut fibre raft which was five timesg more efficient than the
Aluminium wire frame nylon net, 3.5 times than the Wooden frame

nylon flap and twice efficient than the aquatic weed.

Bassed on the breeding sxperiments conductad during the 3=
year period, the percentage of hatching in the different years
wers 62¢2% in 1977, 64.2% and 53.7% in 1978 for the two experi-
ments and 76.14%, 61.9% and 81.8% in 1979, The loss of most of
the fertilized eqggs and their hatchability were due to a fungal

infection caused by Saprolegniag which were seen to bloom in ths

rotting wesd sven from the very first day of egg incubation and
spreads to the unfertilized eggs specially at low temperatures.
However, in 1978 in addition to the fungal infection the low

hatching was also attributed to rain and hailstorm and the pres-~

vailing cold temperature {(14.5 to 19.5°C).

The rearing experiments on Common Carp were carried out

for the three year period {(1977-1979) in various combinations
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of habitats and feeding regimes. Further, these expsriments
relate to the rearing of the spawn to fry, fry to fingerlings

and fingerlings to tabls sizs.

It is very clsar at the present altitude in spite of thu
species differences the growth rate in the Common Carp fry is
certainly retarded about 3 to 5 times lesser since what is obta=
ined in 15 days at the plains is reached only in a mean period
of 75 days. Thus the faster growth achisved in the tropics is
due to much warmer temperature and whereas at Fish Dale farm at
5hillong the slow growth rats was mainly due to the prevailing
low water temperature in addition to the water having an acidic
pH range, low alkalinity and low plankton production. It may be
added that despite these somewhat adverse environmental condi-
tions along with low plankton production, the frys probably
survived subsisting mostly on the supplementary feed of rice
bran and mustard oil cake fed every alternate day, augmented

by weekly addition of nutrients manuring with cowdung.

The major advantages of rearimg spauwn in closed and fixed
nurseries (hapas) are that these are primarily predator fres in
addition to the maintenance of a fair degres of constancy and
fres from the influence of some of the physical factors such as
heavy rains and hailstorms which do not normally affect such
hapas as these are covered at the top. Nevertheless, the meshss
of ths hapa always facilitated the entry of phytoplankton and
zooplankton and encouraged the growth of periphyton which a.so
form added nutrition as these organisms are known to be a pri-

mary fish food. The other benefits of such confined resaring of

spawn are that the hapas gserve to be hygienic since the wasto


file://'/levertheless

matters are unused food or faecal matter are sasily seeped down

through the meshes and also reduces the slaborate manual labour

which ars otherwise needed in nursery ponds. Such closed rearing
reduces the strain and injury to the fry while netting which

could not bs avoided in nursery ponds.

The gross growth increment in the plastic pools is almost
gsimilar to that achieved in the nylon hapas as wsell as the rats
of growth is retarded as was also seen in hapa. These results
once again confirm the altitudinal sffaects of the physicochemi~
cal and biological factors in the pressnt study, as compared to
the findings in the plains. Howsver, the mortality rates in the
plastic pools (2844%, 39.6%, 21.4%, 16.6%) are on the highser
gside when compared with the nylon hapas. While it is not posgsi-
ble to pinpoint the causes precisely, it may be suggested that
the total isolation and confined nature of the plastic pool
habitat with no physical contact with the surrounding water
medium probably led to accumulation of toxic metabolites in
addition to lack of inflow of any food macerial from the surrou-~

nding environment as was the cass in the immersed nylon hapas.

The rearing experiments wsere designed with a primary pur-
pose of finding out the growth and survival of Carp fry to
fingerling size by smploying not only different fosd combinat-
ions but also during the off ssason of the annual cycle, in
contrast to the conventional practice of fry rearing Frém May=
July, soon after the breeding season in (larch and April. Norma=
1ly, in these Hill Regions thess frys are resared to fingerlings

of about 3~6 cm length and 5.0 gm weight for a 3 month period
(May-July) before they are distributed for stocking.
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A comparison of the growth and production in the differant
plastic pools, reveals that the optimal yield was obtained in
Pool 1, followsd by those of Pools 2, 3, 4 and 5 in that order.
This could be undoubtedly due to the differences in thes nutpi-
tive value of diete offered in the pools, which enabled the fry
in Pool #o., 1 and 4 to grow better, probably by efficient con-
version. The present results have fyrther shown that while
addition of organic manure certainly oncouraged better growth
as seen between Pools 1 and 2, o0il cake alone could probably
enhance growth as sesn in Pool 4, since the qrowth in this sys-
tem was sven more than in Pool 2 with rice bran and mustard oil
cake., The growth in Pool 3 with rice bran alone did not yisld
good results. It may therefore be suggested that even o0il caks
alone or when supplemented by cowdung would probably yield

optimal growth rate at this altituds.

The third and final phase of the present series of experi-
ments on the Common Carp was the rearing of fingerlings to
table size as conducted in a pucca nursery pond at an altituds
of 1,550 m at the Fish Dale farm, Shillong for one year during
1977-78. The size range of fingerlings used were between 6.0-
16,0 cm and 5.0-=50,0 gm. As a result of this experiment, ths
mean weight attained by these fingerlings was betwsen 65-585 gm,
with the individual maximum of 585 gm. Based on this rate of
growth the total production worked out to 4,240 kg/ha/yr. The
monthly record maintained on growth increment showed that mcst
fish attained their maximum growth during the first fivoc months
of the rsaringe. This period extended from November to April

which included the months with rising temperature soon after



winter. An interesting sidelight of this experiment is the atta-
inment of sexual maturity and subsequent spawning of a few of
the larger females as clearly evidenced by the presence of nswly
recruited fry of 3.0-=3.5 cm long and 0.6=1.0 gm in weight in

the population.

While relating the groups of plankton to the growth of
fish it was ssen very clearly that among the phytoplankton, it
was Euglenophyceae and among zooplankton it was Protozoa which
showed positive correlation with the growth rate of the fish,

It is known howsver, that very high production of fish are noted
Prom waters with blue-~green algae spscially the plankton fgod-
vrs in the lowest trophic levels grew well and high yield
(Sreenivasan, 1966) though occassional mortality due to oxygen
depletion simultanecusly have been recorded (Sresnivasan, 1964).
However, in our case it is an omnivorous foeder and has proved
that it is the disturbance created by these fishes on the sidss
and bottom of the ponds releasing the necessary protozoans and
flagellates like Euglena which has definitely improved in their

growth rats.

An outcome of the rearing experiments from fingerling to
table size fish is an attumpt to calculate the overall economics
of the monoculture of Common Carp in Shillong arsa in terms of
expenditure incurred and the total return of fish from the exps=~
riment. Tho results of the pressnt sxpsriment at Fish Dalse,
Shillong, indicate that on the basis of a total input of Rs.408/-,
the cost of production of a kilogram of fish worked out to
Rs.3.85 as compared to the cost price range of Rs.2.38 to

Rse2.93 kg reported earlier from the ‘composite fish culturo
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experiments conducted by the Central Inland Fisheries Research
Institute in diffaerent regions of the country (3Jhingran, 1978).
This production cost of under Rs.4/~ in the present study is to
be compared with the prevailing markst rats of fish price at
Rs.16/~ kg. Thus, the cost of production is just one fourth of
the current selling price, in spite of the fairly high cost of
supplementary feeds in the hill regions used in the prasent

study,

The present ssries of predatory experiments on one verte-
brate and the throe invertebrate predators have shown that the
overall predatory propensitises on 100 carps spawn in terms of
percentage are 3154 and 56% for the dragonfly nymphs, while 22,4%
and 18% for ths notonectids and frogs respectively., Thus it may
be concluded that the most important predatory pressure at theso
altitudinal ponds are due to the dragonfly nymphs followed by
the notonectids and the frogs in that order of descending

magnitude.

Further the breeding, spawning and rearing exnuriments on

the Indian flajor Carps, Labeo rohita at this altitude, may be

concluded that this naturally acclimated tropical species from
the plains of India could be brsd and reared at intsrmediats
altituds, though with limited success. The pressnt concensus
based on available information points to the fact that broeding
and growth of major carps, psrhaps, cannot be attributed to any
one singls factor as a combination of several abiotic aw uvlu-s
tic factors of the environment is involved., The pressnt expsri-

ments conducted only reveal that induced breedinn and subsequent
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rearing of Rohu (Labes rohita) are possible at the lower altitudes

of these hill regions and the environmental factors ars nat

totall, unsuitablse.

The compesite fish culturs expsriment tried for the first
time in the State of Meghalaya at a relatively warmer altitude
of 850 m with fingerlings of Silver Carp, Common Carp, rohu and
mrigal showed that rohu had the least growth reaching a maximum
of 240,0 gm, mrigal fingsrlings obtaining a maximum of 305.0 gm,
Common Carp growing to 655.0 gm and the Silver Carp showing the

best growth of 715.0 gm at ths end of the growing period,

These different experiments discussed above have given
gome baseline information on the culture potential of water
systems in the State of Meghalaya in North Eastern India. It is
admitted that various constraints beset such field oriented
rgsearches, particularly in countries like ours. These studias
had to be undertaksn in collaboration with the local State
Fisheriss Department who of fered their field facilitiss. Since
this Department itself is in a state of infancy, not much help
could be obtained. Nevertheless, the pressnt studies have opsened
up some problem arsas for further intenéive work. It is hoped
that a combination of the available technology in the country
and the few technigues svolved in the pressnt study will ulti=-
mately help in egtablishing sound aquacultural practices in

this part of our countrye.
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Meghalaya meaning the 'abode of the clouds' is the
twenty=first State in the Union of India. It is bounded by
Nowgong, Kamrup and Goalpara Districts of Assam on the North,
Mikir Hills and North Cachar Hill Districts of Agsam on ths
East and Bangladesh in the South and West. The total area of
the State as of date is 22,549 sq km. It lies between the
latitudes of 25°47'N and 26°10'N and the longitudes B9°45'E
and 92°947'E. Ths main land of Khasi and Jaintia Hills Disg-
tricts has a salubrious climate while the third District of
Garo Hills is relatively warmer being situated at a lowser
altitude than the others. The average minimum temperaturs in
the Khasi and Jaintia Hills 1s 4°C, while it is 12°C in Garo
Hills. The average maximum temperature is 24°C and 34°C for
thess two areas (Meghalaya Year Book 1975). The State of
Meghalaya is endowed with immense water resources comprising
of about 5303,.,24 ha of ponds, tanks, lakes, reservoirs and
beels and innumerable stretches of rivers, streams and
rivulets (Annual Plan Report of Meghalaya State Fishery
Department, 1980). In addition to this ideally suited agro-
climatic conditions characterised by the early onget of monsoon
and high rainfall gxist in this region. In spite of these im=-
mense Natural resources in terms of aquacultural production
potential, fish production is far from development in this
reqionsas only empirical means and methods of fish culture are
still in vogue. In order to augment the fish production,

congiderabla attention is being paid by the State Fishery
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Department for intensive exploitation of smaller water areas
and as such extensive breseding expsriments on the Common Carp
(Cyprinus carpio communis L.) for the production of fish

. S et

seeds are given priority.

Fish culturs in ponds has been practised in India,
especially in Northeast region since very long time. The
traditional method used to be to stock the ponds with avail=-
able species of figh fry without adopting any rational
scientific method and as such the production remained very
low with about 600 kg/ha/yr on an average (Sukumaran, 1978).
In comparison to this, fish production ranging from 3863~
4815 kg/ha/yr was obtained by culturing togethaer Silver carp,
Grass carp, Black carp (Mxégghggxnggggg piceus) and Mud carp
(Cirrhina molitsrella) in Chinese waters (Lin, 1954). Pro-
duction in Japan by using different cylture techniques were
esimated at about 4.1-8.2 tons/ha in small ponds and irriga-
tion tanks, 112-~338 tons/ha in recirculating and filtering
ponds, 616-1950 tons/ha in running water ponds and 414 tons/

ha in impounding nets (Brown, 1969).

In the Indian scene, Inland fish culture practices
have made tremendous stridses in the last two decades. The
introduction of exotic fish like Silver carp and Grass carp
into India (Alikunhi & Sukumaran, 1964) and the initial
success in inducing them to breed in captivity (Alikunhi
8t al 1963) along with the then already established induced
breeding technique of Indian major carps (Choudhuri &

Alikunhi, 1957) assured the supply of quality fish seeds.
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THis in turn paved the way for multi-species culture, otherwisse
termed as composite fish culturs. It is now known that this
attempt initially yielded a production of 1,000-4,900 kg/ha/yr
(Alikunhi gt al 1971) and the same results further confirmed

by reaching a production of 2,229-4,210 kg/ha/yr (Lakshmanan
gt al 1971). The highest production so far achisved with a
combination of six speciss of carps is 9,397 kg/ha/yr

(Chaudhuri st al 1974).

In contrast to these national achisvements of maximum
fish production there are still arsas in our country lagging
far behind in such sndsavours. The conditions prevalent in
the hill states of the North sastern region could be cited
as typical examples of the above stats of affairs. For
instancs in the Stats of Meghalaya, inspite of the existing
adequate water resources and agroclimatic conditions, still
the production figures are considerably low. Even the attempts
of the State Fishery Department wers restricted mostly to the
method of control bresding and hence the supply of limited
amount of sseeds of Common Carp, although recently attempts
ars being made towards composits culturs. With this low fish
production and to provide a quantity of fish protein (20 kg/
capita) at least to 50% of thse population, it is estimated

that about 10,000 tons of fish would bes required per annum as
against the pressent total production of 1,390 tons. It has
bsen suggested that by implemsnting modern tschniques and also
by bringing in additional water area undsr fish culture, even

at the rate of 2,000/kg/ha/yr, 1,980 tons of fish could be
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added to make a total of 2,250 tons of fish from culture

fishery alone (Jhingran, 1974).

Seized with these problems of inadsquate fish production
and lack of proper infrastructure for fish culture, the North
Fastern Council, Shillong sanctioned a scheme to collsct as
much base lins information as possible which will be of hslp
in implementing sound modern technigues for fish culturs.

This was all the more necessary since the altitude, rangs of
temperature, nature of soil and water and sven the biotie
communities are somewhat unique as compared te thoss condi-
tions obtained in the plains of India. Consequently these hill
aquatic ecosystems are to be thoroughly investigated as to
their suitability for fish culture. With this in mind the
praessnt investigations have besn attaempted to gather funda~-
mental information 05 as many aspacts as possible on the
environment, breeding, rsaring and culture of Common Carp, a

widely used species in fish culture in these hill regions.

Records on the introduction of exotic varieties of carp
into Msghalaya State shows that the first consignments of the
Prussian strain of Common Carp was brought in 1954 from
Ootacamund and released in ons of the systems in Shillong
called Ward 1lake. The second consignment of Common Carp seems
to have found its entry from the Gauhati Fish farm in Assam
during 1564 which itself was earlier brought from Cuttack,
Orissa. Since then the State Fishery Department had started
controlled bresding of the fish with a view to supply sseeds

and to propagate this speciss. Since this is the only major
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cultivable species so far attempted for culture, the present

investigations are largely confined to the problems concerning

this species.

Basad on an initial survey and identification of the
problems related to fish culture in this State, two main areas
ware chosen for detailed study, viz., (i) study of high morta=-
lity of fish seeds and (ii) the retarded growth of fish in

the local water bodies.

Naturally these two problems are closely interlined with
pond management, breeding techniques, rearing practices, fesa=
ding regimes and understanding of the habitats. It was thought
that if these problems are worked out under actual field con=-
ditions, thes results achisved will bse of direct value for
immediate implementation, hence all the experiments were con=
ducted in the fish farms belonging to the State Fishery Depar=
tment. Thus, three fish farms were chosen representative of
different altitudss. These are, the Fishdala in Shillong at
1,550 my the Mawpun Fish farm in Barapani at 1,700 m and the
Fish Farm in Kyrdemkulai at 850 m, Since these farms ars also
the seed producing centres of the State, thsy offersd an
opportunity to compare our results with those of the existing

methods as practised by the State Fishery Department,

Thus the present thesis embodies the results achieved
on the breeding experiments, rsaring of the spawn to fry,
fingerlings and table size fish, causss of mortality and pre-~

dation in the Cammon Carp, Cyprinus carpio communis L. from

-l b e IR W W 3 Ay
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the highest altitude of Meghalaya. In the middle altituds,
indueced breeding, hatching and rearing experiments were con-
ducted on Labeo rohita and the result gathered are presented.
At the lower altitudes, a round the year study of Composite
culture employing four species of carps (Rohu, Mrigal, Common
Carp and Silver carp) was attempted and the results discussed.
The thesis also includes data on the present status on fish
and fishery as obtained through proformas circulated within

the Stats.:
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REVIEW OF LITERATURE

Fish culture owes its inception to the Chinsse, since the
sarlisst clear record in Chinese litsrature is said to be "The
Classic of Fish culture", belisved to have been written by Fan
lLai in 475 B.C. With the expsrisnce gained through genarationg,
the Chiness have brought fish culture to a very high level of
development even to adjacent countries like Malaya, Formosa,
Indonesia and Thailand. The origin of fish culture in India is
largely unknown, though Kautilya's = Arthasastra', written some=-
time betwssn 321-300 B.C. indicates that fish were probably
cultured in reservocirs at that time. Eastern India, particularly
Bengal is an arsa where Pish culture is conducted on a largs

scalse.

Fish culture in the modern sense is known to have becoms
established in England in the 1400 and 1500 A.D. using carp;
this must have been introduced from Europs at about that time.
Taverner (1500) gives an idea of certain sxperiments on the
study and practice concerning fish culture. He further gives
carp not only a frequent mention but pride of place as a culti-
vated Pish. Markham (1613) also writes and suggests that the
best soil for fish culturse is those which are either marshy,
boggy or full of spring and indseed most unfit either for grazing
or for any other use. The common carp, which is probably a na-
tive of Chinz, has been exported to ssveral countriss all over
the World and its culture has achieved a very high degree of

perfection. The association of the speciss with a view to
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utilizing all available fcod resources in a pond, appear to

have been first developed in China (Gunther, 1868). The general
conditions under which carp culture is carried out in Bengal
have been brisfly mentioned by Prashad (1919), according to whom
the large majority of the tiny fry stocked in ponds are sither
preyed upon by predators or dis owing to lack of food, the
latter also causing stunted growth of the very few that survivs.
Birthwhistle (1931) states that in Singapore, the sandy soil
gives the sweetest fishe Schapsrclaus (1933) also supports the
idea and refers to the culture of common carp as sarly as in

475 BeCe in China. He also suggested that the largs and impor-
tant Pish farming industry of Lusiata is situated on the poorsst
goil from the point of view of agriculture and forestry and that
watsrs which need 0,1 to 0.5 ecc of HCl are not very productive,
whereas a productive watar is that which titrates 2-5 ccy and
also gives the following as a desirabls ratio betwesen the areas
of the successive ponds : Breeding pond = 0.25%, Nursery pond -
2.75%, Fingerling pond = 10.00%, Rearing pond = 23.00% of the
areae Hoffman (1934) describes that in China a fish pond is of
varying size and is drained every 2-3 ysars. At this time, sur-
plus soft mud may be scraped off and used as fertilizers in
field and garden. Buschkisl (1937) pointed out that in Java,

the pond may be very small indeed for only a few square metre

to 50 X 30 m. The carp fry are bought from dsalsrs and are
mainly bred in rice fields. Lin (1940) also studied Hoffman's
work and suggested that fish pond should be drained partly or

wholly to drynsss once svery ons or two years, so that the
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bottom is exposed to full rays of the sun for somstime, An aver-
age mortality of 50~60% is generally experiesnced in rsaring of
fry of the large mouth black bass (Huroc solmoides) to finger=-
ling stages as reported by Smith and Swingle (1943). In the
cultivation of milk Pish (Chanos changs) in the Phillippines an
estimated mortality of 70% from the fry stage ta marketable

siza and 10 to 40% martality of fry during the first 4 or 5
weeks in nursery ponds have baesn reported by Carbine (1948).
Rather heavy mortality of fish fry in the sarly stages of rear-
ing has been reported from various countriss. Krumholz (1949),
reported that not more than 40% of the Bluegill yolk fry stocked
in the spring survived the first summer, while by the end of

the second summer as few as 1% and not more than 20% of the ori-
ginal stocked remained. Lin (1949) in his account of the fish
fry industry of China does not give exact figures of the per=
centage of survival of carp fry but states that if only 5% of
the fry collected could survive and grow to attain a reasonable
increment in weight, this could give a clear idea that the fish
grew. Wunder (1949) statss that a newly constructed pond built
on soil which has not previously been flooded gives a high yiseld
of fishe. He also pointed out that the yield of a pond has bean
doubled by liming. Lin (1950) has howsver, stated that the
newly hatched fry of common Chinese carps released in half hec~
tars nurssery ponds at the rate of about 4 million survive only
to the sxtent of 12=30% during a period of two weeks to a month.
Probst (1950) observed that the yisld of carp pond is positively

correlated with average temperature during the growing periad
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of May to Septembsr. Alikunhi gt al (1951) observed that high
dissolve oxygen genscally accompanied with high pH and vice
versa. In ponds which had dense algal blooms the dissolved oxy=
gen was over 20 ppm, resulting in supersaturation exceeding 300%
and such conditions are fatal to the fry owing to gas accumula-
tion in ths stomach, gut and subcutaneous spaces. It has been
shown that the main food of the tender carp fry in the first
few days from the commencement of their feeding in the environ-
ment is zooplankton and that ths planktonic algae ars consumed
only as smergency food which is hardly digested and on which ths
fry do not thrive (Alikunhi, 1952). Removal of all minnows and
other fish from the nurssry ponds is of utmost significance as
they usually fsed hsavily on the tender carp fry released in
them (Alikunhi gt gl 1952). With given ideal conditions liks
abundance of desired food and absence of all snemies, sven a
100% survival of fry has been obtained in aquaria during the
Pirst week of rearing (Alikunhi, 1952). In Indonesia, the aver=
ags survival of Chanos fry in the tambaks is not mors than 30%,
though some expert Chinese fish growers obtain a survival of
60-80% by adopting spscial methods of rearing (Schuster, 1952).
Whersas Hofstede gt. al. (1953) state that in the culturse of com~
mon carp (Cyprinug carpio L.) in Indonesia a mortality of about
60% of the fry stocked has been sstimated. Mortimer (1954)
obgerved that the water supplying a pond will usually contain
some useful nutrient salts such as nitrate, ammonium, phosphate
and potash and at times these galts are present in the water in

such quantitiss that added fertilizers will be inaffective,.
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Depasse (1956) found that water shows great variation as to
acidity and alkalinity reserves. More acidic the water, the
biogenic capacity is slight or nil with low faunal variety and
more alkaline the water i¢ supports rich and varied plant and
animal life. Wurtz (1956) showed that lime is used mainly to
eorrect the acidity in the soil and water. Swingle (1957) con=-
sidered that productive waters are thoss with a pH ranging from
645-9.0, and pH bslow 4.0 and abowe 11.0 proves generally let=-
hal for fishe In India water on acidic soils is generally less
productive of fish than that on alkaline soil (Alikunhi, 1957).
Shimadata gt al (1957) bpbserved that in Japan, proper manage-
ment with liming, fertilizing and feeding with silkworm pupae
gave a crop of carp equivalent to 3,350 kg/ha. The production
figure is still higher in the tropics where there is usually
little seagonal variation of tempsrature and as a result fish
growth may proceed the ysar round without any check. Swingls
(1957) supported ths idea and pointed out that fPish are variable
in their tolerance of cold. Kawamato gt al (1957) found that
carp grown at different stocking densities grew better when
more sparsly than when densely stocked esven though given the
sama amount of food per fish. Yashouv (1958) obssrved that carp
raised in waters in which other carps had bsen crowded show
retarded growth and the harmful effect was greater with greater
concentration of carp waste products. Ross (1959) records that
water in whieh tadpoles or fish have been grown inhibits ths
growth of their own kind or other species because of the sscre-

tion of harmful byproducts in the water in greater quantitiss.
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Schaperclaus (1959) obssrved that the fish production in pond in
East Germany could be much increased by restoring them to their
original depth. Investigations on various cultural aspects of
the scale carp have besen carried out at the Pond culture divi-
sion of Central Inland Fishasriss Ressarch Institute at Cuttaék,
India and some important contributions on the bionomics of com=
mon carp (Cyprinus carpio L) are from Alikunhi and Chaudhuri
(1959), Various views have besn advocated as regard to the ori=-
gin and distribution of common carp (Gunther, 1868; Schaperclaus
19333 OUkeda, 1960; Jenkin, 1961). Hora and Pillay (1962) have
presentsd valuable information on common carp of the Indo=-
Pacific region and at present, ths common carp is known to esnjoy
global distribution occurring in tropical as well as temperatas
regions acclimatised to a variety of habitats and extremes of
environment (Alikunhi, 1966). Sarig (1966) has produced biologi-
cal data on common carp in the Near East and Europe and stated
that in East Europsan countries in fertilized ponds with artifi=-
cial Peeding, this figh attains 30«100 gm at the end of ths
first summer, 250-~780 gm at the second summer and a markstable
size of 1,000«2,000 gm at the end of the third summer, with the
stocking densities varying from 500-1,200 fish/haj and in Israsl
about 500-700 gm was harvested in 90«120 days when ponds ars
heavily manured and fishes artificially fed. The diverse broad=.
ing techniques employed on common carp have been described in
detail by several workers !Schaperclaus, 1933; Hofstede and
Ardiwinata, 1952; Sahin, 1955; Hora and Pillay, 19623 Alikunhi,

1966 and Sarig, 1966). Datailed investigations on various cultural
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aspects of scale carp of India is mostly through the works of
Alikunhi (1966). [t was obssrved that the sggs in the prespawn=-
ing stage can remain dormant for many months and yet respond at
once to a suitable spawning stimulus or trigger such as by the
rising water tempsrature of sgpring and autumn or ths seasonal
changes of day light or a combination of both (Wee and Chung,
19643 Lake, 1967). The common carp can be made to breed any time
during the year, yst thers are two seasons when optimum results
are achiesved, one during July and August and the othsr in mid
January and ilarch (Singh, 1968). But currently most of the
Indian and Chinese carps and evan the Russian and Rumanian Sture
geon ars no longer relisd upon for their natural spawning but
ars increasingly bred artificially by pituitary inducesment
(Tang, 1964; Yashouv, 1969; Manea, 1969). The procurement of
purs seed of cultivated fishes from dependable sources posed a
problesm in India until the technique of hypophysation was succ~
essfully applied to Indian major carpse. The history of hypophy=-
sation of fishes has been reviewsd by Pickford and Atz (1957),
while those of Indian carps by several workera (Alikunhi gtl gl
1960, Chaudhuri, 19603 1963; Das and Khan, 19623 Bhimachar and
Tripathi, 19673 Jhingran, 1969; Chondar, 19703 Shehadsh, 19703
Tripathi and Bhimachar, 1972 and Khan and Jhingran, 1975). The
various cultural aspects o% fishes in nursery, rearing and
stocking ponds along with the stocking rate, growth, mortality,
faeding regimes and the production rate have been reviewed by
most earlier investigators (Schaperclaus, 1933; Alikunhi gt al

19523 Alikunhi, 1956, 1957; Ibrahim, 1957; Yashouv, 1959;
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Chaudhuri, 419603 Hickling, 1962 and 1971; Hora and Pillay, 1962;
Lakshmanan gt al 1967, 1968; Ling, 1967; Shell, 1967; Huat,1970;
Khan, 19713 Sneed gt al 1972; Singh gt al 1972 and Jhingran,
1975). On the other hand, the destructive sffects of predatory
insects upon carp spawn, fry and fingerlings causing low survi-
val rats have been reviewsd by various authors (Khan and Huss-
ain, 1947; Pakrasi, 1954; Alikunhl gt al 1955; Alikunhi, 1957;
Chaudhuri, 1960; Ganguili and Mitra, 1961; Gorai and Roychaudhuri,
19613 Julka, 1965, 1969 and Jhingran, 1975). Vaas and Sachlan,’
19573 Kuronuma, 19683 Gribanov gt al 1968;

Bardach et al (1972) and Suzuki (1976) showsd the high potential
of culturing fishes in floating cages which has assumed the
dimension of a full scals enterprise in Japan and Thailand whers
both marine and freshwater hahitats arse utilized. According to
them the most suitable among the freshwater fishes arse the
common carp, Bass, Blusgill, Tilapia, White channel Cat fish and
Pangasiys cat fishes which are used in large scale for cags
culturs. In India cage culture was attempted for the first time
with air breathing fishes in swamps with successful results

and among the Indian carps Catla gatla and Cirrhinus reba app=
sar to be well suited fer cags culture in reservoirs and other

lentic waters (Dehadrai gt al 1974 and Natarajan, 1976).

Introduction of Silver and Grass carps into India (Alikun-
hi gt al 1957) and the First success in inducing them to breed
in captivity (Alikunhi. gt gl 1963) along with the than already
established induced breeding technique of Indian major carps

(Chaudhuri and Alikunhi, 1957) assured the supply of quality
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fish sead in this country. This paved the way for multispecies
culture as composite fish culture which yielded high production
of 1,000-4,900 kg/ha/yr, hitherto not reported from India befors
1971 (Alikunhi gt gl 1971). However, it should be added that
squally high production of 2,229-4,210 kg/ha/yr was obtained
from the sexpaeriments during 1965-1968 thaough reported only later
(Lakshmanan gt al 1971). Subsequently by employing exotic carps
alone the production figurs of 2,896 to 3,281 kg/ha/yr was
obtained {Singh gt al 1972). The highest record production of
9,397 kg/ha/yr was achieved in 1974 amounting to a net produc-
tion of 9,056 kg/ha/yr (Chaudhuri gt al 1974; Jhingran, 1975,
1977). Another exotic spaciss of fish of appreciable signifi-
cancs for developing aquaculture in uplands of India was the
introduction of the German strains of common carp, C ‘nus
garpio in the year 1939 at the Fish Dale farm at Ootacamund in
Nilgiris was established in 1946 for breeding and culturs of

the thres phenotypes of common carp (Jhingran and Sshgal, 1978).
In the global context, the detailed accounts of the history of
transplantation of common carp have besn given by Howell (1916),
Mitchell (1918), Molesworth and Bwyant (1921), Mackay (1945),
Jones and Sarojini (1952), MacCrinon (1971), Sehgal (1974),
Jhingran and Sehgal (1978). A note on the bresding care and
managemsnt of common carp, Cyprinus carpio L. was again rsviewed
by Jhingran and Sehgal (1978).

Pedro Noriega (1979) has studied the v rs

asgociated with the productivity of a fish
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that manuring of fish pond may not only be an exerciss in fer=
tilization but also a means of promoting the growth of fish
through other alternative trophic pathways. It was also reportsd
that by using supplemented artificial food and different far-
tilizers, the growth rate of Mrigal capitg fry was increased

in Egypt (Bishara, 1979).

The growth kinetics of Anabas testudinsus showed that
there existed inverse relationship between the growth curvs
and the variations of conductivity, bicarbonate, alkalinity
and phosphate content of water but pH, free carbon=dioxide
and dissolved oxygen showed no linkage. However, growth incre=
ment and nitrats level wers directly related (Jana and Das,
1980). Joshi (1980) whils working on the induced breeding of
Labeo rohita from Nainital revealed that continucus rainy
weather is esssntial for successful induced spawning with a
water tempesrature range betwsen 27°9=30°C and turbidity 72.5=
135 ppm for 80% fertilization and hatching of eggs respect=-
ively with a optimum pH range of 7.2-«8,5. Joshi and Khanna
(1980) obsesrved that the fecundity of Labeo gonius per kg
body weight was 2,86,111,
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MATERIAL AND METHODS

For all the experimsnts during the presant investigations,
the experimental ponds in three fish farms of the lleghalaya
State Fishery Department were used. These were the Fishdals at
an altitude of 1,550m at Shillong, Mawpun fish farm at 1,100m
and in Kyrdemkulai fish farm at 850m. In addition to this, a
few sets of experiments on predation weare eonducted under
laboratory conditions and on mortality rates of fry and fin-
gerlings under seminatural conditions in plastic pools within

the premises of the University.

Most of the brmeding experimgnts wera sonduected with
the Common Carp, Cyprinus garpis sammunis Le in the farm ponds
at Fishdale, Shillong; during thse breeding seasons (March-lMay)
of 1977, 1978 and 1979, Every year, prior to the experiments,
brooders were netted sut f»om the stoeking psnds during the
month of February. [lales and females ware segregated and
reared in separate nursery pands of 0.01 ha size with a depth
of 1.5ms A mixture of rice bran and mustard oil cake in the
ratio of 1:1 was fed at intervals of alternate days at a rate
of 2-3% of the total body weight of the fish, Ths temperature
was monitored continously during thess mantha of breeding as
it was known that the commaon garp at this latitude normally
spawns at a temperaturs rangs of 17°-22°C {(Annual Report of
Meghalaya State Fishery Department, 1977), When the optimal
temperature was rsached, the brosdsrs fram ths eonditionsd
ponds wers nettad out usually in the merning and evening hours

and transferred into the nylon hapas of 2.5 X 1.0 X 1.0msizee.
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While choosing the brooders, ecare was taken always to
select the fully matured famales characterised by an almost
rounded, soft and bulging abdoman and vent slightly projecting
like a small papilla with a narrow median slit. Similarly,
males were chosen on the basis of characteristies such as very
rough pectoral fins, rough scales with thes vent not projecting
but deep and pit liks. Further, males were easily distinguished
by the free releasse of milt with gentle pressure on the abdo-
men. The individual broodsrs were weighed using a Monopan
spring balance (Yamato make) graduated to 5 gm divisions.
Brooders were stocked in a ratio of 1:3 by weight (one femals:
three males). In ths present study, two types of bresding
experiments were conductads (a) Control breeding (b) Induced
bresding. Again sxperiments on control breeding were porformed
using both the hapa and the plastie pool. Each of the plastic
pools measured 2m broad and 1m deep and water was filled only
upto 2/3 of its height. Pools were always kept covsred by a
net to prevent escape and jumping of the brooders. Since the
eggs of comﬁon carp ars known to be of an adhesive type, the
conventional method was by providing artificial substratum.
The pressent practices as employed by the State Fishery Depar=-

tment is the use of the aquatic weed, Rotal

L™ W A g’ o )

Hydrilla and pine nesdles. For reasons to be discussed in
detail later, in addition to the aquatic wesd Rotalla, impro-
vised Coconut fibre rafts and Nylon net frames wsre also tried
in the present studies in order to sstimate the relative seffie-

ciencies of different substrata. Gensrally the wesd Rotalla

used in the present experiments were collected from near the
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banks of streams and ponds at Umkhen /‘Happy Valley); iMawpun
Fish Farm (Barapani), Umsning farm (Umsning), Kyrdemkulai farm
(Kyrdemkulai) and Umran stream and brought to Fish Dale at
Shillong and kept in one of the nursery ponds for the breseding
experiments. These plants were well sorted out and thoroughly
washed befors introducing ths sams in breeding hapas for eqgg
colloction. Normally 2 kg of the wesed was used for a 1 kg fem=-
ale fish (Jhingran & Sehgal, 1978). The Coconut fibre raft was
made of wooden frame of 45 x 30 cm, rectangular in shape in
which five hanging rows of Coconut fibre wsre arraﬁged longi~
tudinally with 5 cm spacing in betwssn (Plate IV ). The Nylon
nst frame were also made of a wooden frame rectangular in
shaps of 45 x 30 cm with five rows 8f nylon flaps fixed longie
tudinally with 5 cm spacing (Plate IV ). These nylon flaps are
made to hang like cuyrtains with theif free aends extending upto
15 cm in height. Both the Coconut fibre raft and wooden nylon
net frame wers made to float by fixing thermocool to the top
Pour corners of the frame. These artificial sgg collectors
were always thoroughly washed in water before the introduction
into the hapa or plastic pools. Whenaver these artificial sub-
strata were expsrimented upon, only two of each and 0.5 kg of
aquatic weed (Rotalla) were used for each hapa or plastic
pool. After spawning, ths eggq collectors were carsfully sxam=
ined as the fertilized sggs of common carp are less conspicuous
than ths unfertilized eggs which are whitish and opaque. The
diamater and weight of sach individual egqg was measursd with
the halp of a reading scale calibrated to mm readings and a

Balmer slectric monopan balancc sensitive to 0.001 gm. The



PLATE = II

(a) Showing the overall viesw of the
Fish Dale Farm, Shillong.

(b) Showing the breeding hapa.

(c) Showing the Plastic Pool for breeding

gXperiments.
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PLATZ - 111

Plastic Pool showing the aquatic wsed,
Rotalla rotundifolia used as egg collector.




PLATE III




PLATE .. VI

(a) Showing the unfertilized eggs attacksd
by Saprolegnia sp.

(b) Heavily infected sggs with Saprioleqnia.
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differsnce in weight betwsen the gravid and the spent femals,
multiplied by the weight of each egg, gave approximate fecun-
dity of the fish in terms of total number of sggs per female

(Alikunhi, 1960; Jhingran & Sehgal, 1978).

The egg collectors with the attached sggs wers removed
from the breeding hapa and were uniformly distributed in a
doubled wall hatching hapa of 2.0 X 1.0 X 1.0 m (outsr hapa)
and 1.75 X 0475 X 0.50 m (inner hapa). It is known that a
hapa of the above size can accomodate 40,000 - 60,000 sggs.
Subsequently theses hapas were fixsd in the nursery ponds or
in stocking ponds for hatching. After hatching the sgg collec-
tors were kept for a day or two in the hapa in order to pro-
vide shade to the young hatchlings. On the third day both the
egg collector and the innsr hapa were removed and ths hatch-
lingg left in the outer hapa till the absorption of yolksac.
The actively swimming baby fish with yolksac completely
absorbed having the mouth apensd and feeding veraciously is
known as the spawn. While collecting the spawn, all the cornsr
ropes of the hapa are first untied from the poles and spawn
brought to the centre by lifting it slowly, two psrsons holding
either snds. The spawn which get stuck to ths cloth on the
inner wall of the hapa are washed down the centres by splashing
water from outside. Water was allowsd to drain off and the
spawn ars measursd in a small perforated cup of known volume
(200 number of spawn/cup). At the time of measurement, the
dead spawn ars removed as far as possible. Thres samples of

spawn are taken for counting the number of live and dead
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spawn in sach sample cup. The total number of spawn obtained
can be worked out approximately by multiplying the total
number of spawn produced in sach sample cup by the total num-
ber of cups. Following this, the spawn are stocked in nursery
ponds, nylon net hapas or in plastic pools. Most of the above
procedurss are already available in literaturs (Chonder, 1970;
Jhingran & Sehgal, 1978), though were slightly modifisd to

suit the altitudinal conditions of this hill region.

In a thres tisr fish culture system, the first step
begins with the rearing of the 3~4 days old spawn of common
carp to fry sizes in nursery ponds. In the present study the
size of spawn used were betwsen 5-6 mm (PlateXMe). The nursery
ponds used for rearing expsriments at Fish Dale, Shillong were
of the pucca type, two in number of 100 sq m and 200 sq m with
a maximum depth of 1.5 me The source of water was from a small
stream named 'Ka Wah Dienglieng'. The ponds being small in
size were sasily managsable as water can be refilled and
drained off at wille. Hence the initial problems of eradication
of aquatic weeds, predatory fishes and aquatic insscts do not
arise., The only major problem to be taken care of were the
acidic nature of the water and the low plankton content. In
order to rectify the acidity of water, liming was rssorted to
by adding quicklime at the rate of 1,000 kg/ha/yr sincs the
water was too much on the acidic range. The pond management
was done twice a ysar, the first during ths month of March for
the rearing of gspawn to fry and the second during October for

the rearing of fingerlings to table size.fish. During sach
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period the pond was completsly cleaned and sundried for seven
days and on the sight day half of ths required amount of quick
lime was sprayed all over the pond bottom and sides and left
as such for four days. On the twelfth day water was added upto
1 m depth when the pH of water was usually about 9.5. Gradua-
lly the pH descreases day by day and remainsd closs to 8.0. Un
the sixteenth day the remaining amount of lime was sprayed all
over the water surface. The pH of the water was further noted
and around the twentysixth day it stabilised at 7.5. To obviate
the low plankton production, manuring of fish ponds were nsce=
gssary and organic manure in the form of dry cowdung was
administered at the rate of 15,000 kg/ha/yr. Normally, ons-
fourth of the total amount was broadcast all over the pond,
fifteen days bseforse stocking and the rest was given as instal-

ments at wesekly intervals.

The spawn of 6~10 mm size wers reared in such well pre-
pared and managed nursery ponds at a very low stocking rate
of 10° spawn/ha as compared to 10' spawn/ha suggested by the
CIFRL . (Sen, 1978). The spawn were fed with Pinely powdered
rice bran for the first few days. Later on with a mixture of
finely powsred rice bran and mustard o0il cake in the ratio of
1:1 fed on alternate days by broadcasting all over the pond
surface in the morning hours. The feeding schedule was as

follows

1st=3rd day of stocking = No supplementary Pesd. The spawn
thrive with the abundant planktonic organisms
present in the pond.
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4th=10th day of stocking = Fed only with finsly powdered rice
bran, 3 times the initial weight of the total
spawn stocksed.

11th=20th day of stocking =~ Fed with a mixture of rice bran
and mustard oil caks, 4~5 timss the initial
weight of the total fish stocked,

20th day onwards = Fed with a mixture of rice bran and mustard
0il cake, 6~8 times the initial weight of fish
stocked.

The duration of rsaring of spawn to fry and early fing=
erlings stages ranged between 60«90 days in the above systasms,

After sach set of exptt. the frys and fingerlings wers comple-

tely netted out and the growth and mortality rates were notede.

The rearing of fingerlings to table size was conducted
in a well managed pucca pond of 300 sq m size with 1.5 m of
water in the same fish farm at Shillong. This experiment lasted
for one year during November, 1977 to November, 1978. The fin-
gerlings stocked and roared were of the 1976 brood, ranging
betwsen the initial length of 6.0 cm to 15.0 c¢m and 5.0 to
50.0 gm in weight. Supplementary feeding with a mixturs of
finely powdered rice bran and mﬁstard oil cake in the ratio of
1:1 was given every alternate day at 4% of the total body
weight of the fish. Along with this, the pond was also manured
with cowdung at weekly intervals. A wsekly analysis and rscord
of the physicochemical and biological factors wers made and as
well as a monthly sampling of fish to note the growth rats,

both in length and weight.

In another series of expsriments spawn were also roared

in fine meshed nylon hapas of 2 X 1 X 1 m size fixed to bamboo
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poles in a well managed nursery ponde. In sach hapa 10,000

spawn wers reared ranging betwsen 6.0-10.0 mm size and 5.0-12.0
mg wsight., The duration of rearing/was butween 60~75 days with
feeding at every alternate day with a mixture of rice bran and

mustard o0il cake in the ratio of 1:1. Weekly manuring with

cowdung was also done by broadcasting all over the pond surfacsee.

In a third series of sxperiments, plagtic pool of 2 m
broad and 1 m depth were used for the spawn rearing experiments.
These posls were kept near the managed nursery pond and the
same water was used. Each pool was stocked with 508 spawn of
640=%0,0 mm and 6.0-12.0 mg weight and the same reared for a
period of 60 days. Supplementary food of a mixture of rice bran
and mustard oil cake was given every alternate day, although
no cowdung was added. Each pool was drained half of its water
at svery 20 days interval and the same was replacsed by fresh

water from the adjacent nursery ponds.

A few experiments using plastic pools of varying sizes
were also attempted for the rearing of fry to fingerlings in
the University campus. These experiments were done mostly with
different feed combinations to note the growth and mortality
of fish. The plastic pools used were of 2.5, 1.5, G.8, 0.5,
0.5 m broad and 1 m deep and were filled with tap water of pH
5.8. In order to attain the desired pH, suitable liming was
done according to the sizes of the pools at ths rate of 1,000
kg/ha. The pools were stocked with frys ranging between 5,500~

1,500 mg weight and 3.5-4.0 cm gsize and reared for a period of
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6 months (September, 1978 = iMarch, 1979). The feeding regime

in thess pools were followsd as under :-

Pool No., 1 = Rice bran, mustard oil caks and cowdung.
Pool No. 2 =~ Rice bran and mustard oil cake.

Pool Noe. 3 = Rice bran.

Pool Nos 4 = Mustard oil caks.

Pool No. 5 = Control (no supplementary food).

In all the difforent systems along with these rearing
experiments, environmental data such as temperaturs, pH, con-
ductivity, oxygen, carbondioxide, alkalinity and plankton wers
collected and analysed at weskly intervals, with a monthly

sampling of the stocked fish to note the growth ratec.

A fesw predation experiments using the dragonfly nymphs,

notonectids and the frog species, Rana ;gpnpcgrig on the spawn

of common carp were conducted at the laboratory during 1977.

The following weres ths materials used for the expsriments.

a) Asshna (dragonfly nymph) = $Size 5.0-6.0 cm
a

b) (dragonfly nymph} = Size 2.0=3.5 cm
sops (notonectids) = Size 7.0=10.0 mm

rduli

-l

e

c) Anis

d) Rana limno&gqgg (Frog) -~ Size 1.5 cm

[ S N el TR MRS /ey

e) Spawn of common carp = Size 5.0-6.0 mm

f) Rectangular glass jars of differsnt sizes = 24 X 11 X 25 cm,
14 X 10 X 35 cm and 14 X 10 X 20 cm.

The Jjars and trays were thoroughly washed and filled with
tap water. The pradatory animals were brought frash from Fish
Dals and were rsared in a glass aguarium containing pond water.
Prior to the experiments these animals were netted out of the
aquarium, their length were noted and wers kaept without food

for 2 days in a glass jar containing tap water. For sach sst
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of experiments, 5 jars as replicates were used for éach of the
dragonfly nymphs, 2 trays for the notonectids and 4 jars for

the frogs. Each set of expsriment lasted for 24 hours. A total
of 5 such series of experiments were conducted. The number of
predators and spawn of common carp released in sach jars/trays

are given below :

Name of the Predat Number of predators Number of spawn
T Tused per Jar/tray used per Jar/tray
Asshna see 1 cee 20
Cordulia cee 4 cee 20
Anisops cos 10 cve 50

Rana ;gmnoo%;j;‘ vee 1 cee 25

During the present ssries of investigations though the
ma jor thrust was on several culture aspects of common carp, a
fow studies were also attempted to work out the feasibility of
the breeding and rearing of one of the Indian major Carps at
the middle altitude of 1,100 m having a fairly low water temp=~
erature with the pH value mostly in the acidic range. For this
purposs two sets of induced bresding experiments of the Rohu,

Labso rohita were conducted for the first time at Mawpun fish

-+ 3 ==

farm near Barapani during July, 1979.

The two=year old matured brooders for the above sxperi-
ments were procured from the State Fisherdes Department, Gover-
nment of Assam at Gauhati in July, 1979. The weight of famales
used ranged bstween 450 to 460 gmy, while the males were of 350
to 500 gm. These fish were stocked in one of the breeding ponds

of 0.02 ha at Mawpun fisgh farm for acclimatization. The
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brooders wers daily fed with a mixture of rice bran and mustard

0il cake in 1:2 ratio given at 4% of the body weight.

Prior to the proposed hypophysation expsriment ths
brooders were chosen on the criteria of, the female fish having
a soft bulging abdomen with a pinkish and slightly protruding
vent, while the males had rough pectoral fins and with milt
oozing freely when the abdomen was gently pressed. Such male
and female fish of somewhat comparable size comprising of one
female and two males were weighed prior to the pituitary

injection.

These induced breeding expsriments on Rohu (Labso rohita)

- s

ware performed by the injection of fish pituitary hormonse into
the brooder fish. In addition the fish pituitary glands (rohu)
were also brought from Gauhati and werse stored in a 50 cc phial
containing absolute alcochol. The glands ars individually
weighed in a Balmer monopan electric balance and are stored
separately in a phial containing absoluts alcohol with ths
weight noted thersin. An extract was prepared from the pitui-
tary gland and the quantity of the gland requirsed for injection
was at first calculated from the wsights of the broodors. The
required quantity of the gland was taken out of the phials and
kept on a piece of filter papsr for 1-2 minutes to allow the
alcohol to evaporate. The glands were taken into a tissue homo=
genizer with little quantity of distilled water and 0.3% sodium
chloride solution. The homogenized glands are then diluted by
adding the required quantity of the same media in which macera-

tion was dons. The dilution depends upon the guantity of the
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gland to be injected and suspension was -usually done at the
rate of 4 mg of pituitary gland in 0.1 ml of the media, i.e. at
the rate of 40 mg of the gland in 1.0 ml of the media. The
gland suspension was then poured into a centrifuge tube and the
homogenizer was shaken wsll so that the settled down gland par-
ticles mixes with the solution., Now the extract in the tube was
centrifuged by a hand centrifuge machine (PlateXVill) so as to
separate minute suspendsd particles of crushed tissues and fat
bodies from the liquid part containing the hormones. The solid
particles settle down at the bottom of the centrifuge tube as
sediment., The clear fluid containing the hormons was then
decanted into a small beaksr to be taken into a hypodermic
syringe for injsction. A preliminary doss at the rate of 4 mg
of pituitary gland per kilogram body weight of fish was admin-
istered to the female brooder only. After 6 hours a second doss
of 8 mg of gland per kg body weight was given to the female,
while the males received only one dose this time at 4 mg/kg
body weight. Intramuscular injection is wusually administered
on the caudal peduncle. The needls was inssrted under the scalse,
first parallsel to the body of the fish and then pisrced into
the muscle at an angle. A 2 ml hypodermic syringe was always
used for the purposs having graduation to 0.1 ml divigion. The
size of the needles used were BDH needle Number 22 and 24. The
brooders in the hand net are then brought one by one for injec-
tion and placed on a small field table preovided with a foam
cushion just by the side of the water where the expsriment was
carried on. Two persons were required at the time of injection,

one of them holds ths hsad of the fish pressed gently against
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the cushion, while the second presses the tail with one hand
and with the other gives the injection bn the caudal peduncle
througn the meshes of the hand net (PlateXiX ). The breeders
after injection are relsased immediately inside the breeding
hapa (Platexviul). Usually, a set comprising of one female and
two males wers kept in a breeding hapa for spawning, fixed in
a nursery pond near the inlst having a gentle flow of water
into the pond (PlateXvil). The salient features which wers

maintained for the spawning are summarised hersunder :-

(i) Prior to the induced breeding expseriment one of the
nursery ponds was sundried for 10 days and refilled
with water to a 1.5 m depth.

(ii) A constant flow ot circulation of water was maintained

through a nullah feeding the pond.

Soon after gpawning the brooders were slowly brought to
one side of the hapa lesaving the sggs on thes othsr an then
removed without much disturbing the eggs. The female fish was
weighed again and the loss in weight indicated the amount of

8gg released.

The egge wsre collected from the breeding hapa when the
embryos exhibited the twitching movement, For collection of
eggs, the bottom corners of the hapa wers first untied from
the bamboo poles and then slowly lifted in order to bring all
the eggs towards the open end and scooped out with a plastic

mug and poured into a bucket containing water. Subsequently,

the sggs wers transferred into a rectangular close-meshed nylon

net held in water. This net was then lifted slowly out so as to
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allow the water to drain off and the sqggs to accumulate at one
corner. The density of eggs were then quantified with a per=-

forated and calibrated cup with a capacity of ca 150 aggs/cup.

After recording the quantity of eggs laid and the per=
centage of fertilization, the eggs were sgpread uniformly as a
monolaysr in the inner hatching hapa fixed to the shallow
margin of a stocking pond to enhance asration and easy handling.
After most of the eggs hatch out, the inner hapa along with the
unfertilized eggs and the cast egg membranss were carefully
lifted and removed. The hatchlings in the outesr hapa were
allowed to rsmain there undisturbed for 10 days following
which they were finally transferred into the Nylon hapa and

nursery pondd for rearing.

Prior to the relsass of Rohu (Labso rohipq) spawns, the

nursery pond was managed by drying, liming and manuring with
cowdung following the same programmes as discussed sarlier for
rearing of Common carp spawn. The first phase of rearing was
in a nylon hapa (2 X 1 X 1 m) by releasing 1,048 spawn of 6.5
to 8.5 mm in length. These wers fed daily with finely powdered
rice bran at the rate of 200 gm/day broadcast all over the
gurface of the water in ths hapa and the feeding regime lasted
for a period of 15 days. Subsesquently for the second fortnight
of rearing a mixturs of finsly powdersd riece bran and mustard

0il cake in 1:1 ratio at 400 gm/day was ussd,

The composite figh culture experiments attempted for

the first time in Meghalaya was conducted in one of the farm
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ponds of the State Fishery Department, in a comparatively low
altitude at Kyrdem Kulai for a duration of one year, from Feb=-
ruary, 1979 to February, 1980. The pond was of a katcha type,
spring fed of 1,000 sq m area and having a depth ranging bet-
ween 0.8 to 1.5 m. Prior to the stocking of fish, the pond was
prepared and managed as described earlier. The sesds for these
axpsriments as fry and fingerlings were procured from the
Ulubari fish farm, Gauhati and Kyrdem Kulai figh farm in East
Khasi Hills, Meghalaya. A four species combination was trisd
with two indigenous and two exotic carps with Rohu, Mrigal,
Common carp and Silver carp. The fish wers fed with a mixture
of rice bran and mustard o0il cake in 1:1 ratio every alternate
day at 5% body weight, and a weekly manuring with .cowdung at
15,000 kg/ha/yr on an instalment basis. Along with this a for-
tnightly study of the major parameters of the physical, chemical
and biological factors of the pond were made, and a monthly
sampling of fish was also conducted to note the growth rate.
The length of figh was recorded with the help of a 'fish measu-
ring board' calibrated in cm scale and a monopan balance of

5 gm seansitivity for measuring the weight. On esach sampling
date, two or thres nsttings wers done to obtain a random sample
of different spscies of fish for the record of length and
weight. After measurements fish were always released back into

the pond for further growth and development.

A fortnightly collection of plankton and water samples
wers mads from the fisgh pond at Kyrdem Kulai fish farm, Kyrdem

Kulai throughout the period of investigation from February,
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1979 to February, 1980. Among the physicochemical factors,
rainfall, atmosphere and surface temperaturs, conductivity,
hydrogen ion concentration, dissolved oxygsn, free carbon
dioxide, total alkalinity, phosphats, nitrate and silicats
wers recorded. The water samples and plankton hauls wers

generally made in the morning betwsen 9.00 to 10.00 A.M.

The rainfall data for the entire period of the present
investigations from May, 1977 to March, 1980 wers obtained
from the Meteorological Obssrvatory, Shillong, Msghalaya. The
temperaturs readings were obtaimed using an ordinary thermome-
ter graduated from 0-~50°C. Samples of water were collected
separately, one for dissolved oxygen determination and another
for the rest of the chemical analysis in 250 and 500 ml glass
stoppered bottlss respectively. The Hydrogen ion concentration
was estimated colorimetrically in\the laboratory by megns of
an elsctric pH meter and in the field with a BDH pH comparator.
"2The indicators used were Phenol Rad (pH 68-8.4 & 8DH Universsl
4,.0-11.0). Before employing the slectric pH meter it was stand=
ardised by means of standard buffer solution (usually at 4.0~
7.0 pH). Determination of dissolved oxygsn, free carbon dioxide,
totgl alkalinity, nitrate, phosphats and silicate were done by
employing standard procedurss (APHA Standard Method -~ 1995).
For ths estimation of dissolved oxygen, carbon dioxide and
total alkalinity titrimetric methods and for the nutrients
Colorimetric methods were followed. A Spectronic-20 Colorimeter
(Bausch and Lomb Model) was used for this purposs. For the

estimation of nitrate one additional technique, MNitrophenol
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disylphonic acid methpd as cited by Jackson (1964) was also
adopted. Similarly, an alternative technique of Dienert and
Wandenbulcke described by Vogsl (1961) was Pollowed Por the

astimation of the silicatse content.

As indieated sarlisr, the plankton samples were collec-
ted along with the water samples at weekly and fortnightly
intervals taken botween 7.30 to 8,30 A.M. and 9,00 to 10,00
A.M. at Fish Dale, Shillong and Kyrdem Kulal fish farm respec-
tively. The plankton was collected by fPiltering 50 1 of pond
water through a net of No. 25 bolting silk. A standard plastic
bucket of 5 1 capacity was used to draw water., On each occa-
gion a bucket full of water was taken from sach of the ten
different points on the pond surface. Care was taken to disturb
the water as little as possible while making the collections,
Each sample was then made to 50 ml by addition of water and
preserved by adding formalin to make a final 5% concentration.
It was then thoroughly stirred, a sub-sample of 1 ml was
quickly drawn with a wide mouthdd pipestte and poured into a
modified Sedqwick rafter plankton counting cell of 1 ml capa~
city. This cell has 1,000 equal sized squares etched on its
floor. Usually all the individual organisms in the subsample
wers completsly countaed. However, when blooms ware present
random squares were sselected and the organisms present in such
areas were snumerated. From this the total count per litrs
could be calculated., For thes purpose of enumaration, a compound
microscops with 10 X 10 magnification was used. All organisms

were represented numerically as units of organigms per litre af
water. ~The differant taxa of plankton wers grouped into major

Categories and presented for discussion.
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General Survey of existing fishery activities and associated
problems in the State of Msghalavya.

Meghalaya is one of the youngest states within the Union
of India. In view of its location among the hilly terrains of
the Eastern Himalayan ranges, the State has several swift
flowing rivers offering possibilities for not only generating
hydroslectric powsr for industrial purposes but as well for
fishery development and production. In visw of thess rich pot=
entialities present, the present project was undertaken to
survey and assess the total water areas, the water quality,
the available fish species and also the existing practices of
fishery management. The present data though primarily gathsred
as to the available water areas within the State, special att-
ention was focussed on aquatic systems managed by the fishery
department. The method adoptsd for this purposs was through
proformas which were distributed at all levels, right from the
individual fisherman and the private fish farm ownsr to the
State Fishery units and personnel, Maghalaya State Elesctricity
Board, Public Health Enginsers and also to the thres District
Councils. In total 5,000 such proformas were distributed to
individual fisherman alone of which only 2,553 were recovered.
In the same way, out of the 2,000 proformas issued out to
private fish farmers, 618 werse returned. The rest of the
results were gathersd from governmental departments enumerated
above by giving them modified proformas particularly suited
for sach of them. However, the hydrobiological data pressnted
in this section include the proforma information from the

Fishery Department, and additional data gathered by actual
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survey and analysis of water samples dons as part of the pre=-
sent thesis work. The account given bselow therefore embodiss
the results and findings based on cumulative data thus gathered

during a period of four years from 1977 to 1980.

Mathods followed in data collsction.

- .

Thres typss of proforma (A, B, C) were prepared so that
pach compliments the other and thersby comprehensive data could
be collected. The first relates to the individual fisherman
and his catches, the sscond to the private fish pond owner,
while ths third pertains to the various departments of ths

State dealing with fish and the water systems.

The first category of proforma was distributed to as many
individual fisherman as possible covering all the 5 districts
of the State in order to gather maximum information on the
fish catches, their quality, mode of fishing and frequency of
fishing trips. The second proforma involved the collection of
statistical information of the pond areas available in Megha=-
laya, as well as the fishes cultured and the problems arising
during fisgh culture by private fish farmers. The third deals
with data collection from the various govaernmental agsncies
concerning their programmes with reference to water area,
fishery management and the current status in the field of

fishery development in thc State of (Meghalaya.

Resgults
The data obtained through the recovery @f different

proforma were summarised and arse prossnted bslow. The



PROFORMA~A ¢ STATISTIC ON INDIVIDUAL FISHERMAN

*0 ang oug oy omb 204 Sacll ug

1) Name .
2) Village and constitusncy :
3) Monthly income :
4) Sex - Male/Fesmals :

5) Is fishing your whole time occupa=-
tion or just a hobby?

6) How frequantly you go for fishing.

7) Fishes ganerally caught

8) Do you sell the fish caught? If so,

(i) How much of it you use for home :
consumption?

(ii) If sold, how much per kg.?

9) In your opinion, are the fish popu= ¢
lation decreasing over the ysars?

10) 1f so, do you think any of the foll-
owing are the causes :
overfishing/mors poople are fishing/
many kinds of poison ussd/more sasy
and quick transport available to
reach thg fishing sites/damming/
trapping/or any other reasons.

11) Any information about the most
important sport fish of the Stats
(Mahaseer group)

(i) How frequently do you catch
these, their size and in which
seasans and what will bse thair
number in relation to the total
catch,

- = e 2y 523 S Oy



2.
3.

4.

5

Ge

9.

10.

11

12,

PROFORMA=B : PONDS AND THEIR PRIVATE USE
FISH CULTURE

Do you own a fish pond? If so, :
what is the sizs.

What fish do you grow? :

How do you obtain the fish seed?:

What is your experience with
regard to their growth:
growing well/stunted/fast.

Did you face the problem of :
seapage in your pond?

In your opinion, do you think
the sespage will poss a big
problem in fish cultues.

Did you make any attempts to :
rectify the sams.

How much did you spend on the :
congtruction of your pond.

Did you get any subsidy from :
the Government,

Do you think any other speciss :
you know of could be cultured
successfully in ponds? If so,
why and what are their namas.

What is your opinion on fish :
culture? Do you think it will

be an sconomic proposition?

If not, why do you think so?

In your constituenciss, have :
peopls tried fish culturs at
all? If so, what information

can you give? Ars there any
published rescord of fish cul-
tural practices in the past,

like gazetters, stce.

FOR



PROFORMA~C : WATER AREAS, FISH AND FISH PRODUCTION IN
MEGHALAYA

1. Names of the principal rivers of Meghala‘a :
(Khasi Hills, Jaintia Hills & Garo Hills

2. Length of rivers or streams
(Khasi Hills, Jaintia Hills & Garo Hills)

3. Origin, length and conflusnce of these
rivers/streams.

4, Total water areas
5. Water area presently ussd for fish culturs

6. Nos. of Ponds/lakes/Besls
{In numbers and total area in hectars)

7. Whether these ponds/lakes/besls are natural
or man-mads.

e se

8. Source of water
9. Do they retain watsr in dry season

LX)

10. Any problem of ssepage/evaporation encoun-
tored.

11. Local names of the fish species found S
12. What species predominate and in which environment :

13. Do any swampy arsgas available in ths Stato. :
If so, whars ?
(i) What is their approximate size in hectare
(ii) What endemic fish species are available
(iii) What is the annual production

14, Considering the difforent kinds of fresh H
water systems available which is more pro=-
ductive at present? If so, Why?

15 In youropinion what are the factors respon=- @
sible for their productivity (i.e. Physical,
Chemical and Biological factors)

16« Total annual fish production -
(i) Percentags of capturs fisheries
(ii) Percentage of culturs fisherios

17. Have you introduce the technique of compo- :
site fish culture. If so,
(i) Name the fish species introduced and
source of fish seed,
(ii) Is this system proving successful?

18« What is the annual production of fingerlings:
of Common Carp in lleghalaya?

19. What is the per capita consumption of fish 3
in the Stats?

20, What is the average landing of fish in the ¢
State with special reference to Shillong market.
{i) Where do fish come from
(ii) What are the species? Gives names.

21. What are the fishing crafts and gsars employsd:
22. What are the methods of processing and pre= :
servation commonly practised in the State.
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information gesthered on the fishing activities and catches of

the individual fisherman arc compiled and given in Table -4 & B.

As mentioned earlier, that out of the 5,000 proformas
distributed to fishermen, only 2,553 were received back from
the 48 out of a total of 60 constituencics present in the
State. The analysis of data further revealed that of the total
fishermen almost 90% of them are engaged in fishing as a hobby
and includs people from all walks of life right from children
attending schools to professional fishermen of all age groupse.
It is also of interest to note from the results that about
35% of the fPishing community constituted of women, especially
in Khasi Hills District, Generally, the fishes caught appear
to be of only in small quantities with a mean catch of 800 gm/
head/trip. The fishes thus caught comprises mostly of the

Common carp (Cyprinus carpio communis) Mahasesrs (Tor spp and

e Y

Acrossocheilus hexagonolepis), Garra spp and loaches in the

hilly ragicns, whils a mixture of both the Indian major and
minor Carps and the Mahasesrs in the plain areas. The pressnt
surveys show that fishes caught by those who fish for sports
are mainly for home consumption, while some of the professional
fishermen do sell their fishes at the rats of Rs.15/~ kg for
Common carp and %.18/=~ to .20/~ kq for thes Mahaseer. The
general consensus of most of the individual fisherman is that
the fish population is on the declins in most streams, espsec-

ially the Mahaseers, Garras, Loaches and Glyptothorax. The

various causative factors attributed for the dwindling of the

fish population are, such as damming and trapping in stresams,
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the use of toxic plants, chemical poisons and dynamiting,
resulting in overfishing. Regarding the methods of fishing, the
most common technique as ppacticed in this hill region is by
damming the stream water at the upper end with stone chips and
by placing a basket made of bamboo kept submerged in water at
the lowser end (Plate V) Thus as the flow of water decreases
both in terms of speed and guantity, the fish move downstream
where they are finally trapped in the bamboo baskets. The next
common technigue of trappimg employed in streams is by a method
of partial damming with stones commencing from either- banks
till only a narrow middle zone is left open where a bamboo
basket with both ends open is fixed (Plate V) This method is
more efficient since it prevents the movement of fish both up
and downstream which results in their final trapping. Such a
method appears to be more in vogus during April and May and
also in October and November during the breeding and spawning
seagons of fishes. The technique emplayed for trapping in

large bodies of water like the reservoirs was by the use of a
bamboo cage fitted across the mouth on the outpushing of the
lakees The mouth of the cage is provided with a sliding door
which in turn is fixed to one main string with three sids
strings. The intensity of the movement of the

string seem to indicates the presence and abundance of fish.

The door is then pulled to close down and act as a trap closing
the mouth of the bamboo cage. Normally this method of fishing
is resorted to during the monsoon season when the rising water
level naturally floods the outpushings and in turn these fen=
cing cages. Various baits such as maize, gram, rye, rice bran

and potatoes are used in this mode of fishing,



PLATE = V

(a) Showing a figh trap (basket mads of bamboo)
with one end opening.

(b) Showing a fish trap (wire mesh baskst)
with both ends opening.



PLATE Y
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One of the most important factors for the decreasing
fish population as revealed from the study of proformas is the
indisceiminate killing by the use of crude extracts of differ=
ent parts like roots, stem, fruits, leaf and even bark of
certain plants that are toxic to fish which is an ancient
custom among the tribal psople of this State. At times, this
method of poisoning is practiced either singly or by groups of
peopls and at times sven by the whole village community, per=
formed as an annual ritual, In rscent years, destruction of
figh through the use of chemicals and dynamites appears to be

on the increase.

One another specific problem pointed out in most of the
proformas is the diminishing catches of the Chocolate [lahaseer,
Acrossocheilus hexagonolepis, from the Umiam stream-and reser-
voir in comparison to the rising number of the exotic Common
carp. The MMahaseer group of fishes appear to be present throu=-
ghout +he State with their maximum catches reported during
April to October in the colder hilly regions and from October
to May in the warmsr plain areas. As per the proforma, the

maximum size recorded in angling of the catch of Acrossocheilus

hexagonolepis was 80 cm long of 14.5 kg weight from the Umiam

stream in July, 1977 and that of Tor putitora of 120 cm and 42

kg from the Kopli river in Jaintia Hills during December,1975,

Proforma B dealt with the data on ponds and their uss for
fish culturs by private fish farmers as presented in Table = (.
OQut of a total of 2,000 handouts, 618 were returned and com=-

piled and form the basis of the analysis. It is seen that there
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are about 1,131 ponds under private use covering an area of

$90 ha. Thess water bodiss appear to vary in size and range
from 0.05 to 8.0 ha and distributed all through the Stats.

The maximum number of ponds and those of large size were always
reported from the plain areas. However, most of these ponds,
specially those located in the hilly terrain have problems of
segpage and conssquently the water level drops to a minimum

and in extreme cases totally dries up in late winter and

spring season,.

With refersnce to the querries based on fish culture
technique and pond management, it is seen that the prevalent
fish culture techniquss are still mostly empirical and the
method employed in stocking the ponds is mainly dependsnt upon
natural seeds available from rivers or bought from private fish
seed suppliers sold in markets. At times a meagre supply of
Common carp seeds are being procured from the Fishery Depart-
ment Farm at subsidised rates. It was also noticed from some
of the replies in the proforma that the State Fishery Depart-
ment is encouraging some interested fish farmers by offaering
grants for construction and rectification of their ponds. The
most common practice employsd in these ponds seems to bes a form
of mixed fish culture comprising of major and minor Indian
carpsy catfishes, murrels and Common carp. Howsver, no further
details of these practices are available for any evaluation in

terms of management or production.

Proforma C relates to the various governmental despart=-

ments in Meghalaya concerning their programmes with rsefersnce



TABLE~A : Prassnts the itemwige compiled data on the fishing

Te
2.

3

4.

5.

6

7

8o

9e

10.

11,

activities and catches of individual fisherman as
obtained through Proforma=A :

Pegopls sngaged in fishing -
48 out of the 60 constituenciss do fishing.
Cateqories -

Non=earning children, to high income groups of Government
officials and businessman.

Incomg -
i) Non=sarning children; (ii) Daily wages labour (Rs.10/~day)
iii) Government and private firm employses (Rs,2500/=month)
(iv) Businessmen (more than Rs. 1000/~ day).

Sex ratio =-

Male 65% and Fsmals 35%.

Fishing -

As hobby 90% and as a profession 10%.,
fishing trips =

A mean of 20 trips per annume.

Hilly areag -
Mahaseer, Garras, lLoaches, Glyptothorax sp, Cat fishes,
Channa sppe, 'innows and Common Carp.

Plain arsas =
Mahaseer, Indian carps, Cat fishes, Channa sp. and Minnows.
Use of fish =

%i; Mostly for homs consumption.
ii) Rse 15/~kg for Common Carp and Rs.18/-=kg for Mahasesr.
(ii) Rse. 12/-ta Rs.16/-kg for Garra, Loaches, Minnows.

Views on decline of fish populations =~
No decline 10%; Causes unknown 30% and Positive decline-60%.

Methads, 'of fishing =

é13 Damming (2) Trapping (3) Toxic plants and chemicals

4) Dynamiting and (5) Rise of Common Carp population in
the Umiam river and reservoir with corresponding dec-
line of Acrossocheilus hsxagonolspis.

Information on [!lahasssr =

Pressent in almost all the strsams of the State of Meghalaya.
gi) April to October, in the hilly and cold rsgions.
ii) October to May in the plains and warmer climate.




TABLE=B : Pressnts the itemwise compiled data on the fishery
activities and catches of Individual fisherman as
obtained through Proforma=A 3

1. Average Nos. of fishing : 20
trips annuallye.

2. Fishes generally caught ¢ ahasser, Common Carp, Labeo
gonius, Labso rohita, Cirrhinus
mrigala, Puntius sarana,
Notopterus sp. wallago dtu,

Rita rita, Bagarius sp., Channa
Sp., Mastacembalus spe, Anguilla
sp., Cat fishes, loaches, Garra

spe., Glyptostsrnum.

3. Average weight of fishes : 800 gm.
caught per trip.

4. Total amount of fishes ¢ 16,000 or 16 kge.
caught annually psr man.

5. Uses of the fishes Home consumptione.



TABLE=C : Present itemwise compilation and summary of the data

2.

3.

4.

5a

6e

T

Be

9.

10,

11,

12.

gathered on private owned fish ponds.and the existing
pond management practices therein as obtained through
Proforma=B :

Pond size rangs =
0005 tO 800 hao

Species used =
Mixed spscies culture := Rohu (Labeo rohita), Catla (Catla

catla), Mrigal (Clﬂrhlnus mrigala), Calbasu (Labeo calbasy),
Gonius (Labed ggnius nius ), Puntius ZQUntlus serana y Wallago gtuy,
Channa spp., Magur ZCldrlas batrachus), Slngl (Heterdgneustks

Pogseilis), Common Carp Cyprlnua carpio).

Source of fish 'sged =

(i) Rivers (ii) Privats fish seed seller brought in hundies
in village market (iii) State Fishery Department with
Common Carp sseeds only.

Growth =

Mostly stunted. Reason not known,

Seepaqg =

Only in Hilly terrains ssepage is greatest, though a feuw
systems in the Plain arsas also.

Problem posed by Seepage =

Yes, by (i) Low level of water available in Decembsr to May.
(ii) And water drying up in spring season.

Remedial for Sespaqge -if any -
Not attempted.

Cost of pond construction =
Rangas from a minimum of Rs.400/=~ to a maximum of Rs,5,500/-,

Subsidy -
Only few fPish farmers are receiving, The amount received
ranges Prom 25% to 40% of the total gost of the construction.

Aternative cgholce of fish specisg =
No responss,

Flsh as_an enterprisg =
Most pesople think it teo be profitable,

Information of existing fish! culture =

No information on this aspsect.

o Semn o e



TABLE=D : Represent the Hydrobiological investigation of Pond
water in Meghalaya (1977-1980),

RANGE OF THE PHYSICO-CHEMICAL FACTOR
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Temper~ pH Digsol~ Fraee Total Phosphate Nitrate Silicate

aturs ved ox- carbon Alkali=  (mg/l) (mg/l) (mg/l)
(°c) ygen dioe nity
(mg/1) ide (mg/1)
(mg/1
7.0 5.2 6.0 2.0 12.0 0.003 0.01 + 025
to to to to to to to to
33.0 75 162 8.0 80,0 1625 D.35 1.6

T P e PN o Sol S SN Sut ) S G D e Sug G i) D SED SNE WNS G (RO GUN GU) GRS SN U FUY SO/ 4D B B Sup Sy 08 > o SRED 0 - [ ] Ll L

TABLE=E : Represent the fish seed produced, Parm wise of the
State Fishery Department, Government of Maghalaya
during the 5th Five Ysar Plan,
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N the F . §PAWN PRODUCED (units in millions)
ame of the Farm 197475 1975«76 1976=77 1977=78 1978=79
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1) Fish Dale Farm,

Shillong., 0,20 0,30 0.40 De20 0,50
2) Mawpun Research

Centrs, Mawpun. - - = 0.02 0.05
3) Nayabunglow Fish

Farm, Umsning. = 0.20 0.50
4) Kyrdem Kulai Fish

Farm, Kyrdem Kulai - 0.50 0.08
5) Thadlaskein Fish

Farm, - - - 0.04 0,50
§) Ladthalabph Fish . . . .

Farm, Jowai,
7) Tasek Fish Farm. -~ - - 0.0115 -
8) Gangdubi Fish Farm, = - - - 0,03
9) Digriehiring Fish - -

Farm. 0.176 0.1048
10) Dalu Fish Farm. - - - - -

Py Py




TABLE=~E : Represent the fish ssed produced, farm wise of the
State Fishery Department, Government of Meghalaya
during the 5th Five Ysar Plan.

S S SN SIS (U Su 00 R
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-1, FRY | PRODUCED: . ¢ (1 T
197475  1975=76 1976=77 1977=78 1978=79

Name of the Farm

SISy 50 pr -y e ry r-to-r
1) Fish Dals Farm, D.12 0.20 0.07 0,10 0.07
2) Mawpun Research

Centrs, llawpun. - - = 0.02 0.015

J
3) ng;fuﬁglG?hgfsh - - 0.0213434 0,50
4) Kyrdem Kulai Fish

Farm,Kyrdem Kuladl - - 0.0085 0.08
5) fhadlaskoin Fish - - 0.0031  0,0055
6) Ladthalaboh Fish

F'arm. -y L3 - -
7) Tasek Fish Farm 0,07 - - 0,003 0.024
8) Gangdubi Fish Farm = - - ~ 0.009
9 D [ []

) Ploriehiring Fish - - 0.03  0,022065

10) Dalu Fish Farm. -~ - - - -
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TABLE=E ¢ Repressnt the fish seed distributed to private fish
farmers (Assistant to Pisciculturist) by the Stats
Fishery Department, Government of Meghalaya durirnyg
the S5th Five Year Plan,

--~--'~~--~~-~~--“--~~-~~-~_~~-~--~--~-----------_ - g

Namg of the , . FRY DISTRIBUTED/SOLD
Farm. 1974=75___1975=76__ 1976=77 _ 1977278 _ 197879

1) Fish Dale  0.04831820 0.078855 0.481150 D0.86160  0,38021

Fafme .
2) Mawpun Rage

aapéh Centre “ - - 0,013 0,016
3} N b
) Figﬁ ggg*f” - - - 0,020 0,031
4) ?{gﬂeﬁaﬁgfai - - - 0.008  0.0055
53 Thadlasksin - - - 0.0031  0.0055
6) Ladthalaboh . - _ - -
FiSh Farm.
7) Tasek Fish Farm - - - - -
8; Gangdubi F.Farm - - - - -
9) Digrichiring - - . _ 0.01065

Fish Farm,
10) Dalu Fish Farm - - - - -

-y - - b




TABLE~F : Represent the average daily landing of Fish at
Shillong market for a period of six month coll=~
gcted during April 1978 to October 1978,

o e 20 0 4 0 0 0 0 o 40 R - 0 R - on cnom o
gt e Do Lo Loty
Name of the Fishss Khasl) per day Meghalaya Other
(kge) %kg.) States

e o e e e o o e e 0 e 5 0 0 B 0 5.2 % 9 0 0 o 6D B 9
1. Lgbeo gonius Kha Ski 70 10 60

2, Labeo calbasu Kha Iong 80 10 70

3. Lableo rohlta Kha Bah 100 - 100

4, Catla catla Kha Baw 75 v 75

5, Cirrhinus mrigale Kha Mpika 45 - A5

6, Hilsa iltsha Kha Iliaa 25 » 25

7+ Wallago attu Kha Buwa 20 5 15

8. Notopterus chitala Kha shitor 3a 7 23

9, Notopterus notopterus Kha Blang 20 5 1%
10, Eutropiichthysvacha Kha Basa 15 - 15
11, CIUpisomg garua - 8 - 8
12. Olq?§3g batrachus Kha Mukur 15 5 10
13. H2§§FOEHBUStBS Kha Hingki 15 3 10
14, Channa sp, Kha Thli 30 10 20
15. Mastacembalus Kha Bsgisn 7 2 5
16. Mystus sp, Kha Kot/Kha 3 " 3

Tyngkra
17+ Bagarius bagarius Kha Khla 10 ™ 10
18. Ompok sp. Kha Babia 5 . 5
19. Rita rita Kha Rita 15 - 15
20, Labeo nandina Kha ‘anin 10 5 5
21, Pugtiys sarang Kha Puthia 60 10 50
. 1 Tuna
22 fomassmsgllus e sw 0 0 -
23. Cyprinus carpio Kha Dkhar 20 20 -
24. Garra sps Doh Jei/Doh 3.5 3.5 -
Lynkdon/Doh
Thang,Byrtun
25. Neomacheilus Doh Sher 165 1.5 -

26. Minnows Kha Shalynnai 0.5 0.5 -
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TABLE=-G : Represent the Departmental Farm wise water area in
Meghalaya during 1978 -~ 1979.
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Names of the Total Stocking Rearing Nursery Potentiality

District Farms water Pond arsa Pond Pond of fry prode
area (ha.) area area uction from
(has) (ha.) (ha.) the available
Nursory area
(anticipated

fry produc~
tion in lakhs)
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1. EAST KHASI HILLS
a) Fish Dale

Farm, Shillong 0°80  0.30  0.28 0.38 1.00
b) Mawpun Ressarch

Cel-'tre, Mau}pun 1.67 0.88 0034 0047 2.00
o) Umktish Fish

Saed Farm’ 0026 0025 - 0.01 0.04

Barapani.
d) Nayabunglow Fish '

Farm, Umsning 075 0e55 0.10 0.20 1.00
8) Kyrdam Kulai

Fish Farm, Kyr~2.25 D.85 0026 1.00 4,00

dem Kulai.

2, JAINTIA HILLS

a) Ladthalaboh
Fish Farm, 0.25 0,15 0.09 0.01 0,04
Jowal

b) Thadlaskein

Fish Farm. O.24 0.1 0.0 0-0 07
3. EAST GARJ HILLS
a) fasek Fish 43,48 13,40  0.04 0.04 0.16
b) Eangdubi Fish § g 0.34 0.34 0.11 0.50
arme
4o WEST 'GARG HILLS
a) Digrichiring 0.84 0.40 0.34 0,10 0,40

FFish Farm.
b) Dalu Fish Farm 0,36 0.34 - 0.02 0.08
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TABLE~G : Present the culturable water area in Meghalaya
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Total wagter
area for
fish culture arsa ussd

upto 1980

{he.)

Presant

water

(ha.)
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TOTAL CULTURABLE WATER
AREA IN MEGHALAYA
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1) State Fishery Farm,
(Meghalaya).

2) Assistant to Pisci-
culturist.

3) Applied Nutrition
Programms.

4) Border Area Develop-

ment Programms.

5) Reservoirs «~ 3 Nos

(a) Umian (Barapani)

(b) Kyrdom Kulai
(Kyrdem Kulai)

(¢) Umtrew {Byrnihat)

6) Besls and lakes.

7) Private owned Ponds
of local people.

5303424

21.60

1121.84

10.00

32.00

1036.00

44,00

88,00

213,00

590,00

21.60

1121.84

10.00

32.00

59000

Annual Plan

Report, 1980 -
State Fishery
Deptt., Govt.
of Meghalavya.

f1

ME.S.E.B. 1979

Annual Plan Rep-

ort,1980 Fishery
Depft. ,

North-Eastern
Council Publi=-
cation No.12

Present Study
(as obtained
through Profoma=0 )
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to water area and fishery management. Data wers gathsred from
these respective agencies and the results are summarised and

presentad herswith,

Sinca the major thrust of the present thesis was to
evolve remedial measures with refersnce to fish production, the
proper identification and recognition of the causes underlying
low fish yield in this hill State is an essential prerequisits.
With this in view, the proforma C was framged accordingly to
obtain as much data as possibls for eventual study and research.
Hence the summarised information presented here forms an impor-
tant preluds to the actual carrying out of the pressnt inves-
tigations.

Water arsas

Principal rivers of Meghalaya :-

In Meghalaya, rivers, rivulets and streams hold excsellent
possibilities for fishery development esspecially those fish
which could be acclimated for the higher altitudes. Thess
major lotic systems available in the three districts of llegha=-

laya ars described bslow.

Khasgi Hills District :

(1) Umiam (2) Umran (3) Umsen (4) Khri (5) Umngi (6)
Umsyntai (7) Umterseng (8) Umbara (9) Gisang .(10) Tidek (11)
Kynchiang (Jadukata, Wahblei, Umtiniang, Kynshi, Umkrem) (12)
Mukai (13) Umiew/Umiam/Bagara (14) Khasimara (15) Umiuh (16)

Umkrem, stc.

Jaintla Hills District @

(1) Hari river (ilyntdu, Lynriang, Prang) (2) Umngot
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(Umkrem, Umsong, Umsot, Wahrashi, Umsaw, Umlane, Umtangphar,
Umiew, Umngot) (3) Umtyrngai (Umsniang, Umkhlaw) (4) Umryngka
(5) Lubha river (Umlunar, Jmsngat) (6) Lukha river (Wahmaneng,
Khongpan, Ymsnat) (7) Xopli (Umkyrpong, Kharzker, Myntang (8)

Umken (9) Umisw, stc.

Garo Hillsg Disgtrict :

(1) Moheskali (2) Mahedeo (3) Someswari (4) Darang
(Nitai) (5) Bogai (6) Tulong (7) Marsi (8) Sasai (9) Tidek
(10) Dudnai (11) Krishnaipamring (12) Tinari (13) Didak (14)
Jingiram (15) Ditti (16) Ronggai/Ringge (17) Kolongkini/

Galwang (18) Kalu (19) Daru (20) Ronkai.

L Rd

Origin, length and confluencs of these rivers :-

——

e i - -

SRS I - - -

District and . . Length
name of rivers Origin in Kme Conflusncse
(1) (2) (3) (4)

Tl M S e SN T - - -

KHASI HILLS :

1. Umiam Shillong peak Via Mikir Hills
into the Brahma=-
putra.

2. Umran Syngku/Mawrong Digru river

village (Assam)

3. Umsen Sakhirbam

4. Khri Jirang/ilariong/ Umkiam bill

Sohiong/Mairang (Goalpara) Assam.

5. Umngi Lawbyrsadgllariaw Umkiam bill

6. Umsyntai Nongstoin Boko

7. Umtyrseng Lawbyrsad Atiabari (Assam).

(Nongstoin)
8. Umbara Lymr yngksw Atiabari (Assam).
9. BGigang Nongkhongkhil Hamka (Goalpara)
10. Tidek Dubsngalpara

Moranga (Garo
Hills?

-
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(2)
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11. Kyhchiang or

12+ Mukai

13, Umisw/Umiam
14. Khasimara
15+ Umsohryngksw

16. Umniuh
17. Umkresm

JAINTIA HILLS ¢
1. Hari River

2. Umngot

3., Umiyrngai
4. Umryngka
5. Lubha

6 . Lukha

Ta Kopll

8, Umkhen

9. Umiew

Pendengra/Mobenggi=-

thin, Nongpathar,
Lummawkhlam, Nong-
stoin, Nongspung

Maharam, Mawiang,
Nongspung

Shillong peak, Maw-
phlang, MMawsmali fall

Mawsynram, Nonglah

Cherra, Dympep,
Laitlyngkot

Maw jah

Thanginath (Cherra)

Jowai, Rymbai,
Nongthymmai

Mawngap, Padu, Pam=

tadong, Thangsiri/

Mawkhlam, Mawblang/
Khlishhagem, Mawiang,

Dohkharang, Diasng-

lieng, Smit, Mawlyn-

dep, Thynroit
Thangsar:

Torangblang

Mawbyntur,
Lumkharoh

Lumpdeng, Maryng-
ksih, Dedaship
Siapong forest

Saipung resserve
forest, Shangpung,
Pamra, Tuber, Lam-
arsiang, Nongkyn=
rih, Mynso

Mawryngkneng,
Shillong psak

Mawlyntha

Lengar Bazar,
Bangladesh

Dhammalia nadi,
Bangladcsh

Shslla Bazar -

Nawagang River
of Bangladssh

Bairang Bazar,
Bangladesh

Barpuji Bazar
Hatlakading.

Lalakhal
(Bangladesh)

Khyrdm Syiemship
(Dawki)
Bangladesh

Jaintiapur
(Bangladesh)

Jaintiapur
(Bangladesh)

Dewkergul
(Bangladesh)

Bangladesh

Mikir Hills
(Assam)

Umkhen
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- .

(1)

(2)

(3)

(4)
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GARO HILLS :

Te
2.

3.
4.

5e

6o
7e

Be

Fe

10.

11.

12,

13.
14.
15.
164

17.

Moheskali
Mahadso

Someswari

Dareng
Bogai

Tulong
Marsi

Sarai/Rokai

Tidsek

Budnai

Krishnai or
Damring

Jinari
Didak
Jinjiram
Dittil

Rongalil

Kalongkini
(Galwang)

Balphakram
Balphakram
Nokrek Peak

Eastern Nokrek
Fagtern Nokrek
Balori Pseak

Balori Peak near
Tura, Darengiri

Balori Peak

Papia Psak

Jomge

Albella Peak

Dolonggiri villagse

Anogiri village

Upto hill nsar Darek
village of Goalpara

Wategiri village
Albella Hills

Rangigiri hills

165
142
205
197

148

133
127

130

144

108

174

154

196
297
173
20

106

Sylhet District
Mymensing District

Mymensing District
Via Silkigiri,
Bangladesh

Via Dalu Village,
Bangladssh

Bangladesh
Bangladesh

These two rivers
originate from
the Baroli psak
and join together
Jjust two miles
before the Garo
Hills border.

Goalpara District
(Assam) (Brah-
maputra)

Via Koknal and
Danal flow to
Checkra river

Via Msndipathar=
Jira river,
Goalpara

Via Bajendoba
into Goalpara
Disgtrict

Goalpara District
Gagua river

Didak river

Via Ringigiri
village to
Jinjiram

Via Rajaballa

villagse to
Goalpara
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18, Kalu (Ganal) Tura Peak (Duragiri) 95 Via Mankachar into
Rongram and Dilni

river.

19, Daru Balori psak 101 Western Goalpara
District.

20. Rongkai Rongkailgiri peak 85 Via Kodalchar Vill-

age to Brahmaputrae.
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Pond Fisheries :=

As per proforma data gathered, in lMeghalaya about 1775.44
ha of ponds are known to exist which offer excellent resources
for intensive fish culture of both indigensous and exotic fishes,
The State Fishery Department maintains a few ponds that are Used
mostly Por seed production ahd caters to the need of partiss

owing private fish ponds.

Resgrvoir Fishgrigs :-

The State at present has about five ressrvoirs and about
ten or more of the flexible sausage dams. The latter arse nothing
but temporary impoundments by employing stone-filled wire bags
across the river course to stem the flow though allowing a splll
over, The present existing reservoirs are the Umiam, Umtham,
Kyrdem Kulai, Umtru, Myntdu and those under construction are thse
Kopli Project in Jaintia Hills, Umiew Dam for Greater Shillong
Water Supply Schems and Syntuksiar Dam for Jowai Water Supply
Scheme. It is of interest to note that so far nons of thaesse
water bodies are used scientificially for fighery devs=
lopment programmes. But recsntly the State of HMeghalaya

has urqgently urged the taking up of the
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Uniam reservoir for fishery development programme. This system
also known as the Barapani reservoir, has about 4 sq mile or
1,036 ha of water surface  Sscretary, ME.S.E.B. Personal Comme
unication) and will prove suitable for fishery developmant

since till now it remains underexploited.

Begl Figherieg :=

The proforma data reveal that there are about 213 ha of
beels in Meghalaya (M.E.C. Publication No.12), which ars mostly
located in the Garo Hills Districts bordering Goalpara District
of Agsam and Bangladesh. A few bsels are also found in Khasi
and Jaintia Hills Districts, bordering the plain areas of Assam
and Bangladesh. Surveys of these water spreads arse nesded and
the fish spsecies thersein are yet to be assassed and hence our
knowledge of fish production from these water arsas ars totally

wanting at present.

Water area used for fish culturs :=

Though the State of Meghalaya has extensive riverine sys-
tems but no detailed survey of these systems has yet been carr-~
ied out. The State at pressnt is estimated to have about 5303,24
hectars or more of culturable ponds, lakes, ressrvoirs, besls
etc. of which the water used at present for fish culture is
estimated to be about 1775.44 ha (33.48%). But of this, only
21.60 ha are under propsr managemsnte. This constitutes a mere
0.41% of the available water sources and the remaining 99.59%
amounting to 5281.64 ha need to be reclaimed for proper fighe
ery utilizatione.

Hydrobiological investiggtionsg :-
The State has a land arsa of 22,549 sq km and lies betwsen

the latitudes of 25%47'N and 26°10'N and longitude of B89°45'E
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and 92°47'E. The average temperatures ranges from 4-34°C and the
altitude ranges from 300 to 1960 m. The range of variation in
the physicochsmical factor recorded in tha State are given in

Table= D.

List of fishes 2=

o e ety

Of over a thousand species of fish which occur in India,
eightythres spscies are found in Meghalaya (Parthasarathi
and AlPred, 1980j, of which thirtyeight are commercially
important. The following are ths list of the commercially

important fishes of the Stats.

Family Notopteridas
1) Notopterus
2) Notopterus

Family

Cyprinidae

1) Labso panqusia {Ham)

2) Labeg rohita (Ham)

3) Labec goniusg (Ham.)

4) Catla catla (Ham)

5) Cirrhinus mrigala (Ham)

6) Puntius sarana sarana (Ham)

7) Danio {Danio) acquipinnatus (McCl.)
* 8) Barilius bola (Ham)
* 9) Puntius ghalynius Yazdani & Talukdar

*10) Acrossochgilus hexagonolepis (/cCl.)

otyla gotyla (Grey)
,L" . (Ham.)

iss ;_ynchua (MeCl.)
asuta (McCl.)
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Bagridase
1) Mystug vittatus (Bloch)

- a— -

Siluridas
1) Bmpok pabo (Ham)
2) Ompok pabda (Ham)

Schilbeidaa

1) Clupeosoma garua (Ham)

2) Eutropiichthys vacha (Ham)
3) Silonia silondia (Ham)

Pangasiidae

1) Pangasius pangasius (Ham)

Sisoridas

1) Bagarius bagariys (Ham)

*2) Glyptothorax cavia (Ham)
*3) Glyptothorax striatus (/1cCl.)

Clariidae
1) Clarias batrachus (Linn.)

Hetaropneustidas
1) Heteropnsustes fossilis (Bloch)

Channidas
1) Channa marulius (Ham)

2) Channa punctata (Bloch)
3) Channa striatus (Bloch)

4) Channa grientalis Schneider

Anabantidas
1) Anabas testudineus (Bloch)
2) Colisa fasclata

Magtacembelidas
1) Mastadembelus armatus (Lacepeds)
2) Nastacembelus pancalus (Ham)

stream spsecies.
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Fish production -

The data available for fish production in Meghalaya as
revealed through the proforma information seem to be inadequate
and far from satisfactory as no proper record have been main=-
tained. Such lack of production figures may be attributed to
the following factorse.

(1) Fish production are mostly from the riverins sys=

tems and reservoirs and no landing centres as such
exist for collection of data.

(ii) Fishing habits of the people in Meghalaya is pri=
marily meant as a hobby and

(iii) Hence most of the fish caught go for home consum-
ption,
However, whatever information was gleaned from the pro-
formas and other sources are categorised as :-

(1) Fish production data of the State Fishery Departe
ment (Table =E).

(ii) Market landings (Table - F).

(1ii) Questionaire data from local fisherman (Tabls -B).

Problems of fish culture in Meghalaya State :

o - -

In visw of the presently available knowhow within the
country and proven tschnology in regard to various aspects of
fishery developmsnt, plans and projects are being considered
for Meghalaya to enhance fish production. For the present
study out of the many problems involved, two specific aspects
have been taken up for detailed survey and investigation in
terms of priorities with a view to strengthen the local fishery

establishments along sound scientific lines. Prior to actual

investigations a survey of the causes is nesded on :
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(1) high mortality of fish seeds;

(ii) the retarded growth of fish in the water bodies.

The present survey was undertaken especially because of
the completse lack of any such data available for this hill
State. Further, bscause of ths unique nature of the terrain,
climate and altitude as reflected in the water bodies, it was
programmed to obtain first hand knowledge on these problems,
though relsvant works, spscially for the tropical plains of
India are available as obtained by the Central Inland Fishery

Ressarch Ingtitute and other Statse Fishery Departments.

Thus the present survey is the first of its kind for
Maghalaya to identify the causes of mortality of fish seeds and
stunted growth., It was felt that the best way would be to go
right into the field and work with the help of officials of
fishery departments and to gather data. For this purpose we
have taken up three farms, Fish Dale at Shillong, Mawpun fish
farm near Umroi and Kyrdem Kulai figh farm at Kyrdem Kulai.
These three centres were at different altitudes with Figh Dale
at 1,550 m, Mawpun 1,100 m and Kyrdsm Kulai 850 m. Moreover,
thess Parms are chosen because they are the seed producing
centres for the Stats and supply the same to private fish far=
mers. The presant existing practice is the induced and contro-
lled breeding of only Common carp and thus the study on high
mortality and stunted growth was tonfined only to this species.
Along with the above study, a general survey of all the ponds
owned by the State Fishery Department was made during 1978,

such as the Trout farm at Shillong, Umsning Pish farm at
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Umsning in the Khasi Hills, Thadlaskein and Ladthalaboh fish
farm in Jaintia Hills and Digrishiring, Tasek, Simsangiri,

Dalu and Gangdobi in Garo hills.

Based on the present survey the problsms so far identi-
fied relate to pond management programmes, brseding, hatching,
rearing and feeding techniques, the abiotic and biotic parame=-
ters of the habitats, the system of supply of seeds and lack
of training and basic scientific knowhow of private fish cultu=-
rists. Apart from this, other related aspects which esmerged
from the survey are the site location of the farms in hilly
terrains with problems of seepage, cold climate, acidic nature
of the water and low amount of available nutrients, all con-

tributing to the mortality and stunted growth of fish.

In the following account the problems enumerated above
are individually dealt with in detail. As mentioned before;
Meghalaya with a total water area of 530324 ha is estimated to
have about 5303.24 ha of culturable water. Of these only {77544 ha
are utilized for fish culture and even out of this, hardly 2160
ha are under proper management. The rest of the5281%tha of un~
cultivated waters arec yet to be brought under proper managemant

and utilisation.,

(i) Problems of pond management :

The existing practice of fishery department with regard
to pond management commences in early January till late Febe
ruary every year. Ihc present survey conducted on this aspect

further revealed that under pond management programme no proper

drying, liming or manuring are being done in preparing the ponds.
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The drying period in most of the fishery ponds in iegha=
laya ranges betwesn 3-5 days only, and it so happens that most
ponds have not even fully dried when water is filled again. It
is well known that drying of ponds should atleast last for 12-
15 days, when all the harmful organismg present will be comple=
tely killed, thus facilitating healthy and hygienic conditions
(Report of TIFRI 1978). The liming of pond under the present
conditions was always found to be minimal as till date no pro-
gscribed dosage has been formulated for Meghalaya, although in
the tropical plains of India the amount is 250 kg/ha. It is
gean that in the fish ponds only a mare minimum and random
amount is being sprayed all over the pend surface. For example,
in Fish Dals, Shillong alone which has a total water area of
0.832 ha, only about 80 kg of lime were used annually which is
inadequate. The aspect of liming%in most waters and sspecially
for the waters of Meghalaya which have a very low pH and thus
liming should form an essential part of the maintenance of
ponds. It is nesdless to emphasiss the rate of liming as corr=
ection of water conditions for increasing the pH and alkalinity,
liberation of basss and buffering action, accselsration of deco=
mposition of the mud and reduction of the spresad of parasitic

and bacterial dissasss, snhances the overall biological activity.

One another important aspect of pond management is fare
tilization which provides ths best means of incresasing fish
production. The present survey showed that in this State,
organic manure in the form of pgwdung is the anly source of

fertilization. It has been sesen though that in almost svery
*/is very important
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farm, a truck load of cowdung is usually kept in stock, only
occasional broadcasting of twice or thrice a year was dons. The
total amount thus used when computed in terms of dosagse it
worked out to hardly 800=1,000 kg/ha/yr, while the current
prescribed amount under Indian conditions is around 25,000 kg/
ha/yr. Further, the stored cowdunq is always for multiple uss
since a good part of the same goes to the maintsnance of flower
gardens within the precincts of the fish farms. Moresver, it
was alsc ssen that the cowdung supplied had a high percentage
of plant fibres and also of an inferior varisty and of possible
low nutrient content, svidently contributing very little to the
total fertilising seffects expsctsed of such manures. The conso=
quent effect of such minimal dose of manuring combined with

low grade cowdung need not be slaborated.

(11i) Problems associated with bresding and hatching technigues
ag practised in the Stats :-~

The broodsrs ars generally collected either by netting
out from the stocking ponds at the fish farms or by angling
from lakes maintained by the fishery department for this pur-
pose. The brooders thus collected are either immediately relea=
sed and stocked in nursery ponds or temporarily kept in large
metal drums covered with hapa cloth and subsequently transfsrred
to ponds in the evening hours. All such brooders collected
from different sources were stocked togsther without segrega-
tion of males and females and maintained at a daily foeding
routine of a mixture of rice bran and mustard oil cake in a

ratio of 1:1 broadcast over the pond surfacs.
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Three methods ars followed in the breeding of Common carp
vii., wild‘breeding, control breeding and induced breeding. The
wild breeding refers to the natural spawning of the brooders in
the nursery, breeding, stocking ponds and lakss when the opti=-
mal conditions are obtained. Breeding hapa are usually smployed
for conducting the control breeding sxperiments, where ones
female and two to three males were kept together. The induced
bresding is through the well known pituitary hormone techniqus.
The initial dose of injection is at the dosage lavel of 2 mg/kg
body weight to both sexes and subsequently a second dose is

given at the rate of 4 mg/kg to the female Pish onlye.

In order to collect eggs, aquatic weeds liks Rotalla,
Hydrilla, Nymphaea and Eicchornia and even pine needles arse
provided artificially at the bank or corner of the aquatic
systems. Routine checking in the morning and evening hours is
being practised to note the presence of eggs for subssquent

transfer to initiate hatching.

Closer observations on the practice of the techniques
enumerated above point out certain drawbacks. For exampls, the
segregation of brooders was always done only an hour or two
before conducting the breeding expserimentsy although thess
fishes were always kept in the same pond for months together.
As a result what really obtainsd is that in spite of optimal
conditions of the water and temperature having reached, breed-

ing does not effect immediately but often takes even wesks.

Secondly, 1t was noticed that the male:femals ratio

normally suggested for successful brgeding is not strickly
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adhered to, resulting in variable ratios of 3:1, 2:1, 1:1.
Further the weight of male:femalo fish which ought to bo 3:1,
seldom this is observed. For these reasons, the maximum por-

centage fertilization never went higher beyond 50=60%.

The conditions and maintenance of the weed used for egg
collection are far from satisfactory, since these are simply
kept in stock in one of the natural open ponds. When used
during ths breeding experiments, the weeds wore not sven rinsed
and clsaned of the adhering debris and some of them have alre-
ady started rotting. When such esgg collectors are used, it
naturally encourages attack of eggs by several pathogsnic
microbes and parasitic organisms, which take their toll by
infecting the eggs, hatchlings and spawn, causing heavy damage

and mortality of the frys.

Whenever the brooders were kept together and for long
hours there is always a heavy spoilage and loss of gggs by the
movement of the fish within the hapa, at times further aggra=

vated by cannibalism.

With regard to incubation and subsequent hatching of the
eggs, thess werse to be kept in a double wallsd hatching hapa,
where the inner wall is of a mosquito net and the outer hapa
made of a fine mesh muslin cloth., However, it was noticed that
often overcrowding of ponds takes place with the hatchings
hapas being kept in stocking ponds which results in poor asra-
tion and spoilage of eggs caused by the pulling and tugging
movement from fishes outside the hapa. One another critical

factor which results in loss of sggs and low psrcentage of
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hatching, in spite of about 60% fertilization, is ths infsction
due to Saprolegnia, caused both by the rotting weedy substrata
used and through the fluctuating external temperature. Both
fertilized and unfsrtilized eggs are affected and the spread

of infsction goes unabated during ths period of incubation,

(1ii) Rearing of spawn and associated problgms :

Under the present existing method of fish rearing, the
hatchlings are usually kept in the hapa for at least a week to
ten days till ths yolk sacs are totally completely absorbed.
These active baby fish at this stage termed as spawn were
transferred into the nurssry ponds of 0.01 ha size. The rearing

period normally extends upto 4=5 months until the fry and fin-

gerlings ares netted out for supply to private fish farmers.

The present survey has clearly indicatsd that these
nursery ponds ars just filled with water and are practically
unmanaged. As a result, hsavy bloom of aquatic wesds (Hydrilla,
Rotalla) and many other harmful aquatic organisms such as the
Notonectids, Gerrids; Water bsetles, Water sco®pions, nymphs
of dragon flies, murrels, tadpoles and frogs abound in these
habitats. When the delicate spawn are introduced into such an
environment, the predatory and other advarse affects of the
coexisting fauna and flora heavily tell upon ths subsequent
survival of fry and fingserlings. Further, it was also ssan
that the nurssery ponds were always heavily stomsked thus lsad-
ing to heavy mortality and stunted growth in visw of the com=
paetition and demand for food, space and other favourahble

environmental parametsrs. Although such hesavy stocking is
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justified for convenience in feeding, netting and harvesting
the fish as and when need arises, the disadvantages outweigh

those of the advantages.

(iv) Dsfects in feeding techniguss :

The normal practice followed at present is to feed the
spawn and fry either with rice bran only or with a mixture of
rice bran and mustard oil caks in a ratio of 1:1 made into a
paste with water. It was found that the feed is broadcast on
the pond surface twice or thrice weekly which is undoubtedly
inadequate in terms of the stocking densities and body weight
of fish. As pointed out earlier with low or no manuring of
cowdung and with such poor feeding schedules the growth of fry
and fingerlings ars adversely affected. Such effaects are both

direct and indirect since even the natural plankton fail to

grow under such low nutrisent conditions.

(v) Lack of studies on the abiotic and biotic variables o
the fish ponds:

Apart from measurement of temperature, that too only
during the braesding season of Common carp, no detailed round
the year records of physicochemical factors ars maintained of
the ponds. So, one is at a loss to identify and pinpoint ons
or more of the target factors responsible for the well being
of the fishe. Similarly nons of the.biotic factors are being
analysed as to the seasaonality of different plankton, bottom
fauna and periphyton or any of the predatory organisms. Life
history studies and seasonality on the latter groups, will
enable to time the stocking programmes, minimise their harmful

effects and eancourage successful growth.
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(vi) Mortality effects during transport and supply of fry:
Every year during late June and July, the State Fishery
Department is engaged in the supply of seed to private fish
farmerse It is seen that the seeds supplied were sarly frys of
2.0=4,0 cm in length and 2.5-4.0 gm in weight. It is quite
obvious that the size of fry is too small as they are still
delicate for transport to long distances. Morsover these fry
are densely packed in polythene bags, thus causing depletion
of oxygen lsading to 20-30% or more mortality even before the
fry reached the pond sites of ths respective fish farmers.
The argument put forth by the fishery officials for the supply
of sush sarly fry stage is that more seeds could be given to
sach farmer and also longer retaining period of fry in ponds
will involve additional cost of fish food and more labour.
The sum total effect, howsver, is the higher rate of mortality,

in certain cases even exceeding 50-60% (Wankhar, 1977, perso-

nal communication).

(vii) Lagk of training facilit to fish farme
0

i
management and fish producti

- - > an

-

The foresgoing rssults of the survey clearly demonstrate
the empirical mode of fish culture as practised by the private
fish farmers in the State. This stats of affairs needs to bs
rectified by proper training and demonstration in pond manage-
ment and fish culture to individual fish culturists which is
unavailable at present. It is felt that the dissemination of
such knowledge is all the more necessary in view of thse

uniquesness of the hilly terrain, altitude and water quality.
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It will be ideal if a gsuitable technology is evolved through
the study and understanding of these hill arsas with reference

to the above parameters, wnich in turn will be of value to ths

psopls of the region.
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RESULTS

Results of investigations on the various aspects of
culture and breeding of Common carp carriled out at Fish Dals
farm, Shillong during ths years 1977, 1978 and 1979 are prs-
sented bslow., Thess expsriments wers on the bresding, suitabi-
lity of diffsrent sgg collectors, resaring of spawn to fry,
fry to fingsrling and fingerling to table size fish.

I. BREEDING, HATCHING AND REARING EXPERIMENTS ON THE COMMON
CARP, CYPRINUS CARPIO COMMUNIS L.

R. Bresding Exporiments :-

(1) Breedlng experiment conducted on the Common carp,
P, }__-ommon carp
Cyprinus carpio communls L. in quas :

In April, 1977 one sst OF breeding experiment was conduc=
ted with the Common carp using a breesding hapa in a breeding
ponde The ratio was 1:3 with the female brooder weighing 650 gm
and males of 625, 650 and 765 gm size (Table =I). On the same
day of the experiment the fish spawned during the night at an
ambient temperaturs of 20°C. The aquatic weed Rotglla

rotundifolia was used as the egg collsctor. Subsaqusent to

spawning the female brooder lost 100 gm of woight of which 907
is thought to bs the weight of the eggs and the rest dLe to
the fascal matter and other waste products. The individual
fertilised egg size varias from 1.4 to 1.8 mm in diameter with
an average weight of 0,0020 gm, about 500 number of eqggs pser
grame The total number of eqggs spawned was estimated to bs ca
45,000 (i.s. 500 Nos/gm X 9Q = 45,000). Bassd on 80% fertili-
zation sstimated, the number of fertilised eggs wers 35,000.

Howsver, the total number af hatchling and spawn harvested



TABLE I : Showing the breeding experiment of the Common Carp,
Cyprinus carpio communis L. conducted in Breeding
Hapa at Fish Dale rarm, Shillong during 1977
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wers 22,400 indicative of a hatching rate of 62.2%. Ths percen=
tage of fertilisation was visually estimated by counts of 500
eggs randomly selected from the different sections of the weed

provided (Table-=V).

In 1978, two sets of broeding expsriments were condhcted,
one in March and the other in the month of lMay. During March,
1978, one sst of brooders with a femals of 520 gm and males of
525, 450, 350 gm were used (Table=IIg). During this year, the
fish bred partially and spawned at night at the ambisnt temp=
erature of 18.5°C, and breseding continusd till next morning
when the temporature was lower with 16,5°C. For these experi=
ments 1.5 kg of Rotalla rotundifolia was used for sgg collsc-
tion. After spawning the female showed a loss of 85 gm in
weight and the egg size ranging betwsen 1.2-2.0 mm in diameter
and weighing 0.0024 gme. Ths estimated number of eggs/gm was
415 with the total numbser of eqgs to bo 31,747. Table-II(a)show
the psrcentage of fertilization for the bresding experiments
in 1978, It has beson calculated that the percentage fertiliza~
tion was 55%, with ths total number of fertilised eggs to be
17,460, But based on actual estimatas the total number of hat-
chlings and spawn procured were 13,160, working out to a hat=-

ching psrcentaga of 64.2%.

In ths second experiment conducted in May 1978, small
sized broodsrs were used with the female of 250 gm and malss
of 220, 265 and 300 gm (Table~IIb). One kg of aquatic weed
Rotalla rotundifolja was used as egg s@ollectors in this sst

of experimente. Tho loss in weight by the female brooder after



TABLE II (a) : Showing the breeding experimsnt of the Common Carp
Cyprinus carpio gommunis L. conductsd in Breeding
Hapa at Fish Dale farm, Shillong during 1978.
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9 10 11 12 13 14 15 16
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2.0



TABLE II (b) : Showing the breeding experimant of the Common Carp
Cyprinus carpio communis L. conducted in Breeding
Hapa at Fish Dale farm, Shiilong during 1978.

U A GRD S D SRS B SEY WCH S S T T S Geld MUD Sup NG Sub SF ST AS S GRP Gl R SUP I SR D X} SND Guip P ) S0 Gl G} B G Rl GUE B S el SUE SN S ) O S5 60 SUD D SN S GEE B G e Sy A Gy

Temp=~ Tims ‘eight Wsight Egg collec~ Loss in Expected Expscted

era= of of of tor used weight weight wsight

ture  spaw=- Female Mals (kg ) aftar of sggs of waste

(°c) ning fish fish spawning  {gm. matter

(hr.) (gm.)  (gm.) (gm.) (gm.)
1 2 3 4 5 6 7 8
1745 4,45 250 220 Rotalla 50 45 5
to. 300 rotundifolia
8,30 265 T Kg.
P.M.
{3/5/18)

Size Average Approx= Approx=- Psrcen= Fertili- Total Percen-
of weight imate imate tage of sed eggs number tags of
egg of 8g number number fartil~ expected of hat/ hatch=
in (gm. of egg of eggs ization to hatch chling/ lin

dia=- pST gm. (Nos.? (%) (Nose ) spawn (%?

meter produ~

(mm.) ced.

9 10 11 12 13 14 15 16

- 598 S S ) SN W) S W S T P W W e SuS Tel SO W ST T B TR Db g R SN ) S S Mad V) B KD WD SEG G $S5 S WS Sup S 23 63F G A0 ) ANY Gup el g MAS Sup Sup Smy Sup S Su SHp PUD S D B 4

1.3 0.0020 500 22,500 75 16,875 9,055 53,7
to
1.7

U Ay N GOR IR 400 SW Sey PR VD S G 30 B SUR GNP St S0 B SN DUl P AR S Sup BE) SE Sy SNS BY (R P VS ST SND () SUP VY SNPAs) GUF D e S GNP Mg FIB S S0 eup S - - oy oy




61

spawning was 50 gm. The egg sizes were ranging from 1.3 to 1.7
mm and weighed 0.0020 gm forming 500 numbsrs per gram of egg.
Thus the total estimated number of eggs spawned were 22,500. The
percentage fertilization was found to be 75% and based on this,
the expected number of fertilized eggs were 16,875 {Table-~II(b).
The total number of spawn harvested however was 9,055 represen=

ting a 53.,7% hatching rata.

In 1979, three sets of breeding exps-riments were (Table-
I11(a) in breeding hapas and in plastic pool, using differsnt
substratss Por egg collections, viz., the aquatic weed (Rotalla

rotundifolina), coconut fibrs raft, wooden frame with nylon

flaps and Aluminium wire frame nylon nst.

0f the above, for the first breeding experimaent conducted
in hapa the brooders ussed were females of 310 gm and males of
340, 350 and 465 gm. The breseding took place at the temperature
rangs of 19° to 20°C, In this expsriment the post-spawning weight
was 61 gm, of which 55 gm was estimated to bs the loss due to
the liberation of eggs and the rest, of waste products. The
percentage of fertilization was calculated to be B85% with the
eggs mseasuring 1.2 to 1.8 mm and 0.0018 gm in weight. On this
bagis it was seen that there would have been 555 number of
eggs per gram. Ihus the total number of eggs was estimated to
be 27,500 and with 85% fertilization, the total fertilized
sggs could have been 23,375. However, the actual number of ths
total spawn collectad from the hapa were 17,875 indicating
76.4% hatching rate. As mentioned above, in addition to thess

breeding expsriments the relative efficisncy of different egg
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collectors was also worked out for the four different types.
It was seen that ths most sfficient among them appear to be the
coconut fibre raft with the maximum attachment rate of 50%,
Aluminium wire frame nylon net with 10% (Table-VI(1). Thess
percentages werse computed based on 5 random counts in an area
of 8 X 5 cm for sach of the type of eqg collectors and such
counts in each of ths two hapas and the plastic pools (Table-
V).). The results show that Coconut fibre was five times mors
efficient than the Aluminium wire frame nylon net, 3.5 times
than that of the Wooden frame and twice efficient than the
aquatic weed. Similarly, when the percentage attachment of
fertilizsed eggs were calculated, the values ranged bstween
85% in Coconut fibre raft, 90% in Wooden frams, 95% in Alumi-

nium frame and 75% in Rotalla.

The second set of experiments in this series during 1979
was also conducted in breeding hapa on 12/4/79 using the same
four types of egg collectors. The female brooder was 425 gm
and the males of 310, 410 and 500 gm. This fish spawned in the
morning hours at the temperaturs rangs bstween 19° and 20°C.
The loss in weight of the femals after spawning was 88 gm,
where 80 gm and 8 gm wers estimated to be the amount of eqggs
and waste products of the fish respectively. Ths eggs ranged
betwsen 1.5 to 1.8 mm in size with an average weight of 0.0022
gm amounting to 455 numbers/gqm. The total number of eggs
spawned at 80 gm loss in weight were 36,400 and with 70% fer=~
tilization, the total number of fertilized eggs were estimated

to be 25,480, ilsvertheless, the total number of actual



TABLE III (a) : S3howing the breeding experiments of the Common
carp, Cyprinus carpioc communisg L. conducted in
Bresding Hapa at Fish Dale farm, Shillong during
1979.
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TABLE III (b) : Showing the bresding sxperiments of the Common
Carpy, Cyprinus carpio communis L.conducted in
Breeding Hapa at Figh Dals farm, Shillong during
1979,
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hatchling and spawn harvested were 15,380 working out a hatch=-
ing rate of 61.9%. In this expariment too the Coconut fibre
raft showed the maximum percentage of eqg attachment with 55%
followsd by Rotalla 20%, Wooden frame 209 and Aluminium wire
frame 5% in that order. In terms of sfficiency, the Coconut
fibre therefore was 11 times more afficient than Aluminium
frama, 2.5 times more of sach of the aquatic weed and Woodan
frame. Ths percsentage of fertilized sggs attached to the dif-
ferent egg collectors were 93% in the Coconut fibre, 92% in

Wooden frame, 96% in Aluminium frame and 70% in Rotalla.

(ii) Breeding experiment conductsd on the Common carp,

-

Cyprinus carpic communis Le in plastic pool :

Similar breeding sxperiments were repsated for ths third
time during 1979, although they were conducted in a Plastic
pool. The brooders used were a female of 510 gm weight and 410,
520 and 620 gm males., The fish bred at the temperaturs ranging
betwesen 18,5 and 19.0°C in the evening hours betwsen 6.00 to
7.15 P.M. The percentage of fertilization was 75% with ths
female losing 125 gm of weight after spawning of which 110 gm
and 15 gm regpectively wers egstimated to be the amounts of
eggs and waste products of the fish. The egg size ranges bet=~
wean 1.4 to 2.0 mm and of 0.,0024 gm in weight amounting to 415
8ggs per gram, lhe estimated total number of eggs spawned were
46,650 of which 34,235 numbers alone were the fertilized eggs.
Howsver, the total number of spawn produced was 28,010 at the
hatching rate of 81.8%. The attachment of sggs in Coconut fibre
was 60% with 90% fertilized ogg. On the othsr hand the aquatic

weed has 20% of attachment with 75% Pertilization. The Wooden



TABLE IV : Showing the breseding esxperiment of the Common Carp,
Cyprinus garpioc communis L. conducted in Plastic Pool
at Fish Dale farm, Shillong during *1979,.
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frame had the attachment capaoity of 15% with the fertilized
eggs forming 955. The Aluminium frame showed the attachment
value of 5% having 98% fertilized eggs. Once again, it has besn
shown that the Coconut fibre raft had the maximum efficiency

of attachment with 12 times more than that of the Aluminium
wire frams, 4 times of the Wooden frame and 3 fold increass

as compared to the aguatic weed Rotalla rotundifolia.(Tabla IVU=-VI}.

B. HATCHING EXPERIMENTS :=-

(1) Incubation and Hatching of the_eqgs of Cyprinus
carpio gommunis L. in Nylon Hapas :

Of the various breeding experiments on Common carp, con=-
ducted during the three years of investigations, only Rotalla

rotundifolia was used for egg collection in the first two

years (1977 and 1978). Whereas in 1979, four different typas
of sgg collectors wore expsrimented upon as shown earlier. In
this section, data on the hatching rate along with the offici=-
oncies and the associated problems of different substrata used
are pressented. Thus it will be swen from Table~I to 1V, the
percentage of hatching of cggs in ths production of hatchling
and spawn wers 62.2% in 1977, 64.2 and 53.7% in 1978 and 76.4%,
61.9% and 81.8% in 1979. As mentioned above during 1977, only

the aquatic weed Rotalla rotundifolia was used for sgg collec-

tion and as a result, 62.2% of hatchlings wsere obtained as net
production. It has besn ohserved that the loss of most of the
fertilized eggs in thess experiments was due to fungal infec-
tion, the main causative agent being the phycomycetous speciss,

Saprolegnia spp (Mishra, 1979 personal communication). These

fungi were seen to bloom in the rotting weed even from the



PLATE .« VI

(a) Shawing the unfertilized eggs attackad
by Saprolegnia spe

(b) Heavily infected eqgs with Saprdlegnia.



PLATE VI




PLATE - VII

(a) Third day embryo being attacked by
Saprolegniae.

(b) Fifth day embryo (just before hatching)
being attacked by Saprigledrig.



PLATE VII




TABLE V : Showing the sstimation of ths pesrcentage of ferti-

zed eggs of Cyprinus carpio communis L. attached to
8gg collsectors conducted in Hapas and Plastic Pools.
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1 100 65
2 100 82
1 apzil 3 100 75 80%
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5 100 88"
1 100 41
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I1(a)  a5eh 3 100 38 55
4 100 43
5 100 87
1 100 B85
2 100 61
11(b)  YaYg 3 100 93 75%
4 100 64
5 100 72
1 100 86
2 100 80
11(a) 45701 3 100 95 85%
4 100 75
5 100 89
1 100 77
; 2 100 63
mmr(s)  A5ES 3 100 71 70%
4 100 74
5 100 65
1 100 71
2 100 86
1V A 3 100 73 75%
4 100 70
5 100 75




TABLE VI : Showing the percentzgs sfficiences of differant sgg coll=-
sctors conducted in Hapas and Plastic Pools during 1979.
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very first day of egg incubation and by the second day it
spreads to the unfertilized sggs espacially when the tempsra-
ture of water was low and below 16°C. It was also seen that on
the third day of incubation the fungus further spreads and
infects the fertilized sggs, considerably interferring with
the hatching rate. Thus from the initial percentage fertiliza-
tion of 80% obtained soon after spawning, the day to day
increass of fungal infection ultimatsly brought down the hatch=-

ing rate to 62.2% with a loss of 27.8% or 3,600 of the spauwn.

Similarly in the two experiments in 1978 while the per-
centags of hatching was 64.2% and 53.7%, the loss during hat=
ching in the first experiment was mainly due to the prevailing
cold temperature ranging betwsen 14.5 to 19.5° during the in=-
cubation perieod, causing the bloom of Japroleqgnia spp which
again infected both ths fertilized and unfertilized eggs thus

limiting the hatching rate with a loss of 35.8% or 6,240 spawn,

In the second experiment in addition to the low tempera-
ture and attack by Saproleqnia spp further damage to fertilised
eqggs was caused by rain and hailstorm during the incubation
period thersby bring down the percentage of hatching to a very

low level with a loss of 46.3% or 7,820 of spaun.

Once again, in the thres ssts of sexpsriments conducted
in 1979, first experiment showed the production of 76.4% of
hatchlings and spawn. The fungal infection was low during this
period and was restricted mostly to the aquatic weed Rotalla

that too with much lass severity. No Saprolegnia infection was
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noticed at any time on the rest of the egg collectors viz.,
Coconut fibra, Wooden frame or Aluminium net frame during thesse
experiments. In the second seriss of experiments the percentage
of hatching was 61.9%. Saprolegnia infection spread among the
unfertilized eggs attached to Rotalla as wsll as to the Coconut
fibre raft, although no infection occurred in the Wooden frams,
Nylon flap or the Aluminium wire net frame.

PO PP aer i M I e A

eqqs in Plastic pool :

In the third experiment conducted in the Plastic pool
the percentage of hatching was recorded to be 81.8% and proba-
bly due to the confined nature of the environment all the

differsnt type of eqgg collsctors were fres of fungal infection.

C. REARING EXPERIMENTS :=-

.

(1) Rearing of spawn to fry of the Common carp, Cyprinus
carpio communis L. in Nursery Ponds :

In the month of May 1977, and April 1978 roaring experi-
ments were commenced with the spawn of Common carp in a pucca
nurgery pond and thess expsriments extended for a duration of
two to three months with continous daily obssrvations. Data on
the proportion, quantity and intervals of feeding regimes using
the feed of finely powdesred rice bran and mustard oil cake

along with manuring with dowdurig wete done.

In the first experiment 8,000 spawn of Common carp ran-
ging bstween 4.0 to 6.0 mm in length and 5.0 to 8.0 mg in
weight were stocked in the 100 sq m pond (Table=VII). During
the period of rearing, from this initial size the spawn had

grown to a fry stage of 20.0 to 50.0 mm len gth with a weight
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range of 3000,0 to 8000.0 mg. Out of the 8,000 numbers stocked
5,805 wers finally harvested indicating a 72.5% survival rate.
The rate of growth from stocking to harvestwas thus sstimated
to be 7 times of initial length while weight had increased

1,000~fold. While computing the mortality rate with a loss of

2,195 spawn, it worked out to 27.5%.

In the second sat of experiments 15,000 numbers of spawn
of Common carp ranging in size from 4.0 to 6.0 mm in length
and 5,0 to 8.0 mg in wsight were reared in a 200 sg m pucea
nursery pond. The duration of rearing was three months to the
fry stage ranging betwsen 60,0 to 90.0 mm in length and 8000,.0
to 15,000 mg in weight. The average growth rate attained during
the resaring period was 15 times of initial 1length and 1,643
times the growth in weight. The total number of fry harvested
was 9,124 giving a 60% survivality. The mortality rate was 40%

taking into account the actual loss of 5,876 numbers of fry.

During the second year, in the first experiment of April
1978 the pucca nurssry pond was stocked with 10,000 spawn of
Common carp, ranging between 8.0 to 10.0 mm in length and 10.0
to 12.0 mg in weight and reared for a period of two and half
months (Table=~VII). The Pry grew to 40.0 to 80.0 mm in length
and 5,000 to 15,000 mg in weight. The growth incresase from
stocking to harvest was sstimated at 6.5 times more in length
and 909 times in weight. The final number of fry harvested wsre
7,659 reflecting a survival rate of 76.5%. The mortality figurse

was 2,341 which worked out to 23.5%.



TABLE VII ¢ Showing the rear ing of Spawn to Fry of Common Carp,
Cyprinus carpio communis L. in a Pucca Nursery Pond
at Fish Dale farm, Shillong during the ysar 197778
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No. & Size size stoc~ ring har~ ted sizs tags of
Date sg.m. Len~ Wei- ked per- ves- o Wit e T survival
of gth ght (Nos.)iod ted 22 ﬁt 8. A

gtoc= MMe MGe (days) (Nos.) 8 g

king. MM e MJe

No.1 4,0 5,0 , - - 20.0 3,000 .. .

2/5/77 100 to tp 8,000 60 5,805 to to 2,195 27.5 72,5
6.0 8,0 50.0 8,000

2”#77 200 to to 15000 90 9,124 to to 5,876 40,0 60,0
6.0 8.0 90,0 15,000

No. 1 8.0 1G0.0 40,0 5,000

5ﬁg78 100 to te 1,000 75 7,659 +to to 2,341 23.5 7645
10.0 12,0 80,0 15,000
8.0 10.0 60.0 7,500

No.
5/04/38 100 to to 8,000 75 4,460 to to 3,540 44,3 55,7

10,0 12.0 100.0 18,000
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In the second set of experiments conducted in the same
year in another pond, ths total number of spawn stocked was
8,000, ranging in size betwseen 8.0 to 10.0 mm in length and
10.0 to 12.0 mg in weight {(Table-VII). In the two and half
month rearing period, the fish grow to a size, ranging betwsen
60 to 100 mm in length and 7,500 to 18,000 mg in weight. The
growth rate estimated from stocking to harvest works out to 9
times the growth in length and 1,160 times the growth in weight.
The total number of fry harvested were 4,460 with a survival
ratea of 55.7%. The total loss of fry was 3,540 in number resu=~-
lting in a mortality rate of 44.3%,

(11) BRearing of spawn %o fry of the Common carp, Cyprinus
carpio commynis L, in Nylon Hapag.:

In the ysar 1978 and 1979, spawn of Common carp wers
rgared in a 2 X 1 X 1 m nylon hapa placed within in a wsell
managed nursery pond. Finely powdered rice bran and mustard oil
cake at 1:1 ratio were given as feed every alternats day and

the pond itsslf was manursd with cowdung at weekly intervals.

In April and May 1978 four series of rearing expwriments

were conducted.

In the first experiment in April, 1978 (Table-VIII) 1,000
spawn of Common carp of gizes ranging from 8,0 to 10.0 mm in
length and 10.0 to 12.0 mg in weight were reared. The rearing
period lasted for 75 days at the end of which 724 fry were har-
vagtaed. Their sizes ranged in length and weight from 50,0 to

80.0 mm and 4,500 to 8,000 mg respectivaely., Thus ths growth



PLFTE =~ VIII

(a) Showing the nylon hapas for rearing
of gpawn to fry at Fish Dale Farm,
Shillong.

(b) Showing the hatching hapa.

(c) showing the nylon hapas in nursery
ponds for the resaring of spawn to fry.



PLATE VII




PLATE ~ IX

(a) Showing freshly stripped eggs before
fertilization.,

(b) First day fer¢ilized eggs.

(c) second day embryo.






PLATE - X

(a) Showing the third day embryo.

(b) Showing the fourth day embryo (morning hours).

(c) Showing the fourthhday embryo (evening hours).



PLATE X




PLATE ~ XI

{a) Showing the fifth day embrys before hatching
(morning hours).

\b) Showing the fifth day embryo before hatching

(evening hours).

(c) showing the egarly hatchling.






PLATE - XII

{a) Showing hatchling in the second day.

(b) Showing hatchling in the third day.

(c) Showing an early spawn (sixth day).
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from stocking to final harvest was estimated to be 7 fold in
length and 1,136 times in weight. The survival rate was computed
to be 72.4% and the actual loss dues to moetality was 276 numbers

forming a rate of 27.6%.

In the second sxperiment in April, 1,000 spawn wsre again
reared in the hapa (Table<VIII). The initial stocking size was
8.0 to 10.0 mm and 10.0 to 12.0 mg. During 75 days rearing per=-
iod, the fry grew to 40.0 to 80,0 mm and 3,500 to 6,500 mg in
length and weight respectively with the rate of growth of 6.6
times in length and 45.5 times in weight. The total number of
fry harvested from this experiment was 752 working out to 75.2%
of growth and survival. The mortality loss was 248 frys with a

rate of 24.8%.

In the third experiment conducted in May 1978, 1,000 spawn
ranging in gize from 8.0 to 10.0 mm in length and 10.0 to 12,0
mg in weight were reared. In the 60 days of rearing, the spawn
grsw to a fry stage ranging from 40.0 to 70,0 mm and 3,500 to
6,000 mg in length and weight. Thus the growth rate in length
and weight was estimatsd at 6.1 and 432 times the initial sizes.
The total numbers of fry harvested were 856 with the growth and
survival rate of 85.6%. The mortality rate was 14.4% with a loss

of 144 frys.

In the fourth experiment performed in May 1978, 1,000
gspawn of 8.0 to 10,0 mm and 10,0 to 12.0 mg had grown to a fry
size ranging between 30.0 to 60.0 mm and 2,500 to 6,000 mg in

a period of 60 days. The growth rate estimated was 5 times and
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384 times from initial length and weight. The final number of
fry harvested was 813 with a survival rate of 81.3%. A total of
187 Pry were lost during this experiment with a mortality rate

of 18.7% (Table=VIII).

In the year 1979 for purposesg of replication; four saets of
rearing experiments were once again planned and executed in the
month of April. 1,000 spawn of 6.0 to 10.0 mm and 5.0 to 10.0 mg
were reared in a nylon hapa (2 X1 X 1 m} for a total duration
of 75 days. The fish fry finally harvested ranged in size from
40,0 to 65.0 mm and 4,000 to 6,000 mg with the growth rate ssti=
mated to be 6.5 and 1,066 times in length and weight respsctively.
The actual number of fry taken out Pinally was 891 implying a
survival rate of 89.1%. The mortality rate was 10.9% since 109
of the originally stocked fry were lost during the expsriment

(Table=VII).

In the second sst of experiments, 1,000 spawn of 6.0 to
10,0 mm and 5.0 to 10.0 mg, grew to fry stage in the 75 days
rearing period, Their final sizes ranged betwsen 30.0 to 70,0
mm and 3,000 to 6,500 mg. As a result their growth in length
and weight was estimated to be 6.2 and 766 times from that of
the initial measurements. The total numbor of fry survived was
847 amounting to a survival rate of B84.7%. In this expsriment
the mortality figure was 153 which worked out to a mortality

rate of 15.3%.

During the third experiment conducted in the same month,

1,000 spawn of 8.0 to 10,0 mm and 10,0 to 12,0 mg, grew tg a



TABLE UIJI: Showing the rearing of Spawn to Fry of Common Carp,
Cyprinus carpio communig L. in Nylon Hapa at Fish
Dale farm, Shillong during the year 1978 and 1979.
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Expt. Hapa Stocking Spawn Rea= Fry Fry harvesg= Mortality Percen=

No. & size size stoec~ ring har- ted sizs tagse of
Data sqQeme ked per= vss=- survival
of Len- Wei-(Nos.) iod ted Len= \Wei= Nos.
stoc= gth ght (days) (Nos.) gth ght
kinge. MMe MQe mme mg e
NG 8.0 10,0 50,0 4,500
GV@»S) Z° to to 1,000 75 724 to to 276 27.6 72.4
10.0 12.0 80,0 8,000
No. 2 8.0 10.0 40,0 3,500
GV@WB) 2 to to 1,000 75 752 to to 248 24.8 75.2
10.0 12.0 80.0 6,500
No L3 8.0 10.0 40,0 3,500
- to to 1,000 60 856 to to 144 14.4 85,6
(20/5%8) % 5% 457 " 70.0 6,000
No 840 10.0 30.0 2,500
*4 to to 1,000 60 813 to to 187 18.7 B81.3
(of5/7) 2 82 150 T 60.0 6,000
No. 1 6.0 5.0 40,0 4,000
) 2 to to 1,000 75 891 to to 109 10.9 89.1
(22/4/79) © 45,5 10,0 65.0 6,000
*2 .\ 2 ) o 1,000 75 847 to to 153 15.3 B84,
(22/4/79) = 100 10,0 ° 70.0 6,500
NO. 3 8.0 10.0 50,0 6,000
OOAUWQ)Z to to 1,000 60 855 to to 145 14.5 B85.5
10.0 12.0 75.0 9,000
(3szﬁ9)2 to to 1,000 60 873 to to 127 12.7 87.3

10.0 12.0 65.0 7,500
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fry size ranging between 50.0 to 75.0 mm and 6,000 to 9,000 mg
1n the 60 days intorval. The growth rate estimated in both length
and weight was 7 and 682 times initial sizes. The total number
of fry harvested was 855 with a growth and survivality rate of
85.5% with the mortality number and rate forming 145 and 14.5%

respectively.

In the fourth expesriment, 1,000 spawﬁ of the sizes ranging
betwsen 8.0 to 10.0 mm and 10.0 to 12.0 mg, had grown to fry
stage in a period of 60 days rearing. The fry ultimately harves=-
ted were of 45,0 to 65.0 mm and 4,000 to 7,500 mg size. The
growth rate estimated was 6.1 and 545 times in length and weight
respectively. The total number of fry harvested out was 873 obt-
aining a survival rate of 87.3%. The mortality figure was 127

with a rate at 12.7%.

(1i1) Roazing of spawn to fry of the Common Carp,

‘e .

Cyprinus gcarpio communis L. in Plsstic Pools.:

In another series of roaring expsriments aimed at obtaining
results on the comparative efficiencies of the fry habitat during
1978 and 1979, the Common carp spawn were reared in Plastic pools.
The feed comprises of a mixture of finely powdered rice bran and
mustard oil caks in a 1:1 ratio. No manuring was dons as thse
pocls ware filled with pond watcr taken from the nursery pond
which had bsen manured at wesekly intervals prior to thess

expsriments.

In the first rearing sxperiment done in May 1978, the
pools were stocked with 500 spawn of sizs range between 8.8 to

10,0 mm and 10.0 to 12.0 mg (Table=1IX ). In the 60 days of
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rearing the spawn had grown to fry astage of 35,0 to 50,0 mm and
3,000 to 5,000 mg. The growth rate recorded was 4.7 and 364
times in terms of length and weight increisnt. The total fry
harvestad was 358 with a survival rate of 71.6%. The actual

loss dus to mortality was 142 fry which worked out to 28.4%.

In the second seriss of rearing experiment conducted in

the sams month of 1978, the pool stocked with 500 spawn of B.O
to 10.0 mm and 10.0 to 12.0 mg had shown the fry to have grown
to 45,0 to 60.0 mm and 5,000 to 7,000 mg in length and weight.
Thus the growth rate from stocking to harvesting was sstimated
to be 6 times and 545 times in terms of length and weight, The
total number of fry harVBsth was 302 with ths survival rato of
60.4%. The mortality of Pry was estimated to be 198 with a

mortality rate of 39.6%.

As before, two sets of experiments were conducted in 1979.
In the Pirst experiment during April 1979, 500 spawn ranging
betwean 6.0 to 8.0 mm and 6.0 to 8.0 mg were reared for a poriod
of 60 days. The growth noted after harvesting was found to be
ranging between 45.0 to 65,0 mm and 4,000 to 6,000 mg, working
out to B8 and 714 times in langth and weight. The total number
of fry netted out was 393 with a survival rata of 78,6%. Ths

mortality was 107 at the rate of 21,4%.

In the second experimsnt conducted during ths month =f
May 1979, 500 spawn of 6.0 to 10.0 mm and 7,0 to 11.0 mg reared
for a period of 60 days, had grown to a size ranging between

40,0 to 60.0 mm and 3,500 to 5,500 mg. The final growth revealed



TABLEIX : Showing the rearing of Spawn to Fry of Common Carp,
Cyprinus carpio communis L, in Plastic Pools at Fish
Dals farm, Shillong during the ysar 1978 and 1979.
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8 0 10,0 35,0 3,000
to 500 60 358 to to 142 28.4 7146
(20/5/78)10 0 12.0 50.0 5,000
8 0 10.0 45.0 5,000
to 500 60 302 to to 198 39.6 6044
(20/5/78)10 0 12.0 60.0 7,000
NG44 6.0 6.0 40,0 4,000
Y to to 500 60 393 to to 107 21.4 78,6
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10.0 11.0 60,0 5,500
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a 6-=fold and 500=fold increment in terms of length and weight.
The total number of fry harvested was 417 which accounts for
83.4% of survival resulting in a loss of 83 fry, yiolding a

mortality prate of 16.6%.

(iv) Rearing of fry to fingerling of the Common carp

[FARFAF v e FC e W B S W

 vma.e s.a-m s . > o o=

differsnt fesd combinations :

The rearing of Common carp fry to fingerling stages was
conducted in Plastic Pools of varying sizes for a period of 6
months and with different feeding combinations as detailed in
Table- X . These expsriments were carried out in the premises
of the University Campus. The rats of feeding was at 4% of the
body weight of the fish stocked and Pad every alternats day.

The amount of feed was doubled after esvery 15 days to compensatse

the corresponding growth of fish (Table- X1, ¢ Fig:4)

In these Plastic Pools experiments most ef the factors
were kept under control. The pools are rain froe as these wers
kept in a net houss covered with plastic sheet and predator
frees as well. The pH of water was maintained at an optimum
around 7.0. The data gathered from thess expsriments in differ-
ant pools are compiled and prasented in Table=XIil .It will be
seen from the Tabls that poal 1 stocked with 100 fry and fed
with rice bran, oil cake and eowdung showed the h&lghast growth.
From an initial weight ranging from 0.5 to 1.0 gm these fry
grew to a maximum sizs ranging from 35.0 tg 5140 gm in a 6
‘month rearing period. This wow»ks gut to an ayerage growth rats
of 6.8 gm psr month., The tatal numbe» of fingerlings finally

harvested was 84, accounting for a survival rate of 84% and
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amounted to a total production of 3,600 gm in 6 months. The
actual loss of fingerlings dus to mortality was 16 numbers

with a mortality rate of 16%.

Similarly, Pool 2 with a feed combination of rice bran
and oil cake and stocked with 75 fry showsd a growth from an
initial stocking weight of 0.5 to 1.0 gm to a maximum of 22,0
to 35.0 gm with an averags monthiy growth rate of 4485 gm with
a total production of 1,815 gm for the 6 months. The final num-
ber of fingerlings harvested was 66 accounting for 88% survival,

The loss dues to mortality was sstimated at 12%.

In Pool 3, stocked with 25 fry with initial weight rangs
of 0.5 to 1.0 gm growth recorded ranged from 18.0 to 26.5 gm in
6 months with an average monthly growth rate of 3.50 gm. The
feed given for these sxperiments comprised only of finely pow=-
dered rice bran. 20 Pingerlings were finally harvested accoun-
ting to 80% survival, with the total production of 462 gm in

6 months. The mortality rate was 20%.

Pool 4, stocked with 25 fry with an initial stocking
weight of 0.5 to 1.0 gm grew to sizes ranging between 25.0 to
3840 gme The growth rats on an average was found to bs 5.3 gm
per month; The fingerlings harvésted were 18 numbers accounting
to a survival rate nf 72%, with the total production of 590 gm
in six menths. The mortality rate was 28%. The fasd in this

pool comprised of mustard oil cakes only.

The Pool 5 with 55 fry showed the lmsast growth rats,

since this was the control with no supplementary food at all.



FIG. %

Graph showing the growth rats and weight of

Common Carp, Cyprigus carpig cdmmunis L. in
five different sxperimental Plastic Pools.
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TABLE X : Showing the different fesding combination given
during the rearing of Fry to Fingerlinq stages
of the Common Carp, Cyprinus carpio communis L.
in different Plastic Pools for the six month
period i.e. from September 1978 to March 1979.
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POl Nos e cmmmmmmnl28d__cOWbInations - N
1 ceee Rice bran, Mustard oil caka and cowdung
2 esea Rice bran and 0il cake.
3 ccee Rice bran.
4 cees 0il caks.
5 evon Control (no feed).

0 e O ST I e W S G S U SN SRS Y SR B St S0 TN G WS TUD DU SUR WS A0 BN Sy Gup BED G SUD WD WD G (o) B S WD I MY Lt SR & B 1) Fud St WY GNP By S Gut N SN G B St gug

TABLE XI : Showing the total amount of food given psr month on
two instalment basis, for the six months period i.8.
Septembsr 1978 to March 1979 during the rearing

experlment of Fry to Fingsrling of Cyprinus carpio
communig L. in Plastic Pools at different feed com=-
binations.
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1=15 16-30 1 15 16=30 1-15 1630 1-15 16=30
days deye TOTAL Gove daye TOTAL Gav2 daya TOTAL oo looyaTOTAL
(gm) (gn) (gm) (gm) (gm) (gm) (gm) (gm) {(gm) (gm) (gm) (gm)

POOL 0. 1 POOL NO 2 POOL NO., 3 POOL NO. 4

"'--‘-—----‘-n—-n—--——-—-‘—-——-ﬂ——-—-u———-----——-——-—--—-—a.--——----—-

56 128 184 35 80 115 14 32 46 14 32 46
140 320 460 105 240 345 35 80 115 35 80 115
280 480 760 210 360 570 70 120 190 70 120 190
560 960 1520 420 720 1140 140 240 380 140 240 380
840 1280 2420 630 960 1590 210 320 530 210 320 530

1020 1600 262G 840 1200 2040 280 400 680 280 400 680

1750 2000 3750 260 1440 2700 420 480 P00 420 480 900

POOL NO. 5 - No supplementary food
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TABLE -XIF¥ s Showing the Monthly Sampling of Fish guring the
. rearing experiments of Fry to Fingerlings of the

Common carp, Cyprinus carpiog

communis L. in Plasg~

tic Pools using different fasd combinations for
six months perfod i.s. Septembar 1978-=-March 1979.
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4
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3.0 500 4e.4
3.0 500 bded
3.0 500 4,4
3.0 500 4.4
5,0 1,800 6.0
442 1,500 5.5
45 1,500 5.5
45 1,500 5,0
4.5 1,500 5.0
5,2 2,200 740
5.0 1,800 645
5.0 2,000 6.5
5.5 2,500 645
5.0 1,800 5.0
6.0 4,000 8.5
5.5 3,000 7.5
5.0 2,600 645
5,0 3,800 7.0
5,5 2,300 6.0
8.0 11,000 9,5
7.0 8,000 8.5
6.5 6,500 7.5
7.0 9,000 845
6.0 5,000 645
.5 19,000 10.5
.5 14,500 9.5
o5 10,000 84
.0 16,000 9,
.5 6,500 7.
12.0 33,000 14,
11.0 27,000 13,
10,0 18,000 12.
11,0 28,000 13.0
.0 9,500 9,0
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TABLE XIM :

Showing the ovsrall data on the sxperiment of

growth, survival and mortality rate alonguwith
the differsnt fseding regimes smployed on thse
Common Carp, Cyprinus carpie communis L. con=-
ducted in Plastic Pools of varying sizes in
the premises of the University Campus during
September 1978 to March 1979.

Pool Size of Numbers Amount. of
Nos. the Pool of fishes Feeding combinations food given
in dia~ stocked for 6 mon=
meter (m) ths (gm.)
1 2 3 4 5
Rice bran, Mustard 0il 11,400
1 2.3 100 Cake /Cowdung). (1,500)
Rice bran and Mustard
2 1.5 75 0il Caka. 8,500
3 1.0 25 Rice bran only. 2,740
4 0.5 25 Mustard 0il Cake only. 2,740
5 0.5 55 Control. Nil
Initial wei~ Final weight Averags Total Survival Mortality
ght bsefors after harve~ monthly prod- e . o o o e
stocking sting (gm.) growth uction Nos. % Nos. %
(gm) rate (gm) in 6
months
(gm.)

6 7 8 9 10 11 12 13
005“100 35.0"‘51.0 6080 3600 84 84 16 16
005"‘100 2200"'3500 4.85 1815 66 88 9 12
Oa5=1.0 18.0=26.5 3,50 462 20 80 5 20

W g B U KW e PP KT £ W S B EIP LD O A D 6D G A K30 S0 G SUP B S STW up S W AP SuP Sg e SR £ €30 R NEY MAR N0 £ £R €8 B B CF EW Sl Guf 0N Sl € S0f W SN S8 O S U NS M S
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These fry frem an initial stocking size of 0.5 to 1.0 gm, gresw
to a maximum weight of 9.0 to 12.0 gm, with an average monthly
growth rate of 1.59 gm yielding a total production of 126 gm in
6 months. The fingerlings finally harvested wers 12 numbers
accounting for thes lowest survival rate of 22%. The loss dus to
mortality was very high with 43 out of 55, working out a morta-
1ity rate of 78%.

(v) Physico=chemical and biological factors of ths
Plastic Pools :

Temperaturs :

One of the important factors as could naturally bes expec=
ted to influence the growth of fry is temperature. Therefore,
this factor has been measured and the data pressnted. The sur=-
face tempsrature recorded from the above pools under study are
shown in Fig. 4, and it will be ssen that the range was between
10 to 21°C in all of them. The maximum value was attained during
September and October, 1978 ranging between 20~21°C, From Nov=-
ember 1978 till February 1979 a trend of decrsase in watsr tem-
perature was observed from an initial 18 to 10°C, whereas in
March, the temperature rose again to 16°C.

pH

The pH of water was found to be in the alkaline range and
varised bsetween 7.0 to 8.6 in Pool 1, 7.0 to 9.2 in Peol 2, 7.0
to 8.3 in Pool 3, 7.0 to 848 in Pool 4 and 6.6 to 10,0 in Pool
5. Thesa values along with the attendant fluctuatiens for ths
6 months period are shown in Fig. », In Pool 1, the pH of 7.0
was recorded in January 1979 and ths high value of 8.6 in Nov=

LY

ember 1978, whereas for the rest of the study period it ranged
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between 7.2 to 7.4. Similarly, in Pool 2, a pH of 7.0 was reco-
rded in September 1978 which tended to rise to 7.3 in October,
9.2 in November, only to drop to 8.3 in December and remained
stable at 8.2 for the rest of the period of study. The pH of
7.1 recorded in September in Pool 3, showed a stsady rise to
7.3 in Octobsr, thereafter the value mors or less stabilised
bestween 8.0 to 8,3 for the other months. In Pool 4, the initial
pH of 7.0 in September rose to 8.8 in Novembsr. It again drop=~-
ped to 8.6 during ths next month and becoms steady at 8.1 for
the raest of the psriod of investigation. In Pool 5, the initial
pH of 6.8 was recorded in Septembser which rose to 10.1 in Nov=
ember. It will be seen that the valus drops to 7.5 in January
and reached constant at 7.8 for the rest of the months.

Conductivity :

The conductivity valuss recorded in the five Plastic pools
ranged between 58.80 to 63.00, 78.75 to 98.70, 105,00 to 168,50,
115,00 to 168.50 and 42,00 to 52.50 umhos/cm for the five pools
respectively (Fig. 2 ). From the observations, it was noted
that in Pool 1, from an initial reading of 68.00 recorded in
September 1978 thsre was a drop to 58.80 by January 1979, wherse
again a steady rise was obsgerved to 63.00 by March 1979. Simi-
larly in Pool 2, from the maximum level of 98,70 in Septembsr
a steady decline to 78.75 in January was seen. The value again
rises to 84.00 by fMarch 1979, In Pool 3, from an initial read=-
ing of 105.00 there was a rise to 168,50 in December, which
ultimately dropped to 147.00 in January. February witnessed a
rige in value to 157.00 which once again dropped to 126.00 in

Marche Pool 4, showsd a steady rise of conductivity values from
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115,00 to 168.50 during the month of November, December and Feb-
ruary. It was noted that in January and flarch decrease in values
was recorded reaching 147.00 umhog/cm. In Pool 5, the conducti-
vity initially recorded was 50.40 which gradually decreased to
42.00 in October, but rose again in December to 49.90 only to
drop in February to 44.10, Thers was once again an increase to

52.50 in March 1979.

Dissclved oxygen :
During the present experimental period, the amount of

dissolved oxygen in these Plastic pools showsd a marked fluctua=~
tionse. Thus in Pool 1, the oxygen content ranged betwssen 8.0 to
12443 in Pool 2 from 6.4 to 11635 in Pool 3, 4.0 to 11.65 in
Pool 4, 4.0 to 10.8 and in Pool 5, 2.0 to 12.8 mg/l (Fige2).:.
In Pool 1, the low level was observed in Octobsr whereas high
values were recorded in January with a steady range of 11,2 to
11.6 mg/l throughout the rasst of the period of study. Pool 2,
showed a steady rise from 6.6 to 11,6 all through the period\of
investigation except a few lowering values in December, February
and March to 10.4 and 9.6 mg/l. Pool 3, too showed a rise from
an initial of 4.0 mg/l to a maximum of 11.6 mg/l in January

with a decrsase to 4.8 in December, Again the valuses were 10,8
and 10.4 during February and March 1979. Similarly in Pool 4,
the value rose up to a maximum of 10,8 4n January when it began
to drop in February and Mareh to 1044 and 10.0 mg/l respectively.
Pool 5, always showed a rise from a minimum of 2.0 to a maximum

of 12.8 mg/l throughout the six-month period of investigation.



FIG. 2

Graph showing the fluctuation of physico~chemical
parameters (Air and water temperature, conductivity,
dissolved oxygen and pH) in five different experi-

mental Plastic Pools.
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TABLE XIV Showing the Physico~chemical parameters analysed
during the rearing of Fry to Fingerlings of the
Common carp, Cyprinus carpioc communis L. in Plas-
tic Pools using different feed combinations for
six months period i.s. September 1978~March 1979.

S0 VT o S G ST S S TS G B G B S S P S Gt Pl S S G A S 5 B g e PG POS OD S0 B PUS TR St Su Sud S ST PR et U S0l S NS UV S D S50 G5 U 5 SIS S S BN BD B8 SN S O9D

Months & Yegr Pool Tempsrature pH  Oxygen  Conductivity

Nog. Air Vater
(ec, (eC)
1 7.1 B.4 63,00
2 7.0 a6 98,70
Septaembsr '78 3 19.0 17.5 741 4,0 105,00
4 7.0 4,0 115.00
5 6.8 2.0 50,40
1 762 8.0 61,95
2 763 762 94,50
October '78 3 23.0 21,0 Te3 502 157,50
4 7.4 502 126,00
5 Be2 6,8 42,00
1 8,6 11.2 63.00
2 9.2 11.6 86'10
Novembsr '78 3 20,0 18,5 8.2 7e6 157,00
4 8,8 8.4 168.00
5 10.1 10,4 43,05
1 76?2 10,0 58,80
2 8,3 0.4 86,10
Decemher '78 3 19.0 17.5 Be2 4,8 168,50
4 8,6 8,0 168,50
5 7.7 12,0 49,90
1 7.0 12.4 58,80
2 Be1 11.6 78,75
January '79 3 1400 11.5 8,0 1.6 147.00
4 Bes1 10.8 147,00
5 7e5 12.4 47.25
1 Te2 11.6 60,90
2 Be2 10.4 81,90
Fehruapy '79 3 12.5 10.0 8,3 10,8 157,50
4 Be3 10,4 168,00
5 7.8 12.0 444,10
1 Tel 11.2 63,00
2 Be2 9.6 84,00
March '79 3 18.0 16,0 Be1 10.4 126,00
4 Be1 10,0 147.00
5 7.8 1248 52.50
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POCL 1

Phytoplankton (Fig. 33 Table~XV) :-
(1) Scenedesmus *
This algae was found to be present throughout the period

of investiggtions, from September 1978 to March 1979. The maxi=
mum occurrence of this species was seen in the month of Septembsr
1978 and minimum in March 1979. From September onwards the num=
ber steadily dropped till March, but the relative percentage of
abundance revealed a drop from Ssptember till December with
fluctuations around that value thereaftar.

(1i) Haematococcus ¢

This species ranged from 17.18 to 64.47% of the total
plankton throughout the study psriod. In this species, ths actual
counts and their relative percentage did not tally. The maximum
number was recorded in December with 81,450 cells/litre compri=-
sing of 61.52%, whersas the relative percentage of abundance as
seen in March was 64.47% with a count of 78,120 cells/litrs. The
minimum was recorded in September with 25,120 cells/litre marking
17.18% of the total plankton. An increase in number was noticed
from October till December with a drop in January to further
rise in February and March. The relative percentage of this
group revealed an sxponential phase throughout the period of
investigation.

(iii) staurastrum :

This species ranged from 310 cells/litre (0.22%) to 3,150
cells/litre (2.43%) throughout the period of investigation.
The maximum was recorded in November and minimum in September.

It was noticed that thers was a steady rise from Octobsr till it
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reached a peak in November, and from December onwards a drop was
noticed for ths remaining period of investigation,

(iv) Pandorina :

This species was found throughout the period of investiga=
tion with the minimum in September and maximum in January compre
ising of 15 and 460 cells/litre respsctively. September onwards,
a trend towards ths incrsase in numbers was noticed till a peak
was obtained in January, with a drop in February to riss again
in March.

(v) Anabasna :

Anabaena reached a.neak in November with 1,300 cells/litre
but only 1.00% of the total plankton, while the minimum was in
September with 185 cells/litre making a percentage of 0.13%. As
in Pandorina hers too a rise was observed from September till a
peak was formed in November. From December a drop was noticed
till February to rise significantly in March.

(vi) Aphanocapsa :

This species was found to be present only from September
to December 1978 and was>absent throughout the rest of the study
period. The maximum was rsached in November with 80 cells/litre
and the minimum in September with 15 cells/litre. This speciss
too showed an increasse from September to reached a psak in Novy=
emher, dropped in Decembar and disappeared thereafter.

(vii) Nitzehia :

This species was found during September, October and Dsec-
embar 1978 and January and Fsebruary of 1979. The peak was obtai-
ned in October with 40 cells/litro making 0.02% of the total
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plankton. In Novembsr it was absent to again reappear in Dscember
with a rise in January, to drop in February with a minimum of

only 5 cells/litre and totally absent in the month of Marche

Zdoplankton = POCL 1

(1) Protozoa (Difflugia sp.)
This species was found to be present throughout the period

of investigation, maximum being rscorded in November with 8,510
cells/litre and 6.57% while the minimum was in January with
2,175 cells/litre and 1.91%. From September onwards there was an
increase in the population till it reached a psak in November. A
drop was seen in December which reached the minimum in January,
February and March revealed a trend towards the incrsase.

(11) Rotifera (Agplanchna sp.)

This species rangsed from 25 cells/litre to 160 cells/litrs,
with a maximum in November. The minimum was rscorded in Septem=-
beey. January and February. From September onwards an increasse
in the t~end was seen, till a peak was obtained in November, but
abruptly dropped in December reaching the minimum in January and
Februarye. March revealed an increasing trend.

(iii) Cladocera (Moina sp.)

This species were maximum in October with 240 cells/litrs
and the minimum in January with 60 cells/litrs. Though found from
September, yet it reached its peak only in October. From Novembsr
onvards a steady drop was noticed till the minimum was recorded
in January. An increasing trend was again noticed during the

subscequent months.



FIG., 3

Graph showing the relative percentage abundance
of different groups of Phytoplankton and Zoopl-
ankton in experimental Plastic Pool No. 1.
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TABLE XV

Showing the groupwise ssasonal abundance of diffsrent
Phytoplankton and Zooplankton in the rearing experiment
of Fry to Fingerling of Cyprinus carpio communis L. in
Plastic Pools with different feed combinations from
Septembsr, 1978 to March, 1979,

pOOL 1
GG Bt g BB DS GME N SR A g B S 51 60 DS B P G R SO il B TR ARG CH 08 e a ~~~~~~~ -y S ) Gug iy gug o) T S S eng ol G W SN Gl SN NS 0 6 G W S 408 Sl Gl S SN BE AN B P
Name of the y
117600 85200 55350 41200 38400 35200 34150
SCENEDESMUS g s 63,95% 42.75% 31.10% 33.66% 30,99% 28.18%
25120 39840 BO550 81480 70600 72300 78120
HAEMATOCOCCUS °'7 787 29.90% 46.77% 61.52% 61.88% 63.61% 64.47%
310 1600 3150 3000 1750 1400 1200
STAURASTRUM 00,206 1,208 2.43% 2.26% 1.53% 1.23% 0.99%
15 60 280 400 460 200 350
PANDORINA L0195 J05%  .22%  J30%  J40%  .18%  .29%
185 800 1300 1000 400 450 720
ANABAENA 139 L60% 1.00% 759 J53%  .39% L5979
15 20 80 30 - - -
APHANOCAPSA .01% .01% .06% .02% - - -
25 40 - 10 25 5 -
NITZCHIA J02%Joo2% - L01%  .02% .004% -
PROTOZOA 2800 5350 8510 5230 2175 3990 6470
(Diffugia sp) 1.9% 4.02% 6,57% 3.95% 1.91% 3.51% 5.34%
ROTIFERA 25 87 160 40 25 25 40
(Asplanchna sp) .02% «06% . W04%  J02% L 02%  ,03%
CLADOCERA 80 240 85 65 60 90 130
(Moing sep) .05% 180 . 07% 055  JO5%  .08%  .11%

S Gl g R £ Mt S R D Bl Sah S8 G S B TR B Gy G e W et Bt g A M G SND AN S ) SRR SeE I Q) S B SED Segl B S GRO S SEE SN U Y WS G G SR S SuR B W
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pooL_2

Phytoplankton (Fig. 4 and Table=XVI) :=

(i) Scenedesmus :
This speciss ranged from 74.60% to 33.80% throughout the

period of investigation. The maximum was recorded in September
with 99,280 cells/litre amounting to 74.60% and the minimum in
March with 40,500 cells/litre comprising of 33.80%. From Septem=
ber onwards the number decresased stsadily till March, whils ths
relative percsntage of abundance dropped from September till Dec—

ember with a rise in January to again drop in February and March,

(1i) Haematdcoccus :

This species was found to be present throughout the study
period Porming a psak in March with 62.,90% and the least in Sep-
tember with 21.88%. It was noticed that the numbers of abundance
amang this species increased month after month till Decembesr with
a drop being observed only in January to again riss in February
and March. The relative percentage of abundance showsed an increa-
sing trend Frém September onwards till it reached a peak in March,

(1i1) Staurastrum :

This species was found to prasent from September to Febru=-
ary only and was absent in (larch. The maximum was recorded in
Novembsr with 7,700 cells/litre and the minimum in February,
1979 with 325 cells/litre. This speciss showsd an incrsasing
trend from September to November but revealsd a drop from Decem-

ber onwards according to the minimum in February.

(iv) Tetrallantos :

This species was limited only in the two months of the
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study period i.e. during Jctober and November. The maximum was
recorded in October, with 1,360 cells/litre and the minimum of
890 cells/litre in November.

(v) Anabaena :

Andbacna was seen to be present from September to January
and absent in February and March. Maximum was reachsd in November
and the minimum in Septembsre. From September to Novembsr an in=-
creasing pattern was noticed, when a drop was seen in ths subse=-
gqusnt two months.

(vi) Euglena @

Eudlena was seen to bs present from September to January
only and absent during the rest of the study period. This speciss
showsed an increasing trend from September onwards to reach a peak
in December, with a fall in January and abssnt completely in

February and March.

Zooplankton :=- PO 2
(1) Protozoa (Ascomorpha)

This species was ssen to be present throughout the period
of investigation. The maximum was recorded in November with 8,090
cells/litre forming 5.59% and the minimum in September with 1,250
cells/litre of 0.94%. An increasing trend was noticed from Sep=
tember to Novembsr when it dropped in December and January. In
the month of February, a rise was noticed whith continued till
Marche.

(ii) Rotifera (Polyarthra sp.)

This species occurred only during October and November but

was absent throughout the rest of the study period. The maximum



FIG. 4

Graph showing the relative percent abundancs
of different groups of Phytoplankton and Zoo-
plankton in experimsntal Plastic Pocl No. 2.
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TABLE XVI : Showing the groupuise seasonal abundance of differsent
Phyteplankton and Zooplankton in the rearing experi=-
ment of Fry to Fingerling of Cyprinus carpic communis
L. in Plastic Pools with different foed combinations
from September, 1978 to March, 1979,

POOL = 2
Name of ths
Species SEP ocT NGOV DEC JAN FEB MAR
SCENEDE SMUS 99280 60000 52750 50800 48200 44540 40500

74.60% 46.85% 36.42% 34,52% 38.69% 37.07% 33.00%

29120 46800 65130 80240 69500 72000 75360
0
HAEMATOCOCCUS 51 884  36.54% 44.97% 54.53% 55.79% 59.92% 62.505%

TAU 1740 5920 2700 2410 1100 325 -
STAURASTRUM 1.31% 4462%  5,32% 1.64% .88% 275 =
- 1360 890 - - - -
4
TETRALLANTOS - 1. 06, 624, B - C ~
\ 500 3200 5130 2650 1140 - -
ANABAENA L37%  2.50% 3.54%  1.80%  ,92% - -
UG 1200 400 4500 5510 1930 - -
EUGLENA 90 3,124 3.11%  3.74%  1.55% - -
PROTOZOA 1250 6000 8090 5550 2700 3300 3950
(Ascomorpha sp)  .94%  4.70%  5.59% 3,775 2.17%  2.75% 3.30%
ROTIFERA - 800 640 - - - -

(Polyarthra) - «62% o 44% - - - -
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was recorded in Octobor with 800 cells/litre forming 0.62%

and the minimum in November with 640 cells/litre (0,44%).

pooL 3
Phytoplankton (Fig. 5 and Table XVII) :=

(¢) Scenedesmus :

The relative percentags of abundance of this speciss show-
ed a Becreasing trend from the month of September to Novsmbser
and a rise from December to March. The maximum was recorded in
March with 10,210 cells/litre forming 71.45%. The minimum rela-
tive psrcentags was obssrved in November with 37.73% for 8,140
cells/litre, though the minimum number among the group was
obssrved in September with 7,780 cells/litre making 45.60%.

(ii) Haematococgus :

The maximum recorded in this speciss was 9,280 cells/litre
amounting to 54.40% in the month of September and the minimum
was recorded in March with 4,080 cells/litre of 28.55% relative
abundance. It was noticed that the relative percentage of
abundance decrsassed stesadily from the month of Septembsr till
Dscember, when it shot up 1n January to again fall in the sub=-
sequant months.

(1ii) Staurastrum :

This species was found to be pressnt only from October to
January and was absent in September 1978 and February and March
1979. The maximum was recordsed in the month of December with
5,900 cells/litre and the minimum in January with 1,340 cells/
litre. From October onwards an increasing trend was noticed
till it reached a peak in December, but subsequently dropped in

January to the minimum when it completely disappeared for tho

rest of the study psriod,
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Zooplankton :- POOL 3

Rotifiera (Polyarthra) @

folyarthra was sesn tu bs present only in the month of Oct=

ober and Novembsr and wore absent throughout the rest of the
study period. The maximum recorded was 1,120 cellg/litre in Nov-

ember and the minimum of 800 cells/litre in October.

POOL 4
Phytoplankton (Fig. 6; Table=XVII) :-

(1) Scenedssmus :
This species was observed throughout the period of investi-

gation, with the maximum of 85:15%, in the month of March and
with the minimum of 30.35% in September. It was sesn that from
Septsmber onwards an increasing trend was noticed till it reached

the peak in March with 5,03,500 cells/litrs.

(1i) Haematococcus :

The maximum relative percentage of abundance of this spe-
ciss was observed in September with 69,65% and the minimum in
March with 9.65%. From Septembsr onwards the relative percentage
of abundance dropped month after month till it rsached the mini-
mum in March. It was noticed in the month of October that this
species showed the maximum number of 2,86,400 cells/litre though
forming only 44.97% as compared to that of the month of Septsm-
ber with 2,52,800 cells/litre of 69.65%.

(1i1) Didtyogphaerium :

Dictyesphasrium occurred in the plankton sample enly during

October, November and Dacember. The maximum was recorded in
October with 12,800 cells/litre and the minimum in November with
3,620 cells/litre. This species showsd a decreasing trend from

October onwards till it reached the minimum in November.



FIG. 5 and 6

Graph showing the relative psrcent abundance
of different groups of Phytoplankton and Zoo=-
plankton in experimental Plastic Pool Nos., 3
and 4, ’
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(iv) Chrysococcus @

This species was found to be present from October 1978 to
March 1979 and was absent in September. The maximum was recorded
in March with 30,770 culls/litre forming 5.20% whereas the min=
imum was observed in October with 13,600 cells/litre of 2.14%.
This species showed an increasing trend every month beginning

October 1978 and rsaching a peak in March 1979,

POCL 5
Phytoplankton (Fig. 7 and Table XVI1) :=~

(1) Scenedssmus :
The maximum occurrsnce of this speciss was recorded in

October with 8,56,080 cells/litre and the relative minimum
percentage of abundance was seen in November with 4.24% for
3,55,000 cells/litre; whureas, September month showed the least
numbers of occurrsnce, with only 1,68,000 cells/litre forming
29.01%. Though a psak was reached in Octobser, yet in November
it dropped to a minimum. Again in December a steady rise was

observed for the remaining period of study.

(i1) Hagmatococcus, :

This species ranged from a minimum of 56.14% as obssrved
in October to a maximum of 96.76% in November. The actual counts
and their relative percentage did not tally. The maximum numbser,
recorded in March was 99,24,000 cells/litre amounting to only
92.67%, whareas the maximum relative percentage of abundance with
95.76% for 80,25,100 cells/litre. Similarly the minimum number
recorded in Septsmber with 4,11,200 cells/litre of 70,99%, was
actually observed as minimum relative percentage of abundance in
October with 56.14%. A fluctuating trend in the relative percen=-
tage of occurrence, when 70,99% recorded in September dropped to

56.14% in October, to riss inNovember and drop in the subsequent months.



FIG. 7

Graph showing ths relative psercent abundancs

of planktonic organisms, Scensdesmus and

Hagmatococcus in axperimental Plastic Pool No.5.
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TABLE XVII : Showing the groupwise seasonal abundance of diffe
srant Phytoplankton and Zooplankton in the rearing
expsriment of Fry to Fingsrling of Cyprinus carpis
communis L. in Plastic Pools with diffserent fesd
combinations frm Scptember, 1978 to March, 1979.

POOL = 3
Name of the
Spacies SEP ocT NOV DEC JAN FEB MAR

G S D B o) SN ST GuG S D DG St Jup WES RO S Smp Bew Guu SV D U S U O 6T Sk SUL B Sy uE S M DG G4 T ) S Gt o O30 D G G G Sl T ) GO D S ) b W OGN B T S QAP Bu SIS Gug SF M (R s

7780 7920 8140 8560 9240 9580 10210
SCENEDESMUS 45,607 37.79% 37.72% 41.41% 56.58% 66.21% 71.45%

9280 8240 7800 6210 5750 4890 4080
HREMATOCOCCUS 547409 39,314 36.14% 30.05% 35.21% 33.79% 28.55%

- 4000 4520 5900 1340 - -

STRURASTRUM . qo.08% 20.95% 28.54% B.21% - -

ROTIFERA - 800 1120 = - - -

(Polyarthra) - 3.82% 5.19% - - - -
POOL 4

A AR R Sy S UL D S St Gt U S S Smp SR D Tt Sl W (NG B GV Sl SN U G g Qe A Su Sup g Bl SEG S VB A S G G G A G GER Gy STS D G U S SU D ) S SUE SIS A8 Sul SRS M SN Gk G SUE SR

SCENEDESMUS 110160 324000 299680 378000 401570 422050 503500
30,35% 50.88% 58,07% 69.89% 75.23% 80.39% 85,12%

052800 286400 192000 140000 405000 75950 57000
HAEMATOCOCCUS 00" ¢se 44.97% 37.20% 25.88% 19.67% 414.46% O.65%

- 12800 9400 2620 - - v
DICT YOSPHAERIUM 2om1%  1.80%  Lem - i ;

- 13600 15000 19250 27200 27000 30770
CHRYsOCOCCUS 2.14%  2.91%  3.56%  5.10%  5.15% 5.20%

T O S D S VO T S0 S G B ) P B S I Bl SN S D S S P G S Gk S S Suy B S S SIS BUS BE S B SV G WG U0 SND (UG SN SUS A S S G SU SN SUE A0 D 4VD Gu0 SNE OUB TdbSED () S T S OB B

POCL 5

Gy 00 ) G e D Gu S BER G SuU B OY O} S4B Tasky S Bp TuP S Gup GNP Su GuD GvE SN Sup Supt G Pub ) S NG ek 0 T ) SeR Bk ) S S g et S S D D W S S S S S LD T Y T T T )

\ 168000 856080 355000 428000 553500 662000 785000
SCENEDESMUS o5 049 43.86%  4.24%  4.47%  5.66% 6.69% 7.33%
411200 1095600 B025100 9152000 9230000 9510500 9924000

HREMATOCOCCUS 70 997 56,14% 95.76% 95.53% 04.34% 93.31% 92.67%

S N S I Sy S . S B S EE TR SN O uy e S W P G B G WG 4G B S (T G B T B PR B G SR W G 66 0 S e S o S on *e - S0 e ow ) dy SN SW 5 G YN SEen
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carpio communis L. to Table size Fish in Pucca
Nurgery Ponds :

This experiment was conducted during November 1977 to
Novembsr 1978 in one of the pucca nursery ponds of 0.025 ha and
1.5 m depth located at the Fish Dale, Shillong. The purposs of
this experiment was to note the growth rate of Common carp and
compute per hectare production per annum at the altitude of
1,550 m of Shillong. The fingerlings ussd for this sxperiment
bslonged to the 1976 brood and ranged betwern 6.0 to 16.0 cm
in length and 5.0 to 50.0 gm in weight. The fesd for thess fish
comprised of a mixture of rice bran and mustard oil cake fed

every altsrnate day along with cowdung manure provided at

wesekly intervals on an instalment basis (Table=XVII and Fig.8).

The results of this experiment revealed that the maximum
weight attained by these fingerlings was 585.0 gm (Table=XIX),
while the total production of fish was recorded to be 106 kg in
a 0,025 ha pond for one year duration or 4,240 kg/ha/yr (Tabls=-

XIXy -XX and Fig. 9).

Apart from this, month to month measurements of growth in
terms of length and weight during this 12-months experimental
duration showsd that most of the figh attained their maximum
growth by April 1978, five months time after stocking. At the
end of these five month period the maximum length and weight
recorded for the fish were 29.0 cm and between 390.0 to 405.0
gm. Subsequently it was also noticed that a sudden fall of mean
weight occurs in the population in May 1978 when the weight

ranged from 330.0 to 345.0 gme. This decreass in mean weight



PLATE =~ XIII

(a) Showing an overall view of the Pucca
Nursery Ponds at Fish Dale Farm,
Shillong for ths rearing of fingsrlings
to Table Size fish of Cyprinus carpio
communis L.

(b) Showing the source of water for tha
Pucca Nursery Ponds.

(c) Showing the water passing through
diffeorent nurseries before rsach=
ing the Pucca Nursery Ponds.



PLATE XIII




PLATE = XIV

(a) Showing the netting of fish from the Pucca
Nursery Pond.

(b) Showing the initial size (length) before stocking.

(c) showing the intial sizs (weight) bsfore stocking.






PLATE -~ XV

(a) Showing a haul during the harvest of fish from
the Pucca Nursery Pond.

(b) Showing the length of the Common Carp, Cyprinus
carpio communis L. aftar six monthg of stocking.

(c) showing the weight of the Common Carp, Cyprinus
carpid communis L. after six months of stocking.



PLATE XV




PLATE - XVI

Shawing the maximum size attained
after one year of rearing experiment
in Pucca Nurssry Pond,



PLATE XVI




FIG. 8

Histogram showing the maximum and minimum
weight of the fish along with the amount of
supplementary food given par month during

the rearing of Fingerlings to Table size

fish of Common carp, Cvprinus carpioc communi's L.
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FIG. 9

Graph showing the maximum and minimum weight
of Common Carp, Cyprinus garpio gommunis L.
during the rearing of Fingerlings to Table
size fish at Fish Dale Farm, Shillong.
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TABLE=XVII:Showing the details of the amount of Supplemsntary
Feed given per month during the rsaring of Finger=-
lings to Table size fish of the Common carp,
Cyprinus carpio commynis L. at Fish Dale farm,
Snillong during the year 1977 - 1978,

T P G S ANt SIR G SR MG M SD D SN 6 MAD NP SN SN SR GES WD TED S SLG Sof GIN Gug ST GUB Sl ¢ Sup CAF SN Suy FRD AP Sl PP ANE Gm) G SN QR TNY Gum SRS G (B NP G OIS NN G a3 ING UG SO NS GI Gub NS O W

Momth Amount of Food/Morith (ks gﬂtal Azog'jz Cake)

Rice Bran  0il Cake nice bran anc Uli Lake
December 3,000 3,000 6,000
January 6,000 6,000 12,000
February 9,000 9,000 18,000
March ; 9,000 9,000 18,000
April 12,000 12,000 24,000
May 15,000 15,000 30,000
June 18,000 18,000 36,000
July 24,000 24,000 48,000
August 24,000 24,000 48,000
Septembsr 30,000 30,000 60,000
October 36,000 36,000 72,000
November 40,000 40,000 80,000
TOTAL 2,26,000 2,26,000 4,52,000

= 4,52,000 gm or 452 kg.

S0 A A G T P GUE S GAS S AnD ER3 GAD BN Pul St wagp M B Y G S AEPEUD eh b SN G Sk Gy Ao (D GMD S S WS By €3 ) ) G S ek Y G ) ) Gy D 2D S AP S5 D S el B Sull S SEE GIP Sy SS Qo S )



TABLE=XIX: Showing the Monthly sampling of Fish, C

Minimum Size

D s B SNP S N S ED uD S P 0 S90 MNP S AuD S0 GRS ORD Ol VI ST SUD Sp b = BN GNP S S (NG So0 SR WD B SR GO S SR 008 O U0 0 B0

Month and Year
: Weight (gm) Longth (cm)

rinus

carpio communis Le conducted at Fish Dale farm,

Shillong during the ysar 1977 = 1978,

f
L-nv-—-

Length {cm)

Maximum Size

Weight {gm)

20 w9 MR T U D Gt R a TS NP S GNP NP ST WD GU0 SUD NS S D o Bt Gep SV S S SHD i Gt T SN U 3D G G TAE i D el @0 B Gub a8 Say D BIF D SUU SUS °R SND BN R SNF BND G NP P B SUD Gus Gm ey

NGOV,
DEC.
JAN,
FEB.
MAR.
APR.
MAY
JUN .
JuL.
AUG,
SEP.
0CT.

NOV .

1977
1977
1978
1978
1978
1978
1978
1978
1978
1978
1978
1978
1978

6.0
Be5
10.0
12.0
10.5

13.0

14.5
4.0
5.0
65
9.5

13.0

15.0

5.0
18,0
24.0
30.0

35.,0-40.0
45,0=55,0
50.0-80,0

1.0

4.0

8.0
25.0

30,0-40,0
65,0

1640
175
1845
20.0
28,0
29.5
30.0
30.,0
3145
3245
34.0
36.0
37.0

50.0
85.,0-95,0
105,0-150,0
165,0~200,0
35040=365.0
390,0=405.0
330.0-345.0
34040~370,0
400,0-415.0
400,0-465,0
490.0-516.0
525,0=535.0
565.0-~585,0

N g WD SUD QU AT AN S GUD G SIS AN) GN) G AU SIS WA KR 08 VIR T TNS NP A0 SN0 SN G 40 G b Suh G S ST SN ) G Dt SN ) IS SN AR AN TD D S8 N S0 PT M S5 @ D SIS0 G AN SR AN B G S G B Y



87

. could be attributed to the loss of weight in May due to the
breeding and spawning of the fish following the tremendous dsv=-
elopment of the gonads in April, since some of them reached
maturity. Again it was seen that at the farm pond at Fisb Dalse,
Shillong, the average annual watser temperature ranging between
11.0 to 24.5°C probably provided the necessary conditions for
the fingerlings to mature in the second year as these belonged
to the previous year brood of 1976, It was further confirmed
that in Juns 1978, a recruitment of small carp fry ranging bet-
wesn 3.0 to 3.5 cm in length and 0.6 to 1.0 gm in weight wers
also recorded along with ths regular monthly sampling of figh,
It is thus seen that the voluntary bresding of the stocked fish
with the resultant fry have also contributed towards the fisgh

biomass and in turn to the total production.

(vii) Physical factors of ths Pucca Nursery Pond, :-

» = - - - -- - - e

Tempsrature :

The temperaturs recorded in this pond for the periéd Nov =
ember 1977 to November 1978 ranged between 10=24,5°C as shouwn
in Fig. 10. Low temperatures were noted in Dscember, January,
February and March which ranged between 10-16°C and the lowest
observed in January and February with 11 and 10°C., The highest
temperature was seen in September with 24.5°C. The trend of
temperature fluctuation in this pond shpwed that from April to
June there was a steady riss in water tempsrature for the rest

of the study psriod till November 1978 when it dropped to 16°C.
(viii) Chemical factors of the Pucca Nursery pond :-

o 0n 8 B LB Heha HESE L.Of¢
H :
pX ¢

In this pond the pH was always in the acidic range and
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varied betwsen the minimum of 6.3 to the maximum of 6.9 through=-
out the annual cycle. Even the trend of fluctuation of pH val=-
ues were not significant as most of the yesar it ranged betwsen
6.4 to 6.6 during the experimental period (Fig. 10 ).

Conductivity :

The conductivity values rscorded during the 12-month
period of the present growth expsriment ranged betwsen 33.60-
66415 umhos/cm (Fig. 30). The lowest values were obssrved in
November 1977 with 33.60 umhos/cm while the highest value was
in December with 66.15 umhos/cm. From January to November 1978,
the conductivity values were almost constant around 57.75 umhos/
cm though slight fluctuations were observed in April and August
1978 with 53.55 and 54.60 umhos/cm respsctively.

Dissolved oxygen :

The amount of dissolved oxygen varied between 8.4 to 14.0
mg/l during the 12-months study period. As sean in Fig. 11, the
oxygen values usually ranged betwesn 8.8 to 10.4 mg/l for a
greater part of the year, though the maximum values wers recor-
ded in November 1977 while the minimum was in December 1977 and
January 1978,

Fres Carbon-dioxidse :
The fres carbondioxide was observed to be present through-

out the period of study (Fige. 11 ). and fluctuated between 2.0
to 6.0 mg/l. The minimum value was recorded in Decembsr, Jan-
uary and fFebruary whereas the maxima wers in July, August and

September, the values during the rest of the months being 4.0

mg/l.


http://_Ca.r_b_o_n-.dio

FIG. 10

Graph showing the suasonal fluctuation of
physical parameters {air and watsr temperaturs,
pH and conductivity) during the rearing of Fin-
gerlings to Table size fish of Common Carp,
Cyprinus carpio communis L. at Fish Dals Farm,

Shillong.
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FIG. 11

Graph ghowing the ssasonal fluctuation of physi~
cochemical parameters {fres carbon-dioxide, diss=-
olved oxygen and total alkalinity) during the
rearing of Fingerlings to Table size fish of Common

Carp, Cyprinus carpioc communis L. at Fish Dale Farm,
Shillonge.
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Total Alkalinity s
The total alkalinity recorded in the present study ranged

between 20.0 to 44.0 mg/l with the maximum value observed in
November and the lowest in December 1977 {Fig. 11 ). Again in
January 1978 the value rose to 42.0 mg/l only to drop in Feb-
ruary to 283.0. From March onwards till August the values narrow-
ly fluctuated ranging between 36.0 to 40.0 mg/l. However thers
was a drop in Septsmber to 30.0 mg/l and finally to 24.0 mg/l

in November 1978,

Phosphats :

The inorganic phosphate content and its annual fluctua-
tion in the pond are shown in Fig.12 . As will be seen the pond
water contained very low amount of this macronutrient, the max-
imum being only 0.14 mg/l and the minimum 0.01 mg/l. The high-
gest values wsere recorded in November 1977 till February 1978.
During April a drop occurred to reach a minimum of 0,01 mg/1,
while from May onwards till November the phosphato content
ranged between 0.04 to 0.08 mg/l with slight fluctuations
betwean them,

Nitrate

The nitratse content in this pond during the experimental
period (November 1977 to November 1978) is presented in Fig.12.
It has bsen shown that the pond water had low nitrate content
ranging between 0.01 to 0.07 mg/l with the maximum recorded in
November 1977 and the lowest in June 1978. A trend of stsady
drop in nitrate content was observed in the following months

and mostly ranged around the value of 0,03 mg/l.



FIG. 12

Graph showing the ssasonal fluctuation in dissoclved
chosphate, nitrate and silicate during the rearing
of Fingerlings to Table size fish of Common Carp,
Cyprinus garpio communis L. at Fish Dale Farm,
Shilleng,
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Silicats @

The amount of silicate present in this pond water ranged
between 0,02 to 0.12 mg/l as shown in Fig. 12. The highest value
was recorded in February and the minimum in Novembsr 1978.
Throughout the 12~month period of study the silicate content was

more or less steady fluctuating within a range of 0.06 mg/l.

(ix) Biological factors of the Pucca llursery Pond :-

The seasonal fluctuations of phytoplankton and zooplankton
were analysed at only the major subdivision levels, Though spe-
cific determinations of the different organisms have besn made
wherever possible, it was thought that the importance of the
major group would suffice rather than either their or specific
variations. In any case the genera are outlined below for the
knowledge of their presconce and have not been pressnted either
graphically or in a tabular form except undsr major groups

(Table=XX ).

Phytoplankton :

The phytoplankton organisms collected from thig pond bel-
onged to the five major groups, Euglenophyceae, Chlorophyceae,
Chrysophyceae, Bacillariophyceae and Cyanophyceae (Table=XX ).
Euglenophyceae was represented by only a single genus Euglend.

Chlorophycsae or gtesen algae recorded were Dictyosphasrium,

Pediastrum, Zyqnema, Spirogyra, Coslasphaerium, Scenedesmus,

Pandorina, Westella, Peridinium, Cosmarium, Uronema, Staurastrum,

Hasmatococcus, Hormidium, Eudorina; while Chyrysophyceas included

Chrysococcus, Botryococcus, Dipobryon. The group Bacillariophyceas
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was represented by Navicula, Tabellaria, Amphora, Synendra,

Diploneis, Nitzchia, Meridion, Caloneis and Rhopalodina, whils

Anabasna, Merismopedia, Spirullina, Glsocapsa, A hanocapsa,
Oscillatoria formed part of the group Cyanophycsae.

(L) Euglenophycoan :

As mentioned above, Euglsna sp. was the only genera
dominating throughout the study period, though they were present
in a very restricted number in comparison with the other major
groups (Figs 13). It was found to be present betwsen the months
of March and December, both months inclusive and totally absant
during January and February. This group ranged from about 1.61%
(180 units/litre) to about 17.9% (2,960 units/litrs) of the
total plankton throughout the study period. From March onwards
1t recorded to a gteady increase to maximise in the month of
May and thersafter fell slowly with minor fluctuations to become
minimum in Decemher.

Chiorophyceag

The group Chlorophyceas recorded a minimum relative per-
centage of 6,44% in the month of June and a maximum of 37.04%
in the month of February. Howsver, throughout the annual cycle
of investigation it was ssen that the actual numbers present did
not tally with the pegcentags, as the maximum number were recor=
ded in the month of March when the psrcentage was 27.83% and in
the month of February it was only 1,600 cells/litre and also
though 29.79% was the relative percentags in January, the cells
actually count was only 1,450 which is about 200 cslls more
than the minimum recorded (Table=XX ).
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Chrysophycsas :
This group was the least abundant of all the phytoplankton

groups recorded. Morsovery, they wers found only in the month of
February, March, April and {lay and were absent during the rema=-
ining period of investigations. A similar phenomenon as ssen in
the group Chlorophyceae was also observed here in that, though
the maximum cell count occurred in the month of May, the rela-
tive percentage of importance of nearly 3.70% was recorded in
February when the cells were BQ counts less than the maximum

recorded.

Bacillariophyceas :

The organisms under this group was present throughout the
study period and also formed a major part of the total plankton.
The maximum occurrencs of these was seen in the month of Novem=-
ber and Decembsr, though the numbers were more in the former
than in the latter, with the percentage differsnce being about
3% increase in the latter. Similarly though the minimum count
was seen in February, yet they formed the least relative abun=
dance among the total plankton in the month of July (Table=XX ).

Cyanophyceas :

In this group, both the actual counts and their relative
percentages did\tally at least for ths minimum and maximum re=-
cordeds This was observed as maximum during the month of January
and minimum during Juns, which rose rapidly in July and with
minor oscillations around that for the subsequent months, rosse
to maximum in January. Thereafter, it fell drastically to ebb

reasonably on April‘to fall in the next two months to minimum.



Zooplankton :-

Protozoa !
The major genera enccuntered under this group of fauna

were=- Arcella sp, Centropyxis sp, Diff-uqgia sp. The maximum
recorded as a group was seen in the month of HMay, though the
maximum relative abundance in percentage was observed in July,
Similarly, their lesast occurrence was in January and yet formed
nearly 30% of the total plankton, when in the month of December,
with nearly 100 more numbers they formed only 13.80% of the
total plankton

Rotiferg
Brachionus, Keratella and Lscane sp. wers the major gensera

observed under the group Rotifera. It occurred throughout ths
study period and increased steadily from the month of January
onwards till they reached their maximum peak in May and slowly
decreased thersafter till Novembsr when they were rscorded thse
least. A small but a significant rise was ssen in the month of
Decembsr

Cladocera :

The important cladocera species and gensra encounting
during the present investigation were : Chydorus sp, Scaphole=-

berig kingi, Alona’ sp, Bosmina longirostris, Daphnia sp, Moina

micrura and Simocephalus exspinosus. The group Cladocera was
seen to rise significantly in the month of March and continued
a stsady increase till they rsached a maximum in May. Thersafter

their number decrsased in aglow but steady fashion till November



FIG. 13

Graph showing thse relative porcent abundance
of different groups of Phytoplankton and Zoco-
plankton in the rearing of Fingserlings to Tabls

size fish of Cyprinus carpic communis L. at
Fish Dale Farm, Shillong.



FIG .13

G000 20006000000
e GECTPIOGO0O

©e e 0000000000000 0000C
seceoe sﬂ.OOOOOOOOOOOOOOO
OQGO..... POO00000000000¢
® 60 6y OOOOOOOOOOOOOOO.
(XXX ,OOOOOOOOOOOOOOOQW,
PO G O:O00000000000 000N

--o-aa;..’_

ﬁu.‘

o Y2

T

RGO .u..OOOOOOOOOOOOOO \

\

Peoo ﬁ........ooooooooooo.

ooe %....w.w,w.,.ooooooooo \

(T XXX N ?:ma
S

& x x.fﬁ .nf onvo- 9

» (J R

0000000000008 HOO000DO0

S ohyoonaﬂo“cwi »

I A

I’l’

JOVIN3JH3d 3ALV13Y

2 OO0 OOOOOO ,

Ve
H

$C0CCOOO 200000060 0:5000000 i

|
|

ooooood;
500000000004

Apr May Jun  Jul

!

Aug Sep Oct Nov

Dec.Jan Feb Mar

1977

1978

PROTOZOA

B EUGLENOPHYCEAE
(O CHLOROPHYCEAE
B CHRYSOPHYCEAE

ROTIFERA

B CLADOCERA
COPEPODA

BACILLARIOPHYCEAE

CYANOPHYCEAE

M0 OSTRACODA



TABLE XX ¢ Showing the groupwise ssasonal abundance of different
Phytoplankton and Zooplankton in the rsaring of Fin=-
gerlings to Table size fish of Cyprinus carpio
communis L, at Fish Dale farm, Shillong expressed as
numbers per litre (Figure in paranthesis denote
psrcentage valus).

(i) Phytoplankton :

Month & Euglenophy= Chlorophy-~ Chrysophy~ Bacillario- Cyanophy=

Year ceas ceas ceas phycseae ceas
DEC. 180 1560 - 7040 720
1977 (1.61) (13.,96) - (63.04) 16.45)
JAN, - 1450 - 1120 800
1978 - (29.79) - (23.01) (16.44)
FEB . - 1600 160 560 321
1978 - (37.04) (3.,70) (12.96) (7.44)
MAR . 1050 3480 30 1200 180
1978 (8,39) (27.83) (0.64) (9.60) (1.44)
APR. 1575 1880 80 2400 400
1978 (11.02) (13.15) (0.56 (16.80) (2.80)
MAY 2960 1600 240 1560 180
1978 (17.96) (9.70) (1.46) (9.46) (1.09)
JUN. 2150 1256 - 7120 150
1978 (11.02) (6.44) - (36.,48) (0.77)
JuL. 1450 1581 - 1040 400
1978 (11.49) (12.53) - (Be24) (3.17)
AUG. 1825 1875 - 3580 300
1978 {12.62) (12.96) - (24.75) (2.07)
SEP. 1550 1425 - 5040 500
1978 (10.63) (9.72) - (34.,56) (3.43)
ocT. 1250 1150 - 6115 350
1978 (10.38) (9.56) - (50.81) (2.90)
NOV. 650 1925 - 8780 450
1978 (4.46) (13.22) - (60.,31) (3.09)

P.T.0.



(i{) Zooplankton :

Month &

Yoar Protozoa Rotifera Cladocera Copepoda Ostracoda
DEC. 1550 37 60 5 15
1977 (13.88) (0.33) (0.54) (0.04) (0.13)
JAN. 1425 14 42 8 8
1978 (29.28) (0.29) (0.86) (0.16) (0.16)
FEB. 1571 21 53 22 12
1978 (36.37) (0.48) (1.23) (0.50) (0.28)
MAR . 5870 80 475 50 40
1978 (46.94) (0.64) (3.79) (0.40) (0.32)
APR. 6975 133 650 85 115
1978 (48.80) (0.93) (4.55) (0.59) (0.80)
MAY 8715 168 880 60 125
1978 (52.86) (1.02) (5.34) (0.36) (0.76)
JUN. 8155 79 500 45 60
1978 (41.79) (0.40) (2.56) (0.23) (0.30)
JuL. 7720 64 315 15 35
1978 (61.17) (0.51) (2.49) (0.12) (0.28)
AUG. 6590 56 211 15 15
1978 (45.55) (0.39) (1.46) (0.10) (0.%0)
SEP. 5815 49 160 18 25
1978 (39.87) (0.34) (1.09) (0.13) (0.17)
acT. 3000 25 100 5 40
1978 (24.93) (0.21) (0.83) (0.04) (0.33)

NOV. 2600 10 75 12 55
1978 (17.86) (0.07) (0.51) (0.08) (0.38)
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Ostracoda

Only the genus Cypris was encountered in the Ostracod
groupe. Like Cladocera, this group Ostracoda had nearly the same
number in December and February and recording the least in Jan-
uary. Howsver, unlike Cladocsra, though thsy rose from March to
reach the psak in May, yst they fell steadily only till August
and thersafter steadily increassd till November.(Fig. 13).

Copepoda :
Cyclops, Diaptomus, Calonoid and Harpactocoid sp species

were the dominant genera of this group. The maximum recorded fer
this group was observed in the month of April while they reached
their minimum during the months of December and also in Uctober.
The fluctuation of their numbers showed a steady increase from

Decembsr till April to fall thersafter till October with a very

small peak in November. (Fig. 13).

(x) Rearing of fingsrlings of ths Common Carp, Cyprinus
Carpio communis L, to Table size fish in an enclosad
stretch of a feeder strsam, 'Ka Wah Dienglieng'.

In the sscond year of 1978=79 of the same physical facili=-
ties, the rearing esxpsriments was carrised out in ons of thse
snclosed stretched of a feeder stream, Ka Wah Disnglieng at Fish
Dales farm, Shillong. The data gathersed wers more or less of con=-

firmatory nature and hence deal only with the growth rate of fish.

The fingerlings used, ranged between 12.0-15.0 cm in
length and 30.0~50.0 gm in weight (Table=XXI ). Out of the 200
fingserlings stocked, 138 survived and grow ranging between 21.5
to 33.0 cm long and 165.0 to 440.0 gm in weight (Fige.14). The
total fish harvested were 40,170 gm/200 sq m estimating a pro=-

duction of about 2,010 kg/ha/yr.



FIG. 14

Graph showing the maximum and minimum (length
and weight) of Common Carp, Cyprinus carpio

communis L. during the rearing of Fingerlings
to Table sizs fish in an enclosed stretch of a
fesder strsam, Ka Wah Dienglieng at Fish Dals
Farm, Shillong.
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TABLE XXI : Showing the monthly sampling of fish
Cyprinus carpic communis L. conducted
in a Feedser Stream 'Ka Wah Dienglieng'
at Fish Dale farm, Shillong during ths
year 1978 to 1979.

------------- ‘-‘.‘———-"——"-—--~~~-~T"~——----~~--—--~---—----
Minimum Size i Maximum 35ize
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Year Length (cm) Weight (gm) Length (cm) Weight (gm)
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DEC. 1978 12,0 30.0 15.0 50,0
JAN. 1979 13.0 40,0 15.5 65,0
FEB. 1979 14.5 50.0 16.5 65.0-80.0
MAR. 1979 15.5 60.0 175 95.,0-105,0
APR. 1979 16.0 80.0 18.5 130.0-~155.0
MAY 1979 17.0 100.0 20.5 175.0=215.0
JUN, 1979 18,0 115.0 23.0 190.0-260,0
JuL. 1979 1845 130.0 25.0 280.,0~305,0
AUG. 1979 19.0 140.0 2745 330,0~345,0
SEP. 1979 1945 150.,0 29.0 360,0=380,0
0CT. 1979 20,0 155.0 31.0 395.,0-415.0
NQV. 1979 2045 160.0 32.0 40040-425.0
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DISCUSSIAN

Figh culture as a conmercial enterprise in the Indo=~
Pacific region'owes its inception to the Chinese and sven today
the fPish culture practices followed in many of the countriss
of the rsgion wers sither adopted from the Chinese or inspired
by them. The sarliest clear record in Chinese literature is
gaid to be the classic of fish culture, believed to have besen
written by Fanlai in 475 B.C., With the expesrience gained
through gensrations and with infinite patient and attontion to
details, the Chiness have brought fish culturs to a very high
level of development. Even those emigrant from China to Malaya,
Formosa, Indonssia and Thailand carried with them this tradi=-
tional knowledgs of Carp culture and established the industries
in those countries. They took Carp fry from China every year
and rsared them and encouraged the local psople to take up fish

culture (Lin, 1940).

The origin of fish culture in India is largely unknown
though the eastern Indian States of Bihar, West Bsngal and
Origsa have extensively practised pisciculturse for a long time
and on a largs scale. During later years howsver, the culturs
of gport fishes in altitudinal lakes and straams were introdu=~

ced with the ushering in of the British ruls.

The Common carp which probably had its origin from
Chiness rivers was latsr exported to several countries all over
the world and at present its culture has achieved a very high
degree of perfection (Jhingran, 1975). The culture of mors

than one spsciss in the same pond with a view to utilize all
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available food resources appear to have been first developed in
China. Even though fish farming has besn in existence for seve-
ral centuries, a sound scientific approach of ths method ampla=
yed had changed fish culture from its empirical status to that

of a scientifically managed industry {Hora and Pillay, 1962).

-

pond breeding fish now having a world wide distribution., It is
widely cultured alone as well as a compatable species in multi-~
species culture owing to its fast growth, harﬂy naturs, omnivo=-
rous habit and its readinsss to accept supplemsntary feeds,
Though Common carp is known to breed naturally in confined
waters it could also be artificlally induced to broed. The eggs
of Common carp are adhesive in nature and hence in the absegnce
of suitable egg collectors, get deposited at the pond bottom
where they usually disintegrate and or are predated upon,
resulting in a low fry yisld. Extensive data ars availabla on
the various cultural aspscts of the Common carp even since this
species had been used as a culturable species as reviswed by
worksrs in different parts of the world, such as for India
(Alikunhi and Chaudhuri, 1959; Alikunhi, 1966) for Indo=Pacific
region (Hora and Pillay, 1962) and for Near East and Europs
(Sarig, 1966). Intersstingly enough, these investigations havse
highlighted the differences in fecundity, growth and mortality
rates and production, probably influenced both by localised
geographical habitat variations and the racial characteristics
of a given stock. It is with this background in view, the pre-

sent investigations were taken up on the Common carp since this
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was the only species which had been used for pond culture in

this hill State and needed a detailed regional study.

The results obtained during ths present investigations on
the entirs opsration of breeding and rearing of Common carp are
discussed. Common carp naturally breeds in confined waters and
gpawning cccurs in shallow marginal and weed infested arsas.
The diverse brseding techniques smployed on Common carp have
been described in dstail by Schaperclaus (1933), Hofstede and
Ardiwinata (1952), Sa%in (1955), Hora and Pillay (1962),
Alikunhi (1966), Sarig (1966), 3Jhingran (1975 and 1977) and
Jhingran and Sehgal (1978).

Since raising of an adequate number of healthy brood fish
is the first essential step for successful figh breeding, broo-
ders were segregated into the males and females and were reared
in separatse ponds prior to the proposed breeding season. For
proper gonadal development the brooders were Feared and regularly
fed with a mixture of mustard oil cake and rice bran in 1:1
ratio at 2=3% of the total body weight. Usually for a breeding
experiment a set of one female and three males are introduced

in the breeding hapae.

A good deal of practical expsrience is required by ths
fish culturists in the choice of breeders. The criteria aemployed
in the pressnt study relate to body form, fecundity and age.
Thus the fully mature females were chosen on the basis of
almost rounded, soft and bulging abdomgn and vent slightly
projecting like a small papilla with a median slit. Only those

males weres selscted having a bulging and soft abdomen with
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tubercles on the pectoral fin and with rough scale on the dorsal
body surface and fresely releasing milt when the abdomen is
pressed. Though the pressnt criteria followed for the selection
of brooder is similar to that of Lin {1950) for the females,
the males in the present study had the additional feature of
roughened scales on the dorsal body surface which snabled to
distinguisﬁ them more easily. In rest of the characters inclu-
ding the presence tubercles in the fins, the males of the pre-
sent stock resembled those reported sarlier (Lin, 1950

Alikunhi, 1966).

The attainment of maturity in Common carp depends on the
prevalling climatic conditions under which it is grown. The
size and age at first maturity of Common carp obtained under
the pressnt climatic conditions and an altitudes of 1,550 m has
been compared with data from diffcrent countries of the world
as shown in Table=XXIIl.It is sesen that in Fish Dals farm,
Shillong, the Common carp matures within the second year at an
average annual watsr temperaturs ranging between 11°C to 24.5°%
Comparable results FPor the other regions of India are the
attainment of maturity within six months of hatching in the
plains, while in the other Indian upland lakes it takes almost
a year to mature (3Jhingran, 1977) although reports are in rece
ord of males and females in cold water region of India sven
extending upto 2-3 years and 3-4 ysars of age respactively

(Jhingran and Sehgal, 1978).

In the present sxperiments two year old female broodsrs

ranging in size of 250 to 650 gm and males ranging betwssn 220
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to 765 gm wsre used which gave satisfactory results. The size
and age of brooders of Common carp used in4breeding experiments
from different parts of India and slsewhsre are shown in Table-~
XXM, It will be seen that the size of hrooders amployed for the
present study are the smallest among those, though the breeding
experiment always yielded positive results. From the present
breeding experiments it has been shown that small sized brood-
ers ars not only easy to handle but ars obsurved to be more
functional and active during breeding in contrast to the slugg-
ishness of largser brooders as sesn from expsriments conducted

by the local state fishsery workers.

Based on the results of the present expasriments, the
fecundity of Common carp at Fish Dale farm, 3hillong, ranges
bstween 61,052 to 90,000 eggs per kilogram body weight which
shows a relatively low fecundity rate as compared to that achie-
ved in the plains of India with 1,60,000 to 2,16,050 as repor=-
ted by Dgy (1978). Fecundity data from other parts of the World
pressented in Tabia-XXH'For purpose of comparison also lsnd evi=-
dence to the fact that the fecundity rate of ths present in-
vestigations are still lower than othsr resports. However, whan
a comparison is mads of fecundity in relation to absolute
wsight of the fish, it is seen that the numbasr of eqgs spawned
by the brooders at Fish Dals, yielded more, where femalss
weighing 250 gm produced 90,000 eqggs/kg; 310 gm - 88,710 sggs/
kg, 825 gm -~ 85,647 sggs/kg, 510 gm - 89,510 sggs/kg, 520 gm =~
61,052 egga/kg and 650 gm = 69,230 eggs/kg as compared to the
report of a 58-290 gm fish producing 6,360 - 25,942 eggs and

fish of 309 to 799 gm producing 46,648 to 60,720 eqggs from
the plains of India (Alikunhi, 1966).



TABLE XXTI : Showing the fecundity in turms of absolute
(a) weight of the Common Carp (Cyprilnus carpio
communis L.) in India.
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Placs %ga%%h Toiaémwelght Nos. of oggs Sourcs
Plains of Alikunhi
Indig 15.0=25,0 58-290 6360=25942 1966 !
" 25,0=35,0 309=795 46648-60720 o
n 35.0=45,0 B17=2043 120448-146328 i
n 45,0=55,0 21433632 281790-551580 i
n 55.0=65,0 2902~7600 776020=1748000 i
n Over 65.0 13629 2045552 "
Himachal Jhingran &
Pradesh 44,0=43,0 765-1100 172000 Sehgal, 1978
" 3440=45,5 580«=930 123000 "
Meghalaya
Fish Dals, - 250~650 22500-45000 Eﬁegent
Shillong Jrtudy
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TABLE XXIl {b) : Showing the growth of Common Carp (Cyprinus
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carpio communis L.)

in various countriss.
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Weight (gm.) at the end of

Fish Farm

Country Hst Year 2nd Year 3rd Year 4th Year Source
CHINA 300 900 1500 2100 Alikunhi,
1966
MALAYSIA
THAILAND 400 800 - "
INDONESIA
USSR 600-800 1200-1900 2000=3500 - Ul
EUROPE 35=50 350-500 1250-1500 2500 n
ENGLAND 15 200 1300 "
ISRAEL 500-700 ( in 90 to 120 days) Sarig,1966
INDIA 6£00~1000 1500-2000 - Jhingran,1977
)Meghalaya
i)Fish Dalse - Pressnt
Shillong 65-585 Study
ii)Kyrdem Kulai, gy ess - - "
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Spawning of fishes in gensral are influenced by many
extrinsic and intrinsic factors and the Common carp is no
exception to thise A review of literature on this fish shows
that the spawning season differs from place to placs. Thus ths
spawning season in open running waters appears to be in early
spring in tropical climates at the beginning of rainy ssason,
with the flooding of river margins, whersas cultivated Carps
are known to spawn in December in Canton, in Hongkong in Jan~
uary, in the Yang-~tze Region of China from April teo Juns and

from April to May in Japan (Hora and Pillay, 1962).

In'the present experiments conducted from 1977 to 1979
on the Common carp, it is seen that during all the three years
spawning took place from late March to May with the optimum
reached during April with the rising of ambient temperaturs.
Whils thig appears to bs the major spawning period of Common
carp at this altitude and latitude, during all the three years,
a sscond spawning season was always observed in August-=Septem-
ber, though less intense, the brooders being of smaller size.
It is reported that Common carp could spawn throughout the
year in tropical climate, though with two peak breeding psriods,
ong lasting from mid January to lMarch and the other during 3duly
and August (Singh, 1968; Jhingran, 1977). In the hilly regions
this fish is known to spawn during {larch and April in Himachal
Pradesh, whersas in the monthof May to Juns in Jammu & Kgshmir
(altitude 41585m) (Jhingran and Sehgal, 1978). Thus the pressnt
findings of a biannual breeding pattern probably reflect ths

subtropical condition of the Shillong arsa with a climats some-

what intermediate betwesn hot plains and truely cold water

habits of India.



101

A detailed review on the spawning of Common carp in var=
ious countries under different climatic conditions has besn
given oy Alikunhi (1966) and thus the favourable temperaturs
ranges are 15=18°C for Europej 17-19°C for USSR; 12-30°C for
Japan; 19-30°C for Indonesia; 26-29°C for Thailand; 18-35°C
for the Indian Plainsy 23=30°C for Israsl and 20~25°C for
Southern America. In the present experiments conducted at Fish
Dale farm, Shillong whers the annual water temperature ranges
between 11 to 24.5°C, spawning occurred during March and May,
with the rise of the water temperature. Thers were also instan-
ces when esven in late February and early June spawning did take
place though with poor results due to wide fluctuations of
temperaturs caused by suddeon hailstorm and rains during thess
months. It is noticed that the favourable tempesrature range for
spawning at Shillong was batwesn 16.5 to 20°C (March-lMay), with
maximum fertilization brought about at 19-20°C, with the per=
centage of fertilization ranging betwsen 75 to 85% (Table=ItolIV).
When the present data on the temperature range for spawning was
compared with sarlier records from different parts of the world,
it appears that though ths Common carp is considered as an
surythermal speciss, effective spawning sesms to occur only
within a narrow tempesrature rangs, in spite of the fish sdrvi=-

ving in a much wider range of ambient temperature.

The present breeding experiments have shown that spawning

of Common carp occurs only during night and morning hours, as




TABLE XXIII

¢ Showing the size and ags of first maturity or

Common Carp (Cyprinus carpio
under different climatic con

communis L. )

ditions.
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At first maturity

Watar Temp-

Spaw=-

Country during spa= Age Length Weight ning Source
wning (Years) (om. gme) s®ason
sgassn
candbe d N 1500 May to Alikunhi
EUROPE 15:0-18:0 3,0-~4,0 40,0=~45,.0 -2500 Juns 1966 ’
USSR 17,0=19,0 2,0~5,0 - - Aprilto
May
CHINA - 2,0=3,0 " -~ - 1
- - - 500 April to
JAPAN 12.0-30.0 0,2-0,3 30,0-38.0 oo 3Arc "
INDON . 0=30, .0=1. - 1000 All Year
ESIA 19,0=~30,0 1.0=1.5 30,0=40,0 -2000 round L
THAILAND 26.0"29.0 1.0"1.5 -~ - - 1
MALAYSIA - 1.0=1,5 - - - 0}
1SRAEL 23,0-30.0 1,0 - - March to
August
USA (SOUTH) 20.0-25,0 1.4 - - Mareh to 4
Junse
NEPAL 8,0 JO=d, - 2000 March Woynaro=
18,0-20,0 3.0-4.0 -5000 onward vich,1975
INDIA :=~
B ,0-35, - 80 ALl Year Alikunhi
a) Plains  18,0-35.0 0,5  15,0%20,0 50 oo 2% foggtm?
h) Hills . 1,0 37,0-46,0 _fggn J n
1) Kashmip - Jhingran &
2e4 = June  S5ghgal, 1978
2) Himaghal Pradssh
i) Dooli - - 765 March to
Farm 15.0 26.0 2;0 4.0 40.0“43.0 ,_1100 April "
1i) Kangra  19,7=22.7 2,0m4e0 34,0m45,5 ,3?8 i "
3; Maghalaya
i) Fish Dalse - 22,0~37.0 250 March to Prdsent
Shillong 10+°722.0 2.0 ~650 May Study
17.5~20.0 85 August to &
-165 Septembser
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(Dey, 1978). Such definite periodicity of spawning was probably
related to the sustained critical temperature as sudden changs
of temperature caused by wind, heavy showsrs or cloudy weather
was always found to interfere with thes spawning process and

subsequaent fertilization of sggs.

As mentioned earlisr, the fertilized eggs could always
be distinguished by their pale dirty yellow colour and less
conspicuous nature as comparsd to unfertilized ones. In the
bregeding experiment conducted in 1977 the average size of an
egg ranged between 1.4=1.8 mm in diametsr and 00,0020 gm in
weight contributing to about 500 number of eggs per grame. In
the first experiment during 1978, the egg size rangsd between
1¢2=2.0 mm in diamster and 0,0024 gm in weight with about 415
number of sggs/gm, while in the second experiment of thes same
year it ranged between 1.3=1.7 mm and 0,0020 gm in weight
amounting to 500 eggs/gme During 1979, of the three ssts of
experiments, the egg measurements were 1.2 to 1.8 mm and 0,0018
gm forming 555 sggs/gm in the first. In the second expsriment
the values ranged betwsen 1.5=1.8 mm with 0,0022 gm of weight
and with 455 sggs/gm, whersas in the third set egq sizes ranged
between 1+4-~2.0 mm and 0,0024 gm sach and amounting to 415
sggs/gme. Thus it is seen that in the Common carp at Fish Dals
from Shillong the total number of eggs/gm during the bresding
experiments in all the threse years ramained more or less uni=
form with the mean range being 415-B55 sggs/gm whereas in the
Plains the total numbsrs released is calculated at about 700

eggs per gram (Alikunhi gt al 1966),. In other upland lakes of
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India 550 eggs/gm is the average number given for mirror Carp
and Scale carp (Jhingran and Sehgal, 1978). The latter report
from cold water lakes of ladia agrees wel. with ths present
findings.

Subsequent to fertilization of the eggs, the weeds/arti-
ficial sgg collectorz}sgih the attached eggs were transferrsd
Por incubation and hatching into ths hatching hapa, at a dsn-
sity of approximately 40,000-60,000 sggs in a single hapa. It
is of intersest to note that the mean values for the three year
period (1977-to 1979) of the incubation period varied from 3.5
to 7.0 days which inversely correlated with the rise in ambient
temperature. These incubation duration and temperature relatio-
nships ars presented and compared with other available data in
Table-VI(b) It is quite svident from the Table that in Shillong
waters, the period of incubation is dirsctly influenced by ths
temperature. Even when compared with the rest of the data, the
present findings corroborats the sarlisr works that incubation
period is directly dependent upon tempserature. Further, the
apparently longer duration of incubation of the pressnt study
as compared to sarliser data (at 18°, 20°, 229, 25°C) is attri-
buted to the shorter duration of warmer hours in a disl cycle
obtained at Shillong resulting in prolongation of the hatching

of eggs.

It was pressnted in the results that the wesd as an egg
collecting device usually underwsent rotting and decay sspecia-

1ly during ths low tempsrature bresding expseriments when ths
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incubation and hatching periods are naturally prolonged. S5uch
decomposition of the weed snhances the growth and bloom of the
fungi, particularly Saprolegnia sp. which first infects the
unfertilized eqggs and later on spreads to the fertilized eggs
thus interfering considsrably with the hatching rate. Similar
instances of spoilage of unfertilized and fertilized sggs by
Saprolegnia are reported by Waynarovich {1975) from Nepal
waters and Suzuki (1963) who found that the production of bloom
of Saproleqnia in Japanese lake was at peak between 16 and 20°C
and at a pH range of 4.0 to 6.0, It is coincident that more or
less the same presvailing conditions with a temperaturs of 16°C
Fish Dalg, Shillong. Another report pertinent to the present
context is a similar attack of Saprolegnia throughout the ysar
in the hatchery at Windermere, England, causing considsrable

damage to the Trout eggs (Willoughby, 1969).

The eggs of Common carp are known to be adhesive in
nature and hence in culture practices suitable substrata for
attachment of eggs are always provided. While in the Far East-
ern countriesg, artificial spawning nests made of vegetation
fibre (Palm, Arsnga pinata) called Kakaban are used, in Japan
rafts made of vinyl leaves and in Europe, solid branches of
briar that would not rot in the spawning pond ars employed
(Guenause, 1923). In India, various materials viz., water plants

(Hydrilla, Najas, Nymphasa, Eicchornia) or palm and coconut

fibres ars commonly used (Dey, 1973). In the present breeding

sxpesriments conducted at Shillong the matsrials ussd for egg
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nut fibre raft, wooden frame with curtain nylon net flap and
aluminium wire frame with nylon net. Of the three ysears of
investigations on ths braeding of Common carp, Rgtalla was
used for the first two ysars (1977 and 1978), whersas in 1979
the above mentioned four different types of egg collectors
were sxperimentsed upon in order to work out their rselativse

gfficisncies,

It is ssen from the results that the percentage attach-
ment of fertilized seggs in the breeding sxpsriment of 1977 is
804 with a total of 36,000 fertilized cgqgs with 22,400 hatch=-
lings finally harvested, reflecting a hatching rate of 62.2%.
The remaining 37.8% loss of fortilized egg during this incuba-
tion period is to be accounted for and mostly attributed to
the bloom and attack of the fungus Saprolegnia on the eggs.
Results for the ysar 1978 revealed that the percentage ferti=-
lization is 55% with the total number of fPertilized eggs to be
17,460, This lowsr psrcentage of fertilization obtained for
the sscond year nesds to be sxplained. It is felt that whils

the bloom of Saprolegnia took its usual toll as in the previous

year, the loss of sggs could also be attributsd to the heavy
shower and presvailing low temporature bslow 416°C during ths
incubation period. It was further ssen that while conducting
the breeding oxpoeriments in the second ysar, cold weather pre-
vailed during the breeding hours with low water temperaturoc
which probably reduced successful fortilization, as such sudden

change of temperature caussed by wind or hesavy shower is known
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to affect spawning and subsequent mortality of many of the
fertilized sggs as reported from the studies on Common carp of
the Indo-Pacific region (Hora and Pillay, 1962). Despitu the
low percentage of fartilization, the hatching rate was more or
less similar to that of the previous year with 64.2% and a loss
of 35.8% during incubation. Similar causative agencies are
offerad to explain the estimated loss of 46.3% during incuba=-
tion in the second expsriment of ths same year when the percen=-
tage fertilization was 75% with 16,875 fertilized sqgs and the

hatching rate being 53.7% and the harvestsd spawn to be 9,055,

During the third year of investigation in 1979, thres
sets of breeding sxperimsents wsre conducted and the results are
discussed. As mentioned before, during these experiments thse
efficisncy of diffsrent egg collsctors were also assessed., In
the first experiment of 1979 the fertilized sggs obtained wers
23,375 with B85% fertilization which ars the avarage values for
all th: egg collectors. Howsver, the actual spawn collectsd
were 17,875 indicating a 76.4% of hatching rate. Apart from
thess breeding experiments the results of the relative effici=~
ency of different egg collsctors have shown that the most sffi-
cient among these in terms of percentage attachment appear to
be the coconut fibre raft with the maximum attachment rate of
50%, compared to 25% in Rotalla, 15% in the woodsn frame nylon
flap, while the aluminium wire frams nylon nst yisldsed only
10% attachment. This shows that in terms of substrate suitabi=-
lity the coconut fibre was 5 times mors sfficisent than alumi=-

nium frame, 3.5 times than the wooden frame and twice efficient
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as the aquatic wesd. It was also noted that the percentage of
fartilized eggs attached to the different substratum wers 95%
for Aluminium wire frame, 90% in wooden frame, 85% in the coco-
nut fibre raft and 75% in Rotalla. In this context, it may be
referred that Jhingran and Sehgal (1978) have summarised ths
data on the psrcentage of sgg attachment and hatching rate in
various materials. Thus the percentage of sgg attachment was
reported to be B4.7-96.0%, while the hatching rate was 65.8-
85.9%. On the other hand in the pine nsedle kakaban thes attach-
ment rats was found to bs 62-80% against a hatching rate of
45,0-63.0%. These above data when compared with the pressnt
findings show that while ths results for the present wesd
Rotalla (pesrcentage attachment 55-75%; hatching rate 53.7=76.4%)
was less sfficient than Hydrilla, the coconut fibre raft was
found to be far superior in its efficisncy with percentags
attachment ratse of 85-~93% and a hatching rate of 76-88%, as

compared to the kakabans.

In the second expaeriment of the same ysar, the total
number of fertilized eggs spawned were 25,480 of whioh 15,380
hatchlings wsre harvested working out a hatching rate of 61.9%.
In this seriss too, cocoﬁut fibre raft ghowsd the maximum att-
achment with 55%, followsd by Rotalla and wood frame yielding
20% sach and that of Aluminium wire frame with 5% in that
ordere. Once again in terms of substrate efficiency it was ssen
that the coconut fibre raft was 11 times efficisnt than Alumi-
nium wire frame and 2.5 timss sach as that of the aquatic wsed

and the woodsn frams. The psrcentage of fertilized sggs
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attgched to the different substrata were 96% in Aluminium wire
frame, 93% in coconut fibre raft, 92% in wooden frame and 70%

in Rotalla.

A similar kind of breeding expsriment was repeated for
the third time during 1979 although it was conducted in a Plasg-
tic pool. It was sesn that the total percentage of fertiliza=-
tion was 75% with a hatching rate of 81.8% giving a total
harvest of 28,010 hatchlings. The egg attachment in coconut
fibre raft was 60% with 90% fertilized eggs, on the othsr hand
the aguatic weed has 20% of attachment with 759 fertilization.
The wooden frame showsd ths attachment capacity of 154 with
tha .fertilized sggs forming 95% and the Aluminium frame showsd
only 5% at&achment yst having 98% fertilized eggs. Once again
the coconut fibre raft proved to bse the most efficisnt for the
egg attachment, with 12 times more than that of the Aluminium
wire frame, 4 times of the wooden frams and 3=-fold increass as

compared to the aquatic waed Rotalla.

Thus the three ssts of expsriments conducted in 1979
showed that the first experiment produced 76.4% of spawns and
hatchlings as the fungal infection was minimal during this
period and was restricted mostly to the aquatic weed Rotalla,
No Saproleqnia infection was noticed at anytime on the rest
of the egg collectors, which clearly indicates that the inert
and non-living nature of the artificial substrata very much
restrict the fungal growth, as thesse do not provide any form

of organic lsachate. Thess results are someswhat comparable to
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the experiments in Europe with solid branches of briar that
would not rot during spawning {Guenausg 1923). In contrast to
the first expariment, lowsr percentags of hatchlings and spawns
amounting to only 61.9% were obtained in the sscond experiment
and these are attributed to Saprolegnia infection among the
unfertilized eggs attached mostly to Rotalla although a minor
infsction was also present in the unfertilized eggs attachsd

to the coconut fibre raft. Howsver no infection occurs in the
wooden frame and Aluyminium wire frame. The infection of
Saprolegnia on to the coconut fibre was liksely to be due cuo

the transfsr of this fungus from ths aquatic weed as during
this experiment the incubation period was rather prolonged
favouring the spread. In the third experiment of 1979, which
was conducted in the Plastic pool the percentage of hatchlings
and spawns was recordad tc be 81.8%. The high hatching rate

may be attributed to the prevailing constant water tomperaturse
in the Plasgtic pools as the confinad naturs of the environment
excludsd the extremes in most physical, chemical and biologi=-
cal factors that will affect ths hapa in nursory pond under
open natural conditionse. Consequently this system was also free
of the fungal infsction not aven obgerved in the aquatic weed,
though as shown earlier it was present throughout the period

of incubation in the hapa fixed in nursery ponds. This obsgsr=-
vation pointg to the fact that this fungal infection is brought
about by the transportation and dispesrsal of the same from the
source of water which feeds the pond, though this needs fure

ther confirmation by actual experiments. Nevertheless, such
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possibilities were suggested by Willoughby (1969) who showed
that Saproleqnia though present throughout the year in the hat-
chery at Windermere at a concentration of 400 zoospores/l, the
same was found at a concentration of only 200 zoosporss/l in a
stream feeding the hatchery and lake. Thus it may bs concluded
that the breeding experiments in Plastic pools offer a most
efficient and suitable substitute in lieu of the present tra-
ditional brseding practices in hapas and nursery ponds, becauss
these pools facilitate controlled manipulation and maintenancs
resulting in high ratse of fertilization and hat&hing.
Nursery Pond

It is known that gpecific types of ponds are required for
the culture of particular species of fish or their life history
stages. Schaperclaus (1933) has given the different categories
required for a fish farm under European conditions where the
allocations for different purposes are as breeding pond (0.25%)
nursery pond {2.75%) and fingerling pond (10.00%). Under
Indian conditions, according to Alikunhi (1957) the pond sizes
needed are 0.2 ha for nursery ponds, 0.8 ha for rearing ponds
and 3.0 ha for stocking ponds. However, in the present experi=
ments due to want of adequate flat lands in these hill areas,
all the three categories of ponds used wers small in size

ranging from 0.01 ha to 0.02 ha,

Successful rearing of young carp fry relsassd in nursery
ponds is of fundamental importance in carp culture and hencs
extreme care at all stages of operation is essential to ensure

successful results, fully bearing in mind that the nursery
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problems confronting the pisciculturist are more akin to thoss
of child welfars. It is also known that in earlier ysars at
gvery stage of the various cultural operations starting from
collection of spawn from rivers, the frys are usually subject
to unfavourable conditions (Hora and Pillay, 1962). Even sub~-
sequent stocking and rearing practices wers not effective dus
to lack of proper preparation and management of ponds in torms
of removal of predators, lack of manuring and propsr supple=-
mentary feeding. Neverthsless, in recent ysars with the intro=
duction of gscientific methods of fish culturs, we are fully
awars of the possible causes of mortality of spawn to fry which
has snablsed us to get a precise 1idea of the magnitude of ths
problems, besides indicating the lines along which we have to
tackle the same. Thus, we now know that defective methods have
no doubt to be corrected. Several experimsents in improvement
of spawn and fry rearing already carried out in differants
parts of India have clearly indicatsd that te achisve succsss=
ful results, rearing in the pucca nursery ponds and fseding
with mustard oil caks and rice bran as food with regular manu=
ring by cowdung are steps to be taken under fisld conditions

s0 as to ensure maximum survival,

Extension of such available knowledge indiscriminataly
to the altitudinal hill regions of India has not always yisl=-
ded the same successful results (Annual Report, Meghalaya State
Fishery Department, 1976, 1977). This necessitated differsnt
approaches and the present experiments were dirscted towards

this goal. Thus in addition to the conventional pucca nursery
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ponds, rearing was also attsmpted in hapas and plastic pools

and results ars pressnted and discussed.

The first set of experiments in this seriss is the rear-
ing of spawn to fry and early fingerling. These rsaring experi-
ments were conducted for a period of 60 to 90 days in pucca
nursery ponds, hapas and plastic poocls. The data obtained on
the average production of fry in these systems along with the
prevailing physicochemical factors are shown for the thrss

ysars period (Table-VII to IX).

In the first rearing sxperiment of 1977, it is seen that
from the 8,000 spawn stocked in a 100 sq m (0.01 ha) pucca
nursery pond, 5,805 were finally harvested indicating a 72.5%
survival rate with a 7-fold gain in length and 1,000~fold in
weight and with a mortality rate of 27.5%. The sscond experi=
ment of the same year in a 200 sq m (0.02 ha) pond with 15,000
spawn rearsed for 90 days, 9,124 fry were finally harvested
indicating a 60% survival with 15 times and 1,643 times gain

in length and weight respectively.-The mortality rate was 40%.

Similarly, in 1978 from the two pucca nursery ponds of
100 sq m (0.01 ha) sach, of the first sxpsriment with 10,000
spawn reared for 75 days, 7,659 wers harvested reflscting a
survival of 76.5% with a mortality rate of 23.5%. The growth
increment was 6.5 and 909 times in length and weight. In the
second sxperiment out of ths 8,000 spawn, 4,460 were finally
harvested amounting to 55.7% survival and 44.3% mortality,
with the growth increment of 9 and 1,160 times in length and

Weighto
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In these axpsriments the rate of stocking ranged bstwesn
8,000 to 10,000/100 sq m or 8,00,000 to 10,00,000 spawn/ha,
which is much lower . than that reported by Alikunhi (1956)
(12,00,000 to 20,00,000/ha) and Hora and Pillay (1962)
(78,12,500/ha), but is about 10 times lesser than that of the
maximum of 1,00,00,000/ha (3hingran, 1977). As far as the sur=
vival rate is concerned, 60% and 72.5% in 1977 and 76.5% and
55.7% in 1978 were reached which is somewhat highsr comparsd
to the results of the pond culturs division of the CIFRI
(Central Inland Fisheries Research Institute) where the survui=
val rats reached a maximum of 66.6% (Jhingran 1975, 1977).
Neverthelsss, according to the above author, from one hectars of
water, 6.6 million fry can bs produced in a single crop of 15
days duration as against 20,000-~40,000 obtainsed by.conventional

methods,

In ths pressent study from an initial spawn size of 8,0
10.0 m1, the final sizes r .nged between 2(,0-~50,0 mm and 60,0
90,0 mm in 1977, while in 1978 from 40.0 to 80.0 mm and 60,0
100.00 mm for the averags rearing period of 60«90 days. In the
report of Lakshmanan gt al (1967) the initial size of 6.0-6.5
mm reached the final size of 18.6 mm in Catla, 19.53 mm in
Rohu and 24.8 mm in Silver garp in 15 days period. Similarly,
Hora and Pillay (1962) also reported that the major carps of
India from an initial sizs of 6.0 mm rsached the final size of
35 mm in 15 days period. It is thus very clsar that s% ths
present altitude in spite of the spscies differences the growth

rate in the Common carp fry is certainly rstardsd about 3 to 5
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times lessar since what is obtained in 15 days at ths plains
is reached only in a mean period of 75 days. Thus the faster
growth achieved in the tropics is due to much warmer temperature
and whereas at Fish Dale farm, Shillong the slow growth rato
was mainly dus to the prevailing low water temperature in addi=
tion to ths water having an acidic pH range, low alkalinity and
low plankton production. It is a well known fact that the water
temperafura influences the metabolic processes of various orga=
nisms living thsrein. Most activities of living organisms, par-
ticularly thoss of poikilotherms like fish slow down with drop
in temperaturs. Even surythermal spscies of fish like the Carps
stop feeding at about 10°C and bscome torpid at about 5°C
(Hickling, 1971). During the present rearing experiments the
temperature ranged between 18=22°C as compared to the rsaring
temperaturs ranges between 28=37.5°C in the plains (Jhingran,
1975)« It is undoubtedly the difference in these two tempara=~
ture rangses bseing higher by an order of magnitude has retarded
the growthes The pH of water in the present study which is
always in the acidic range between 5.8=6,6 could not have bsen
favourable as Swingle (1957) considers that productive waters
with a pH ranging from 6.5-9.0 and values bslow or above this
ars unproductive or even lethal to fish, In India too, water
on acidic soil has been found to be generally less productive
of fish than that on the alkaline soil (Alikunhi, 1957). Simi~
larly the low alkalinity recorded in these rearing ponds rang-
ing betwssen 20,0-50,0mg/l is algo one anothsr factor causing the
slow growth of fish as it is known that productive waters for

fish culture should have an alkalinity range of at least above
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100 mg/1 (3hingran, 1977). In conclusion, it may be added that
despita these somewhat adverse environmental conditions along

with low plankton productiom, the frys probably survived sub-

sisting mostly on the supplementary feed of rice bran and mus-
tard oil caks fed every alternate day, augmented by weskly

addition of nutrisnts by manuring with cowdunge.

As population growth of mankind is fast outstripping the
natural food supply, all the world over these is redoubled
efforts to increase food production psr unit area per unit time
in the fields of agriculture, animal husbandry and fisheries.
Fighery bioclogists are of the opinion that the biological limit
of yield for marine fisheriss is not likely to excesd beyond
150 m tonnes which is still inadsquate to meset the demands of
the ever increasing population growth. It is precissly for this
reason that fishery scientists are not only suggesting aquacul=-
turse for production of additional fish food, but also advocate
intensifying production per unit area since availabls land for
such practices ares also hard to come by in future years. It is
in this context that net cage culture where stagnant or running
water surfaces are utilised with the sams objective of maximi-
gsing fish growthe. Thus culture of fishes in floating cages has
assumed the dimension of a full scale enterprise in Japan whers

among the freshwater fishes, the Common carp (Cyprinus carpio)

is used in a large scals for such culturs in lakes, reservoirs
and tanks (Suzuki, 1976). With such practices an average yield
of Common carp production of 444 tons/ha was estimated (Brown,

1969). Natarajan (1976) reported that among the Indian major
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Carps, Catla catla and Cirrhinus rsba are especially suited for

cage culture in reservoirs and other lentic habitats and similar
experiments at Jari, Allahabad in tank habitat has already
yielded a production of 22.5 kg/cage of 3.5 sg m area (75 ton=
nes/ha) in the first year of growth from spawn stage. The fore-
going results not only encourage bestter utilization of water
surfaces but alsoc reflect the present day limitations of using
only ths ground nurseriss to develop the fishery in ponds,

tanks and reservoirs to their maximum potential.

Kesping this view in mind to find suitable alternativss,
in the present expsriments at Fish Dale, Shillong, the rearing
of spawn to fry stage was also attempted in 2 X 1 X 1 m nylon
hapas fixed in manured nursery ponds. In ths first rearing
experiment in April 1978 out of the 1,000 spawn stocked, 724
were finally harvested with their maximum sizg attained ranging
between 50,0~80,0 mm and 4,500 to 8,000 mg with a 7-fold growth
in length and 568 times in weight. The survival rate of 75.2%
was achieved with a mortality rate being 27.6%. In the second
series of experiment out of the 1,000 spawns, 752 were harvested
with the size attained to 40,0-80.0 mm and 3,500 to 6,500 mg.
The growth increment from stocking to harvest was 6.6 times
more in length and 455 times in weighte The survival was 75.2%
with a mortality rate of 24.8%. The third set of experiment
conducted in May 1978 which lasted for 60 days, out of the
1,000 spawn, 856 fry were harvested with the growth of 40.,0~70.0
mm and 3,500-6,000 mge The growth rate in length and weight was

61 and 432 times from their initial sizes. Thus the survival
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worked out to B5.6% with a low mortality rate of 14.4%. The
fourth sxpsriment showed a growth rate of 5 times and 384 times
mors from .nitial length and weighte. The final numbers of fry
harvested were 813 with a survival rate of 81.3% with the mor=

tality at 18.7%.

In the year 1979 for purposes of replication and confirm=
ation of earlier results of 1978, again four sets of rearing
expsriments were conductsd. From ths results of the first expo-
riment carried out for 75 days, 891 fry wsrs harvested implying
a survival rats of 89.,1% with a mortality of 10.9%. The final
growth attainsd in this series was 40,0=65.0 mm and 4,000 to
6,000 mg with the growth rate sstimated to bs 6.5 and 1,066
times in length and weight respectively. The second experiment
yielded a harvest of 847 fry amounting to a survival of 84.7%
with the mortality rate being 15.3%. The final growth attained
was 30,0 to 70.0 mm and 3,000 to 6,500 mg with 6.2 and 766 +
times jain in length and weight from the initial sizes. The
third expsriment showed a survival of 855 out of 1,000 frys
forming a survival of 85.5% with a mortality rate of 14.5%. The
maximum growth recorded ranged betwsen 50,0-75.,0 mm and 6,000
to 9,000 mg in the 60 days estimated to be 7 and 682 times
gain in length and wsight respsctively. In the fourth experi-
ment out of the 1,000 spawn initially stocked 873 were finally
gleaned making a survival of 87.3% with the mortality amounting
to 12.7%. The ultimate growth in the 60 days rearing period
ranged bstwsesn 45,0 to 65.0 mm and 4,000 to 7,500 mg with 6.1

and 545 times increase in length and weight,
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Comparable results of spawn rearing from other Indian
experiments in closed and fixed nurssries have shown that cages
made of bamboo frames and nylon hapas of 3,5 sq m area with the
stocking rate of 30,000 hatohlings showed a growth rate of 45.6
mm from initial size of 7,8 mm in 28 days (Natarajan and Saxsna,
1978) as compared to the present growth of spawn to fry in 60
to 75 days from an initial size of 6.0 to 10,0 mm to the final
size of 30.0 to 80.0 mm, Once again it is gquits evident that
the rate of growth is retarded at this altitude and ths reasons
presented sarlisr may be applicabls to these findings as well
causaed by low water temperature, acidic pH, low alkalinity and
low plankton production as discussed above. Howsver, the morta-
lity rate in the present experiments ranged between 10.9% to
27.6% only as compared to 75% mortality shown by Natarajan and
Saxana (1978), thereby indicating 3 to 7 times reduction in
mortality. The possible sxplanation for this could only be
found in the contrasting differences in stocking rates. Thus
while the present stocking rate works out to about 50,00,000/ha
the sarlisr report in bamboo nylon cages is much higher with

8,50,00,000/ha (Natarajan and Saxsna, 1978).

From the present sxpsriments in the nylon hapa it could
be inferred that the major advantages of rsaring spawn in such
closed and fixed nurssries are that these are primarily preda-
tor free in addition to the maintenance of a fair degree of
constancy and fres from the influence of someg of the physical
factaors such as heavy rains and hailstorm which do not normally

affect such hapas as these are covered at the top. Nevertheless,
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in addition to the supplémentary feed provided, the meshes of
the hapa always facilitated the entry of phytoplankton and zoo=-
plankton that are available to the baby fish. Further due to
its submerged presence in the water for a period of nsearly
three months the sidss of the hapa encourages the growth of
periphyton which also form added nutrition as thess organisms
are known to be a primary fish food. The other benefits of
such confined rearing of gpawn are that the hapas serve to be
hygienic since the waste mattor as unused food or faecal matter
are sasily seeped down through the meshes and also reduces the
elaborate manual labour which are othsrwiss needed in nurssry
ponds. Such closed rearing reduces the strain and injury to ths

fry while netting which could not be avoided in nursery ponds.

Thus, the present findings once more emphasise that such
floating nursefies is the obvious answer to mest ths short fall
in rearing spacs, though the technique will have to be furthsr
improvad in mény ways, since thse glaborate nursery management
with the resultant incresase in cost of production could be

minimised considerably.

In another ssries of rearing sxperiments during 1978 and
1979 aimed at attaining results on comparative efficiencies of
the fry habitat, the Common carp spawn wers reared in Plastic
pools. From the first rearing expsriment of 1978, the fry atte
ained the size of 35.0=50.0 mm and 3,000 to 5,000 mg in 60
dayse. The growth rates recorded wsre 3.8 and 364 times in terms

of length and weight increment with the survival of 358 out of

500 spawn amounting to 71.6% survival and 28.4% mortality rats.
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The second experiment showad a final growth of 45.0-60.0 mm and
5,000 to 7,000 mg with 60.4% survival and a mortality rate of
39,6%. The growth increment from stocking to harvesting was 5

and 545 times respectively in terms of length and weight.

Similar experiments wers repsated in 1979, In the first
experiment the total growth in 60 days was 45.0=65.0 mm long
and 4,000 to 6,000 mg in weight with 8 and 714 times growth att=-
ained from stocking to harvesting. The survival was 78.6% with
a mortality rate of 21.4%. The second expsriment showed the
attainment of growth in 60 days to be 40-~60 mm and 3,500 to
5,500 mg, showing a 6=fold and 500=fold increment in tsrms of
length and wsight. The survival rate of 83.4% was achieved with

a mortality of 16.6% only.

In the present experiments the stocking density of spawn
in both the years were at the rate of 500 fry/Plastic pool of
2.0 m diameter which works out to a stocking rate of 25,00,000/
ha; as compared to more or less half this density as that used
in the Nylon hapa of the previous sxperiments and about 35 times
less the density of the experiments in the plains reported ear=
lier. The survivality during 1978 was 71.6% in the first and
60.4% in the second experiments, with the growth increment in
60 days of 35.0 to 50,0 mm and 45.0 to 60.0CUmm respectively.
During 1979 the rate of survival was 78.6% and 83.,4% with a rise
in growth to be 45.0=65.0 mm and 40.0-60.0 mm in the 60 days
period., Thus the gross growth increment in those Plastic pools

is almost similar to that achieved in the Nylon hapas as well as
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the rate of growth is retarded as was also seen in hapa. Thess
results once again confirm the altitudinal effects of the physi-
cochemical and biological factors in the present study, as com=-
pared to the findings in the plains areas as discussed earliser
(Natarajan and Saxena, 1978)+ Howsver, the mortality ratses in
the plastic pools (28.4%, 39.6%, 21.4%, 16.6%) are on the higher
side when compared with the Nylon hapas. Whils it is not possi=-
bleble to pinpoint the causses precisely, it may be suggsstod
that the total isolation and confined nature of the plastic pool
habitat with no physical contact with the surrounding water
medium probably led to accumulation of toxic metabolites in
addition to lack of inflow of any food material from the surrou=
nding environment as was the case in the immersed nylon hapas.
Howsver, the mean mortality rate (28%) in these plastic pools
when compared to the results of the experiments from the plains
(75%) is still relatively low which may be attributed to the low
stocking rats, while the high mortality in net cages may be due
to heavy stockinge Such a situation with low stocking, with a
high survival and heavy stocking with low survival in Rohu and

Catla was also reported by Sen (1978).

During the present investigations, the rearing experiments
of fry to fingserling stages of Common carp were conducted in the
plastic pools of varying sizes for a period of 6 months in the
premises of the University campus. These sxpsriments wers desi=~
gned with a primary purposs of finding out the growth and sur=-
vival of Carp fry to fingerling size by smploying not only

different feed combinations but also during the off season of
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the annual cycls, in contrast to the conventional practice of
fry rearing from May=July, soon after the breeding season in
March and April. Normally, in this hill region these frys are
reared to fingerlings of about 3=6 cm length and 5.0 gm weight
for a 3 month period (May=July) before they are distributed

for stocking. It was felt thersfors that if proved successful
then the fingerlings could be made available almost throughout
the year for rearing purposes. It is well known that in the
country as a whols and particularly in the hill regions, avail~
ability of frys or fingerlings act as a major constraint in

fish culturs practices.

It has besn shown in the results (Table=XIV) from these
experiments that the Pool 1 with cowdung, rice bran and mustard
oil cake showsd the highest growth rate where from an initial
weight of 0.5-1.0 gm the fry had grown to a maximum weight of
3540=51,0 gm in the 6 months period, with an average growth
rate of 6.8 gm/month. The gross total production in this pool
was 3,600 gm for the entire period. The mortality rate was vsry
low in this pool with only 16%. The growth in Pool 2 with rics
bran and mustard oil cake also showsd satisfactory results,
from an initial stocking weight of 0.5 to 1.0 gm to the maxi-
mum range of 22,0 to 35.0 gm. The gross production was calcu=
lated to bs 1,815 gm, with an average monthly growth rate of
4,85 gm. This pool showed 8855 survival with a low mortality
rate of 12%. In Pool 3, with only rice bran as the feed, thse
growth rate recorded in 6 month period was betwsen 18.0 to

26.5 gm with an mean growth of 3.5 gm/month. The total gross
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production in this pool was 462 gm with the mortality rate of
20%. In Pool 4, with the only feed being mustard oil cake at
4% body weight, the weight ranged betwesn 25.0~38.0 gm with an
average growth rate of 5.3 gm/month. The production of finger=-
lings was 590 gm in the &6 month period with a mortality rate
of 28%. The Control Pool 5, with no addition of any supplemen=
tary food showsed the least growth rate, and from the initial
size of 0.5 to 1.0 gm, the fry grew to a maximum weight of 9,0
to 12.0 gm yielding a total production of 126 gm in 6 monthse.
There was a hsavy mortality of fry in this system with 78% and

with the lowest survival rate of 22%.

A comparison of the growth and production in the differ=-
ent plastic pools, reveals that the optimal yield was obtained
in Pool 1, followed by those of Pools 4, 2, 3 and 5 in that
order. This could be undoubtedly dus to the diffcrences in ths
nutritive value of diets offered in the pools, which enabled
the fry in Pool Noe. 1 and 4 to grow better, probably by effi-
cient conversion, Suech possibilities of better yield of frys
ars reported by Jhingran and Sehgal (1978), who pointed out
that by using more nutritive dist and improving feeding methods
much higher yislds in Common carp farming was obtainsed in
Europe, Israel and Japan. The present results have further
shown that while addition of organic manure certainly encoura-
ged better growth as seen bstwsen Pools 1 and 2, o0il caks alons
could probably snhance growth as ssen in Pool 4, since the
growth in this system was sven more than in Pool 2 with rice

bran and mustard o0il cake. The growth in Pool 3 with rice bran
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alone did not yield good results, It may therefore be sugges=
ted that esven oil caks alone or when supplemented by cowdung
would probably yield optimal growth rate at this altitude. In
this contexty, it is of interest to note that Smith and Swingle
(1942) also obtained increased fish production with somewhat
similar fesd combinations in ponds fertilized with cotton sesed
mealy; soyabean meal and poultry mash with or without the addi=-
tion of supsrphosphate over those obtained :in unfertilized
control ponds in Alabama, USA. Coming nearer under Indian con=-
ditions too, mustard oil cake is used singly or in combiratioan
with cowdung for manuring fish ponds in gaining higher fish

yields (Jhingran, 1975, 1977).

In the present Plastic pool sxperiments it was ssen that
the survival rate ranged between 72 to 88% in Pools 1, 2, 3, 4
whervas in the control Pool 5, the survival rate was only 22%.
The high survival percentages achisved in most of the pools
could be becausse that the pools were not cnly predator fres
but also maintained at a more or less steady state snvironment
as compared to that of the nurssry ponds in the open with the
attendant fluctuations. It may be howsver, added that in
racent years with much controlled facilities, experiments con-
ducted in ponds by CIFRI on rearing of Indian and exotic Carp
fry to fingerlings in various combination have yislded an
average survival of 76.6% (Jhingran, 1977). The low survival
obsarved in Pool 5 could be mainly due to ths nonavailability
of food, though certain physicochemical factors prevailing in

the system also probably contributed as will be discussed latsr.
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Apart from the data presented above on the growth of fry
to fingerlings some of the relevant variables of the water were
also analysed in the pools for the entire growing psriod, with
a view to assess the suitability of such artificial habitats
as substitute for natural systems. One of the important factors
as could naturally be expected to influence the growth of fry
is temperature. Hickling (1971) reported that even surythsrmal
gspeciss of fish likes the Carps stop feeding at about 10°C and
become torpid at about 5°C, During the present 6 month long
experiments, though the temperature of water in ths plastic
pools ranged generally betwsen 10=21°C, bscause of intervening
cold winter months there was always retarded growth during
this period due to the prevailing lower tempseratures. Thus
while the maximum growth was recordsed from September to Octobsr
and throughout the month of March, growth during the rest of
the months was less (Table=XIID.

Similarly, of the various chemical factors governing
fish life in aquatic ecosystem the ambient dissolved oxygen is
of primary importance as all fishes as well as their food org-
anigms depsnd on an optimal level of the gas in the medium for
the normal respiratory metabolism. Tha oxygen content of less
than 3.5 mg/l is estimated to be lethal to Common carp in
European waters and values below 5 mg/l are known to be criti-
cal for other Carps and Salmonids in summer (Hora and Pillay,
1962). During the present investigations dissolved oxygen cone=
tent ranged between 8.0~12.4 mg/l in Pool 1, 6.4=11.6 mg/l in

Pool 2, 4.0-11.6 mg/l in Pool 3, 4.0-10.8 mg/l in Pool 4 and
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2.0-12,8 mg/l in Pool 5. Thus in Pools 1 to 4, the dissolved
oxygen always remainsd high and hence could not have besn a
limiting factor in adversely affecting the metabolism of the
fishe However, it may be mentioned that just after stocking of
the fry in September the oxygsn content temporarily declined
to a value of 4.0 mg/l esach in Pools 3 and 4 and to 4.8 mg/1
in Pool 3 in Decembser. While these levels are not too low to
be lethal, yet these tsmporary drops in valuses could have
caused the obssrved mortality in thsse pools. Similarly in
Pool 5 of the control system, low oxygen values wers recorded
in the month of September just after stocking of fry with the
oxygenchiue reaching 2.0 mg/l which actually resulted in
heavy loss of fry due to oxygen depletion further confirming
the sarliser report of Hora and Pillay. (1962) that oxygen con= -
tent of less than 3.5 mg/l is lethal to Common carp. Again the
thick bloom of phytoplankton in Pool 5 throughout the rest of
the growing period suggests that the oxygenation of the sur-
face layer of water occurs during the period of bright sun=-
shine as seen from a rise of values from 6.8 mg/l in October.
to 12.8 mg/l in March, Whether this high dissolved oxygen con-
tant also contributed to the high rate of mortality in this
control pool is not known though supsrsaturation of the water
with oxygen during thse night hours is known to be the cause

of mortality of fish frys and fingerlings in nursery ponds

(Alikunhi gt al 1957).

Swingle (1957) considers that most productive waters in

terms of fish growth are those with a pH ranging from 6.5=9,0,



127

whereas values bselow 4.0 and above 11.0 are critical to fish
life. In the present experiments conducted in the Plastic pools
the pH was maintained in the alkaline range with thes Pool 1,
showing 7.0~-8.6, Pool 2 with 7.0=9.2, Pool 3 with 7.0-8.3,

Pool 4 at 7.0-8.8 and Pool 5 at 646=10.1. Thus from a fishery
point of view the pH obtainsed in thess systems could be congi=-
dered optimal for the growth of fish, since acid waters are
generally known to bs less productive than that of alkalinse
waters, although the exact influence of pH on the fish growth

is yet to be determined (Alikunhi, 1957).

From the results one clear emerging observation 1is that
in all the Plastic Pools under study the two groups of Phyto=-

plankton viz, Scenedggmud and Hagdmatococcus dominated in all

the system in comparison to the total plankton. Further the
interesting phonomenon in all the pools was the inverse rela=
tionship betweon these two groups to the extend that in all
the pools they reveal a mirror imags of sach other (Fig.3to7).
Howsver, it was noticed that in Pools 1,2 and 5, the rise and
fall of these two groups were similar in the sense that

Hasmatococcus continued incrsasing beginning the period of in-

vestigation till around December, when it maintained a platcau.

The reverse was true for Scenedesmus. Unlike these three pools

Pools 3 and 4 reveal an opposite phenomena in the sensas, that
what was true for Scenedsesmus in the sarlisr thres pools is re-

vealed by Haematococcus in the two pools and vice versa.

The maximum planktonic group was obssrved in Pool 1 whilse

the minimum was seen in Pool 2, Moreover, Pools 4 and 5 had
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only Phytoplankton, while the remaining poolsdid have one or
more groupsof Zooplankton. However, ths Phytoplankton group

other than Haematococcus and Scenedesmus were in so negligiblo

amount to have really played any important role in the inter-
relationship with physico=chemical factors or fish growth. This-

was true in all cases sxcept Pool 3 where Staurastrum revealed

an inverse trend to Haematococcus,

Regardinag the Zooplankton the group Protozoa and Rotifara
had similar trendsof fluctuation at lsast for the initial per=-
iod of investigation and true for the 3 Pools =~ 1,2,3. Their
peaks was seen in November and December, when Rgotifera drop to
minimum and continue so for the remaining period, while Protozoa
during the same time increased to an axtent of the formation of

anothar peak,

\lhils inter relating the seasonal fluctuating trends of
various groups of Phytoplankton and in particular the dominant

groups of Haematococcus and Scenedessmus with physico=—chemical

factors it was seen that in Pools 1,2,5, Hasmatococcus reveal

a pogsitive relationship during the first 3 months of the study
period, while it was negatively related for the remaining per=-
iods A similar trend was observed for Scenedesgmus for Pools 3
and 4. Among the Zooplankton, howsver a positive trend for
Protozoa and Rotifera was seen for the pocls where they occurr~

ed with the physico=chemical €actprs under consideration.

One of the possible reasons for the trends as observed for

Scenadesmus and Hagmatococcus could be due to the incorporation
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of Phosphorus by decaying Phytoplankton in the benthic region
and the utilization of the remaining phosphorus in the pools
being incorporated by these producer omganisms (Czeczuga and
Gradzki, 1974). During winter, ths population of Scensdesmus

and Haematococcus could be seen to utilize the low aquatic ens=

rqy very sfficiently as is observed that if Hagmatococcus incre=

ease, Scenedesmus decresased thereby setting limitation to ths

effects of light adaptation in addition to natural depletion.
Our results may be blurred by some factors but the high varia-
tion in light intensity and limited range of temperature var-
iations relates to the fact that the species composition varied
much less during the study period than in natural aquatic eco=-
systems(Tilzer and Schwarz, 1976). This is further confirmed
from the fact that the probability of less organic matter has
particularly been utilized by this species of fish Cyprinus
carpio communis L. which goss to the bottom and side wallsfor
feeding. Hence this limited diversity and abundance relation-
ship is observed in the pressent study (Biswas, 1970). The Zoo=-
plankton densities as recorded for the fertilized pools being
higher than the control agrees clossly with the classification
according to inorganic Nitrogen levels, proving thersby the
possibility of a direct relationship betwsen the levels of
nutrient input and the resulting components (0'Brien and De

Noyelles, 1974).

The primary aim of these experiments though was to relate

the possibility of supplementary feeding to maximising the fish
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yield in the early stages of fish growth. If, so, from the present’
study it is clearly observed that Pool 1 revealed as much as 5
times the growth rate in the fishes, in comparison to the rema-
ining pools. This fact is understandable because it was in this
pool only that in addition to Rice Bran and Mustard 0il Cake,
cowdung was added confirming thersby the possibility of oxidisa=-
ble organic matter as mentioned earlier to play the most impor-
tant role in the feeding propensitiss and growth utilization

of these fishes. The Pools 2 and 4 were next in order to Pool 1
in terms of growth rate of fighes being 3.5 times the increass.
Here too though cowdung was eliminated, the common factor pro=~
bably responsible for this rate of growth could be attributed

to the presence of Mustard 0il Cake in both these systems. This
proves thereby that Mustard 0il Cake like cowdung has ths poss~
ibility of rapid utilization but not to the extend of the
latter. In conclusion we might thersfore add that it is not only
the importance of addition of single supplementary feed but the
combination of these feedsin the right proportions which deter-

mine the highest possible growth of these fishes.
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Thus the above seriss of expsriments have shown that fry
could be successfully reared to fingsrlings with minimal rate
of mortality and these pools could probably be suitably subst-
itutes for natural nurseries. The present experiments have .
also given an important clue that frys could be reared even
during the offseason in these hill regions. The various feed
gombinations employed in the present study have further vali-
dated their utility and diffargntial importance in the rearing
of Common carps in thess Hill States. Thus, while attempts are
underway to augment fish seed supply by more efforts by way of
bundh or induced breeding in addition te ths riverine sourco,
there is correspondingly an urgent need to enlarge the rearing
space by evolving suitable alternatives to augment the rearing
of fry and fingerlings of cgommon economic fishes. The existing
ground nursseries have proved to be too inadequate to meet this
shortfall in rearing space and thus the pressnt Plastic pool
nurseries with their sncouraging results can be the obvious
solution, though these technigques will have to be further im=
proved and perfected. Thus the advantages of the Plastic pool

nurseries could be summarised as follows :=

(i) The minimum spacs with limited water supply.
(ii) Easy handling and hence better management.

(iii) Quick control and manipulation of most of ths

physical, chemical and biological variables.
(iv) Low percentage of mortality.

(v) Pogsibility of greater growth in shorter time
period with supplementary feeds of mors nutritive

value in different combinations.

A
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One of the important problems always facing both the
fighery scientist and fish culturist in the hill regions of
North=Eastern India is the low yield of fish coupled with slow
or retarded growth of the stock. In order to understand this
problem in depth, rearing experiments of fingerlings to table
gize fish of 500 gm weight wsre undertaken during both ysars
of 1977=78 and 1978«79. However, 1t must be mentionsd that in
the first ysar (1977-78) the rearing experiment was conducted
in a 0.025 ha pond of 1.5 m depth with the detailed recording
of physicochemical factors. In the second year of 1978=79 for
lack of availability of the same physical facilitiss, the
rearing was carried out partially in an enclossed stretch of a
feeder stream, Ka Wah Dienglieng. During this year, data gath-
ered were mora or less of confirmatory nature and hence dsal

only on the growth rate of the fish (Table=XXII).

The fingerlings used for the first experiment (1977-78)
ranged bstween 6.0 to 16.0 cm in length and 5.0 to 50,0 gm in
weight and the fish were fed with a mixture of rice bran and
mustard o0il cake in addition to manuring the pond with cowdunge.
The results of this experiment revealed the maximum weight
attained by these fingerlings was 585.0 gm in the 12-month
period in the first year and 440.0 gm in the second year. The
total production of fish in the first ysar was 106 kg/0.025 ha
or 4,240 kg/ha/yr while in the second year at 40 kg/02haor 2010 kgha.
The present studigs have shown therefors that if propsrly
managed, waters of these altitudinal hill regions could yield

an averags of 3,125 kg/ha/yr, which compare wsll with
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production rates of sxotic Carps in the plains of India (Grass
carp, Silver carp and Common carp) with the value ranging from
2,896=3,281 kg/ha/yr (Singh et al 1972), though less than the
reported values for Common carp of 1,000/kg/ha in 3% months in
wheat fields of Madhya Pradesh {(Tripathi, 1978 ). Of courss,
the present figures are much higher when the natural fish prode
uction of the country as a whole is taken into account where
only an yield of 200~500 kg/ha/yr is obtainsed without any mana-
gement practices (Sinha, 1972). Howsver by adopting the present
compogite Pish culture method of Indian and Chinese Carps the
production figures are in the upward trend with 1,000-4,900 kg/
ha/yr achieved ten year ago (Alikunhi et al 1971), while the
highest so Par obtained is 9,397 kg/ha/yr (Chaudhuri gt al,1974)
Outside India, Brown (1969) estimated the Common carp produc-
tion in Japan with 4.1-8.2 t/ha in small ponds and irrigation
tanks, 112-338 t/ha in recirculating and filtering ponds, 616~
1,950 t/ha in running water ponds and 444 t/ha in impounding
nets, which as could be ssen are several times higher in compa~
rison to the present production rate which is svidently dus to
the very high protein rich feseds administsred to thess fishss

under controlled environments.

As mentioned befores, in both the 12=month expsrimental
duration of 1977=78 and 1978-79, it was noted that the Common
carp reached a maximum growth of 585.00 gm and 440 gm in the .
two different habitats of the nursery pond and snclosed stretch
of a feeder stream. Data on the growth of Common carp from dif=-

ferent latitudes and temperature regimes are given along with
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the present results (Table~XXIb). It will be seen that the pre-
sent growth rate for this altitude and temperature favourably
compares with findings from most of the tropical countries,
though hignser than for the rest of the countries which are
truly temperats with low prevailing tumpsratures with the sin-
gle exception of USSR. Such temperaturse-~dependant growth rate
once again reitsrates the cardinal importance of this gnviron-
mantal variable on the life of polkilothsrms like ths fish.
This fact was further amplified that aven within the annual
cycle of growthy, the maximum was obtained for ths first 5 months
after stocking, mainly attributed to the distinct rising temp=
erature of March and April, since within this period the size
already rsachsd from an initial of 6 to 16.0 c¢m and 5.0~50.0

gm wéight to a mean of 29.0 cm and the weight from 390.0 to
405,0 gm. Ons of the sidelights of the pressnt resaring expsri-
ments in the first ysar is the unexpected rise in numbers of
the harvested fish particularly of the lowsr size group and
weights (Table-=XIX). Thus from the initial stock of 300 finger-
lings a total of 864 were fimally taken out., This was certainly
due to the rapid maturity of some of the large sized fingerling
which wers already in thsir ssecond year of growth as they
belong to the stock of the previous ysar. Further confirmation
of this was also obtained from the slight reduction in the mean
weight of the stocked fish in the month of May evidently due

to loss of weight in spawning and as well as from the presence
of very sarly frys 3.0«3.5 cm of 0.6=1.,0 gm weight in ths pond

during the month of Juns.
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It is known that the attainment of maturity in Common
carp depends on the prevailing climatic conditions under which
it is grown (Lakshmanan gt al 1971, Hickling, 1971). The size
and age at first maturity of Common carp obtained under the
present climatic conditions and altitude of 1,550 m has besn
compared with data from different countries of the world as dis=-~
cussed earlier in connection with the breeding expsriments.

Thus it was sesn that while in Fish Dals farm at Shillong, the
Common carp matures within the second year, comparable results
for the other Indian region are within six months in the plains
and 1, 2, 3 ﬁr 4 ysars of age for populations in upland lakss
(Jhingran, 1977). Thus the voluntary breeding of some of the
stocked fish in their second ysar of growth with the resultant
fry not only confirmed our sarlier findings but also contributed
towards the entire figh biomass and in turn to total production
of fish. A similar case to that of the present obsservations was
also reported by Sukumaran (1978) who showed that the low aver=
age monthly growth rate rscorded in the case of Common carp at
Gujartal centre was dus to the bresding of this fish which con=
sequently increased the population and contributed more towards

the total production of fish.

During the first ysar of these rearing esxperiments detai-
led estimaetions wers mads of the environmental facteors. Since
these data were collected from the natural rearing ponds their
influence on fish growth ars of significance in future fish cul-
tural practices in this hill state and hence discussed. During

the present experiments the tempsrature of the pond water ranged
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betwesn 10~24.5°C, although during November to early larch a
fairly low temperature prevailed ranging betwsen 10.0-16.0°C
with corresponding slow growth incrsment of Common carp. That
the temperature range affects the rate of growth of indigsnous
Carp had already besn confirmed by Alikunhi {1966) and Jhingran
(1974), where it was reported that Indian major carps thrive
well in a temperature ranging from 18 to 37°C, while temperatures
below 16°C and above 40°C are limiting to their growth. On the
other hand, the present studies showed that while the fingsr=-
lings of Commdn carp exhibited satisfactory growth during the

8 months of warmer period, yst continued to grow though at a
slowsr rate even during the other four colder months as this
speciss is known to have a wider range of temperature tolsrance

of 14-40°C, unlike that of Indian major carps.

During the present investigations dissolved Oxygen content
always remainaed high at the experimental pond and ranged betwsen
8.4=14.0 mg/1l and hence could not have heen a limiting factor
in adverssly affecting the metabolism of the fish and other
fauna. It may howsver be said that the measurement of dissolved
oxygen content proved to be ons useful parameter with regard to
the pond fitness for fish culture, as with the introduction of
intensive fish farming practices all over ths world, the maint-
enancs of proper oxygsen balance will be an essential pre-requi-
site sspecially with superintensive production, as suggested by

Szumiec (1978).

While it is now a common knowledge that in most of the

routine limnological studies the hydrogen ion concentration
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(pH) is often used as an index of the prevailing water condi-
tions, the pH of water has also besn used as an indicator of
fertility or potential productivity. At Fish Dale farm in
Shillong even after treatment by ths addition of lime at the
rate of 1,000 kg/ha in the pond, the pH value though initially
rose upto 7.55still remained throughout the period of growth
in the acidic rangs between 6.3=6.9. This was probably dus to
the constant inflow of low pH water (5.6=5.8) from the foedsr
gtream to maintain the pond level. Thus from a fish culture
point of view the pH level could be considered suboptimal as is
well known that such conditions ars not so favourablo for

optimal fish growth (Alikunhi 1957, Swinglo 1957).

Water containsg free carbondioxide mostly contributed from
the decomposition of organic matter in varying quantities and
as well from the atmosphere, or as a result of respiration of
aquatic animals and plants. Hora and Pillay (1962) suggested
that normally a value abou® 5 mg/l of carbondioxide content may
not be suitable for fish life as besides preventing the oxygs=
nation of water, 1t might also adversely affect the extraction
of dissolved oxygen from the water. Similarly the high concen=
tration of carbondioxids has also been observed to increass
losses of fry and produced a number of deformed specimens in
Salmonids. Howsver, the 12~month results presented for the
carbondioxide content in the present pona show that range of
variation never exceeded 2.0-4.0 mg/l thereby showing that as
far as this environmental factor is concerned the pond habitat

wag optimal for normgl fish lifs.



138

Generally a total alkalinity value of 100-~500 ppm as
CaCo3 is prescribed to be a measure of productivity and produc-
tive waters (Schaperclaus, 1933: Alikunhi, 1957), eventhough
the natural bodies of Indian waters are known to show the widest
range of values Prom 4-1,000 ppm (Ramghandran, unpublished). In
the pond under study the total alkalinity levels ranged between
22.0 to 44.0 mg/l which from a fish growth point of view is
certainly low and could have much limited the growth, although
its effects could have been indirsct by sven slowing down the
growth and production of fish food organisms. In this context,
it is relevant to point out that soil in moderate to heavy
rainfall areas and especially with lack of modern practice of
liming and fertilization, ponds located in such places gensrally
show a total alkalinity range equivalent to 10-~50 ppm of Calcium
Carbonate (Swingle, 1967). Ths above findings adequately explain
the low alkalinity records of the present study area as this
region is known for its very high rainfall, since Cherrapunji
and Mawsynram the places of World's highest rainfall are only

50 km away from Shillong.

Of the major nutrients, Nitrogen in its varied form con-
stituted one of the basic slements contributing to ths fertility
of natural waters. It is well known that ponds derive the major
supply of nitrogen through the biodegradation cycle and of
extreme importance in the maintenance and nutrient economy for
prolonged aquatic life. It has been reported sarlier that the
best production of plankton is obtained when the water contains

4 ppmy 1 ppm and 1 ppm of Nitrogen, Phosphorus and Potassium
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respectively (Hora and Pillay, 1962). The present pond showed a
nitrate level of 0.01 to 0.07 ppm for the entire period of study.
Thus it is sesn that the estimate of nitrate, phosphate and si-
licate were at very low levels in the present experimsntal pond,
The significance of such low values cnuld only be surmised,

gince their synergestic effacts could certainly indirect by
slowing down the production of plankton in the system and in

turn fish growth,.

Unlike nitrogon and carbondioxide, the phosphorus source
to an aquatic system is not usually dsrived from the atmosphers
but released from dead organisms through bacterial mineraliza-
tion which in turn helps the growth of phyto= and zoo= biota in
the water. Even though present only in very small quantities in
natural waters, phosphats together with silica, are intimately
aggociated with the growth and production of phytoplankton.

Thus a concentration of 1 ppm of phosphorus is found to bes the
optimum for good growth of plankton and fish pond having mors
than 0.2 ppm phosphate are likely to be quits productive (3Jhin-
gran, 1977). However, only low phosphats content of 0,01 to 0.14
ppm was recorded in the present sxpsrimental pond almost throu-
ghout the year. In addition to these two nutriesnts, the silicats
levels in the pond were also measured which was considsrably

low at 0.02 to 0412 ppm.

The present studies have shown therefore that if properly
managed, these altitudinal hill regions could yield an average

of 4,000 kg/ha/yr which compares well with the production of
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exotic carps (Grass carp, Silver carp, Common carp) with the
values ranging from 2,896~3,281 kg/ha/yr (Singh gt al 1972)
though less than the reported value for Common carp to be 1,000
kg/ha in 3% months in wheat fields of Madhya Pradesh (Tripathi, 1978)
Of course, as pointed out bsfore, the present figures are much
higher when the natural fish production of the country as a
whole is taken into account where only an yield of 200-500 kgj
ha/yr is obtained without any management practices. Further,
when the growth rate is computed on a monthly basis the overall
averags growth achieved was 48.7 gm/month at Fish Dale, Shillong
which appsars to be relatively higher than that reported for
Gujartal centre (Uttar Pradesh) with 27 gm/month, though much
lowsr as compared to that of Karnal centrs (Haryana) with 179

gm/month (Sukumaran, 1978).

An outcome of the above rearing experiments is an attempt
to calculate the overall aconomics'of the monoculturs of Common
carp in Shillong arsa in terms of expenditure incurred and the
total return of fish from the experiment (Table=XXW). The
results of the present experiments at Fish Dale,’Shillong, indi-
cate that on the basis of a total input of Rs.&UB/—, the éoat of
production of a kilogram of fish worked out to Rs.3,85 as com=
pared to the cost price range of Rs.2.38 to Rg.2.93 kg resported
earlier from the composite fish culture experiments conducted
by the Central Inland Fisheries Research Institute in differant
regions of the country {Jhingran, 1978). This production cost

of under Rs.4/- in the present study is to be compared with the



TABLEx®{a): Showing the cost of Inout for Production of Fish
in Shillong during the rearing experimsnts of
fingerling to Table size fish of Cyprihnus carpio
gcommynig L. for one year (1977-1978) at Fish Dale
farm, Shillong.
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a) Rice bran = 226 kg
@ 0,30 p/kg =R, 67,80

b) 041 cake = 226 kg
@ 1.20 p/kg =Rs,271,.20

o) Cowdung - 500 kg
A 1 -0@20 kg =3, 50.00

d) Quick lime = 2 tins
@ F5.10,00 pAin=Rs.20,00

N.025 ha 105.525 4240 Ts, 3085

Total we= w=fs, 408,00

I S A 0 D D W N SU SN0 B ) T P S NG S S S TR UG WO LS W@ B0 U A FIR D Sy b ek o -

TABLEﬂdwéﬂﬁ Showing ths Cost of input for production of Fish
in Shillong during ths rearing sxperiments of
Fingerling to Table size fish of Cyprinus carpig
communis L. for ons ysar (1977~1978§ at Fish Dale

?arm, Shillong,
N e 00 T 0 (D 8 ) P T PR B S B S 8 P o s o oy - o S Oy Sy T TSP Y S P ey B YD N S P T T S PP A SN T 2 AP Y T P WY o
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Rse P, (kge/yr,) tign af lopal rpalized by (Rs,

Fish market sclling 106
(kg.) (RSQA(Q.) kgo of fish
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408,00 4,240 106 16 106 X 16 408,00
=Rse 1,696 /=
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prevailing market rate of fish price at Rs.16/~ kg. Thus, the
cost of production is just one fourth of the current selling
price, in spite of the fairly high cost of supplementary feeds

in the hill regions used in the present study.

The results obtained from the study of the seasonal fluct-
uations of the planktonic organisms at the Fish Dale farm,
Shillong could be loocked at from the two major sub-groups viz.

Phytoplankton and Zooplankton,

Among the five groups of Phytoplankton encountered all re=-
vealed just one peak of abundance except Bacillariophyceae
which had two prominent peak = one in Winter and the other in
Summer. Further, this group comprised of the largest rslative
abundance amongst the totalhpiankton. In the other groups Cyan-

a

ophyceas and Chlorophyceae/winter peaks while the first group

(Euglenophyceae) had a summer peak.

Among the Zooplankton it was seen that except for Protozoa
which had two prominent peakg = one in sarly spring and the
other in mid-summer all the others revealed a peak only in thse

early springe.

From the above it is quite obvious that since the collect=-
ions were made beginning winter period, it is natural to attgi-
bute the building up of the levels of these groups as summser is
set. However, aexcept for Bacillariophyceae and Euglenophyceas
this phenomenon was not only true for the othsr three groups

but infact showed a decline. Even though such a relationship
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did exist for the maximum betwsen Bacillariophyceae and Eugle=
nophyceae, however, in totallty during the period of investiga-~
tion it could be seen that abundance of Bacillariophyceae
always had a negative relationship with all the groups under

congideration.,

While comparing these phytoplankton groups and their fluc-
tuations with the physicochemical parameters undertaken, it is
seen that there 1s a positive relationship between Silicate and

Bacillariophyceae and so alsc in the cass of Phosphate.

tuglenophyceae, Chrysophyceae and Cyanophyceae though
reveal a positive relationship among ths two factors but only
for the beginning of the experiment. However, these groups
definitely revealed a negative relationship with temperature,

carbon=dioxide and dissolved oxygen.

One of the reasons attributed to the phesphate levels and
Bacillariophyceas could bes due to the fact that this group
being a higher nutrient needer, the phosphate level had to fall
much below 0.3 mg/l to allow the growth of blue-~greens (Hammer,
1969). It is further clear that temperature and phosphats con-
centration played important roles in determining the abundance
of blues-green algae which is known to predominate as well as

to produce more individual species (Hammer, 1969).

Further, in winter when the nutrient levels were high the
other factor responsible for Bacillariophyceae abundance could

be atttibuted to light which may act as a regqulating factor in
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this case. However, one cannot eliminate the fact that the tem=-
poral or spatial segregation certainly suggests competition
avoidance (Stewart and Blinn, 1976), but additional data nsesds

to he collected to substantiate this statament.

Another reason to be attributed about the phosphate rela-
tionship to the phytoplankton could be that at lowsr temperatures
(winter) algae lyse phosphate at decreased levels preventing
their own growth showing a picture of phosphate level high in
the water body unutilized (Golterman, 1960). Further it is
known that small green and blue=green algae are acceptéd as
indicators of Eutrophy (Golterman, 1975). If so, ons would look
to the levels of pH and alkalinity and in this case we sese that
both these factors show a trend in reverse, meaning thersby
that with extreme nutrient enrichment there is a very low buffe-
ering capacity proving no mortality effects due to these

(0'Brien and De Noyelles, 1972).

It is also known that for conditions like in India, high
temperaturs and high pH usually coincides with low phytoplank-
ton densities (Choudhury gt al 1979). Howsver, it is not trus
in our case as the system is situated at much higher altitude
and latitude which shows a negative relationship with tempera-

ture and pH.

All the above mentioned interrslationships is only true if
both the numbers and seasonal abundance and the relative abun-
dance for the season is ths same. In our case there are discre-

pencies between what could be considered as a nutrient determined



144

phytoplankton, density=potential and the actual observed densi-
ty. Therefore, controls in any nutrient trophic system should

be viewed from as diffgrent levels, largely determined by thse
rate of input and output {(O'Brien and De Hoyelles, 1974). This
fact is proved from out study in the sanse that photosyntheti-
cally active living organisms being related to released oxygen
level is quite true when their relative percentage is correlated
than with the density of population (Biswas, 1972). Further low
values of dissolved oxygen is known to be associated with high
organic matter due to primarily by the oxidation of organic

matter discharged into the system (Venkateswarlu, 1969).

While considering the intricate relationships between the
zooplankton and physico=chemical parameters one could observe
no definite relationship bestwsen any of these factors with the
group Ustracoda, Copepoda, Cladocera and Rotifera. However, the
peaks of Protozoa do show an inverse relationship to the nitra-
te levels and phosphate levels though in the latter during sum=-
mer, it was not so. Oxygen and tempsrature were the only two
factors which showed a definite positive relationship. One rea-
son attributed to this would be the lack of diversity in above
four groups mentioned except Protozoa, similar to the general
fluctuations of the general planktonic community as pointed by
Pennak (1957). Morsover, the analysis did not take into consi-
deration either the trus species or the common species and
hence their impact on the general phytoplankton as food source
could be due to the limitation of the possible types of feeding

specialization (Nordlie, 1975). Protozoa as shown for phyto=
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plankton could probably have had the peaks of abundance again
due to the higher average concentration of oxidizable organic
matter directly proportional to the oxygen levels and true

particularly to flagellates (Munawar, 1970).

The rapid development of protozoan colonies during summsr
coincides with highser temperatures which is true for succession
of species among organisms despite temperature conditions vary=

ing from year to year (Larsson gt al 1978).

While relating these groups of plankton to the growth of
fish it was seen very clearly that among the phytoplankton it
was Euglenophyceae and among the zooplankton it was Protozoa
whieh showed positive correlation with the growth rate of the
fishe It is known however, that very high production of figh
are noted from waters with blue=green algae 8pecially the plan=
kton feeders in the lowest trophic levels grew well and high
yield (Sreenivasan, 1966) though occasional mortality duse to
oxygen depletion simultansously have bsen recorded (Sreenivasan,
1964). Howsver, in our case it is an omnivorous feader and has
proved that it is the disturbance created by thess fishes on
the sides and bottom of the ponds releasing the necessary pro-
tozoang and flagellates like Euglena which has definitely

improved in their growth rate.



PREDATION EXPERIMENTS ON THE SPAWN
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II. PREDATION EXPERIMENTS OW THE SPAWN OF COMMON CARP, CYPRINUS
CARPIO COMMUNIS L. WITH DRAGONFLY NYMPHS, HEMIPTERAN BUGS
AND FROG.

The results obtained from the predation experiments by
using a few of the most common and abundant predators encoun=
tersd in the expsrimental ponds at Fish Dales farm, Shillong are
presented below: Thess expsriments on the predatory propensi=
ties of dragonfly nymphs (Aeshna sps. and Cordulia sp.), Noton=-

ectids (Anisops sp.) and frog (Rapa limnocharis) were conducted

under laboratory conditions.

In the first set of the 5 series of experiments conducted
in May 1977, nymphs of Asshna of sizes ranging betwsen 5.0=6.0
cm were used and the duration of the experiments was for a
period of 24 hours in sach of the 5 jars. 20 spawns of Common
Carp of 0.5=0.6 cm long were relsassd in sach of the jarse. It
is ssen from the experiment that the mean loss of spawn from
these 5 series was 6, 6, 7, 5 and 8 numbsrs. Since the total
numbers of spawn used/day for all the 5 saries wers 100, the
loss due to predation when expressed as psrcentage amounted

to 30%, 30%, 35%, 20% and 40% respectively (Table=XXV).

In the second set of the 5 series of expsriments conduc=
ted in May 1977 with nymphs of the dragonfly, Cordulia nymphs
of 2,0-3.0 cm size wers used in groups of four, with five such
replicates and for a duration of 24 hours in sach of the jars.
20 spawn of Common €arp of 0.5«0.6 cm were used as the prey in
each of the individual experiment. From the results it was

noted that the averags loss of spawn per 24 hours in all the 5
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seriss wers 14, 11, 8, 10 and 13 numberé amounting to 70%, 55%,

40%, 50% and 65% respectively {(Table=XXVI).

The third set of the 5 series of experiments were conduc=-
ted with the hemipteran bug Anisops in May 1977. 10 of thess
notonectids of 7.0-10.0 mm size were used in sach of the two
trays used as replicates. 50 gpawn of 0.,5-=0.6 cm in length wers
used for each individual experiment. from these seriss of sxpe=-
riments it is seen that the average loss of spawn per 24 hours
in terms of consumed : injured fry wers 9 : 5, 7 ¢ 4, 8 : 4,

6: 3 and 6 ¢ 9. Thus ths mortality rate in terms of percentags
worked out to 28%, 229, 24%, 18% and 30% respectively in all

the five series of sxperiments (Table=XXVII).

The fourth set of tha 5 series of expsriments wsre condu-

cted in May 1977, using the vertebrats predator, Rana limnocha-

ris. Only froglets of 1.5 cm in length wers chosen for thess
expsriments as this was tte sizs range always found associated
at thes spawning and breeding seasons of Common Carp. For sach
of the individual sxperiments conducted for a 24 hours psriod,
predators wers used only individually. 25 spawn of Common Carp
0.5-0.6 cm long were offered as prey. These sxperiments showsd
that the loss of spawn dus to the predatory habits of Rana

limnocharis worked out on an averags to 4 spawn in the first

series, 3 in the second and fifth, 5 spawn in the third and
fourth series for the sxpsrimental duration of ons day. In
terms of percentage, thsse results show a prsdatory propsensity
rate of 16%, 12%, 25%, 257 and 12% in all the five series of

experiments respectively {Tablg-=XXVIII).



TABLE=XXV: Showing the experimental results on the predatory
propensities of the Dragonfly nymph (Asshna sp.)
on the spawn of Common carp, Cyprinus carpio com=
unis L. in the laboratory during the year 1977.
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Date, Month Nos. of Nos, of Size of MNose. of Size of lMean Nos,

and Year of sets of predator the spawn the of spawn
the experi~  used predatoer wused spawn consumed
Experiment. ment por jar. (cme) per jar {(cm.) per day.
conduc=-
ted.

94541977 5 Jars 1 5.0=6,0 20 0e5=046 6
10651977 5 Jars 1 SeD=6,0 20 D,5=0,6 6
116561977 5 jars 1 540m=6,0 20 D.5~0.6 6
12.5.,1977 5 jars 1 5,0=6.0 20 D.5=046 7
130501977 5 jara 1 5.0"6-0 20 005"006 5
14.501977 5 jarg 1 SQD"G.D 20 0.5"0.6 8
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TABLE=XXVI: Showing the exporimental results on the predatory
propensities of the Dragonfly nymph (Cordulia sp,)
on the spawn of Common carp, Cyprinus carpio com=
ynis L, in the laboratory during the ysar 1977
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Date, Mgnth Nogs, of Nos, of Size of Nos,of Size of Mean Nos,

and Ysar af sets of predator the spawn the of spawn
the 8Xpgri= used predator ysed pawn consumed
Experiment ment par jJar {cm,) per jar cme)  par day
conduge
ted,
100501977 5 jar& 4 5’0-6'0 20 0,5”0'6 14
11.5,1977 5 Jara 4 5,0"6,0 20 095-0.6 11
12.5'1977 5 jarS 4 5.0—600 20 005“006 8
13541977 5 Jjars 4 5,0=6,0 20 0e5~0,6 10
14.5.1977 5 jars 4 S5.0m=6,0 20 De5=0.6 13
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TABLE-XXVIL:

Date, Month
and year of

the
Experiment

10.5¢1977
11541977
12.5.1977
1345.1977

Showing the experimental results on the predatory
propensitiss of the Notonectids (Anisop sp.) on
the Spawn of Common carp, Cyprinus garpio communis
Le in the laboratory during the year 1977.
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Nos. of Nos.of Size of Nos.of Size of Mean Nos. of
sets of preda- the spawn the spawn consumed
experi~ tor pr?dator used ?pawq par day

ment used (o111 18 per jar CMe ) R
conduc~= per jar Dead Inj- Total
2 trays 10 De7=1.0 50 0,5-0.6 9 5 14

2 trays 10 007‘100 50 005-006 7 4 11

2 trays 10 0.7~1.0 50 0.5=0.6 8 4 12

2 trays 10 007-100 50 0.5‘0.6 6 3 2

2 trays 10 0.7=1.0 50 0.5=0.6 6 9 15

1445.1977
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TABLEXXVIII:Showing the expsrimental results on the predetory

Data, Menth
and Year of

the
Experimsent

10451977
11541977
12.5.1977
13.5.1977

propensities of the Frog (Rana limnocharis) on tho
Spawn of Common Carp, Cyprinus carpio communisg L.
in the laboratory during the year 1977.
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Nose of Nos. of Size of Nog. of Size of Mean Nos.
sets of prodator tho spawn the of spawn
experi- used predator used per spawn consumed
mant per jar (cm. jar (cms) por day.
conduc=
ted

4 jars 1 1.5 25 GDE-O.G 4

4 jars 1 1.5 2.5 De5=0.6 3

4 jarS 1 T1e¢5 245 0.5-=046 5

4 jars 1 1.5 2.5 D.5=0.6 5

4 jars 1 15 245 0,5=0,6 3

14,5.1977

<
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DISCUSSION
In aquatic ecosystems, the study of predation as ones of
the prime biotic factors that control and regulate community
structure is bsing increasingly realised (Brooks and Dodson,
1965 and Zaret, 19693 1972). In fish culture practices, one of
the attendant problems facing aquaculturists is that of preda-
tion. The magnitude of predatory pressure on carp fry is furth=
er accentuated by the fact that gengrally monocultural practicss
ars scologically more vulnsrable dus to lack of stability in
the scosystam by low speciss diversity (Odum, 1971). Several
vertebrate and invertebrate predators are found to bs harmful
agents in fish culturs (Alikunhi, 1957; Huet, 1970; Hickling,
19713 Jhingran, 1975; 1977; Woynarovich, 1975). Pennak (1953)
reported that the aquatic insects form less than 4% of the total
number of existing insect fauna of the world. The destructivs
role of aquatic ingects in carp nurseries with spscial referon-
ce to Indian situation has been described by several earliser
workers like Khan and Hussain (1947), Prakasi (1953), Alikunhi
et al (1955), Alikunhi (1957), Choudhuri (1960), Ganguli and
Mitra (1961), Gorai and Raychaudhuri (1961) and Julka (1965 and
1969). The role of most of the aquatic insects as larvas or
adults has been pointed out that in addition to preying direc=
tly upon carp spawn and fry they also compete with the latter
for food (Jhingran, 1975, 1977). Recently even the freshwatsr

cyclopoid crustaceans Acanthocyclops vernalis and Cyclops

biguspidatus have besn reported to cause mortality to young

carp fry (van Duijn, 1973).
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At this juncture it must be pointed out that in spite of
these various sarlier reports of the alleged presdation of carp
spawn by several aquatic organisms, specific expsrimental data
are not coring forth in terms of quantification of the preda=
tory pressure and as well as the relative importance of differ~
ent predator organisms. Hence attempts were made to conduct
these predatory experiments in the present study, though this

work is not without limitations.

In the pressnt study, the most common and large sizsd
predators sncountered in the nursery ponds at Fish Dalas, Shil=
long are the nymphs of the dragonfly genera, Aashna and

Cordulia, Notonectids and Frog (Rana limnocharis). The results

of the ssries of experiments conducted in the laboratory on
the predatory propensities of the above three groups on Carp

spawn are pressnted in Table=- XXV to XXVIII,

In the first set of experiments with the dragonfly nymph
of Aeshna of 5.,0-=6.0 cm size on carp spawn of 0.,5-0.6 cm resul=
ted in a loss amounting te 30% in the first and second, 35% in
the third, 20 in the fourth and 40 in the fifth seriss of
experiments. When these results ars computed for all the five
series the total average loss was found to be 31% of spawn for

a 24 hour duration.

Similarly, the second set of experiments with anothsr
speciles of dragonfly nymph, Cordulia of 2.0=3.0 cm size resul=-
ted in a predatory loss of 70%, 55%, 40%, 50% and 65% in the

five geriss of experiments. The msan loss of gpawn when
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calculated for all the five experimental series it work out to
65%. As mentioned earlier though there are frequent references
in the literaturs to the predatory habits éf nymphs of Anisop=
tera and Zygoptera, no specific data are presented in any of
them. Howsver, Alikunhi et al (1952) have briefly rsported on
the predatory habits of dragonfly nymphs, that a specimen of 15
mm long can swallow 7 carp spawn of 6.,0=7.0 mm gize within 3
hours in the laboratory. In the present study it is ssen that
the first two sets of the five series of experiments conducted
with nymphs of Asshna and Cordulia clearly showed that in spite
of their bseing about four and two times largsr in size (60 and
30 mm) sven then their feeding voracity on carp spawn was quite
low with only 6 numbers/24 hours and 3 numbers per 24 hours/
nymph as compared to the rate of 56 numbers/24 hours (7 nos/3
hours) by sarlier workers (Alikunhi gt al loc.cit.). The latter
results are for the plains of India. It is not quite appropri-
ate to make the comparison with the prssent study as ths diffe
erences in feeding propsnsitiess could bs dus to speciss differ~
enceg or their sizes involved, although temperature variations
sven within the laboratory in these two casss could have influ=~

enced the feeding rates.

The third set of experiments was conducted with 10 num=-
bers of Notonectids with 50 spawn in each tray. It is saesn from
the results that ths average loss of spawn psr day in all the -
five series worked out to 14, 11, 12, 9 and 15 numbers/day
amounting to 28%, 22%, 24%, 18% and 30% loss respactively.

Distant (1906), Gorai and Raychaudhuri (1962) and Julka (1965)
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have made brief refersnces to the predatbory habits of thesgs
adult backswimmers and their nymphal instars that they arse
known to attack and kill carp spawn, fry, small fishes of 10,0
-13,0 mm size, tadpolss and even small frogs. Thess workers,
howsver, did not provide any specific data on predatory inten-
gitiss. From the present study, it is clearly sesn that thess
insects on an average causs a mortality of about 1 spawn/anim&V
day (12 spawn/10 animals/day). Howcusr, it must be mentionsed
that though these spawn are killed or injured collectively,
yet thsy arse not totally consumed by these insects. Thus, it
can be concluded from the present investigations on notonsc-
tids that their importance cannot be undsrestimated even at
thig altitudinal situation, for, despite their smallsr size,
their presaence warrant immediate control for higher survival
of spawn and fry in carp ponds as already suggestad for the

plains (Alikunhi, 1957 and Jhingran, 1975, 1977).

In the fourth set of expsriments conducted with the Anuran

species, Rana limnocharis on carp spawn, it was seen that the

predatory propensity worked out %o an average of 4 spawns/24
hoursg, in the first series, 3 in the second, 5 in the third, 5
in the fourth and 3 in the fifth series, showing a mortality
rate of 16%, 12%, 25%, 25% and 12% respectively. Huet (1970)
and Woynarovich (1975) have reported upon the predatory habits
of the frog speciss Xenopus both as larvae or adults upon the
gspawn and fry and as well can also compete for food. Though
the tadpoles and adult of sevsral frog specises are of ubiqui=-

tous occurrence in the carp culture ponds throughout India,
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their predatory effects have not so far besn precisely quanti-
fied for the various spscies. The present results on the preda-~

tory nature of Rana limnocharig of 1.5 cm size range with a

feeding rate of 4 spawn/day point out to the nescessity of

further detailsd studies on this aspsct.

The presant seriss of predatory experiments on one verte-~
brate and the thres invertsbrate predators have shown the rsla=-
tive importance and their possible impact on carp culturs,
though it is admitted that these sxpsriments are still of a
preliminary naturs. It is sesn that the overall prsdatory pro-
pensitiss on 100 carp spawn in terms of percentage are 31% and
56% for the dragonfly nymphs, while 22.4% and: 18% for the
notonectids and frogs respectively. Thus it may be concluded
that the most important predatory pressure at these altitudinal
ponds are due to the dragonfly nymphs followsd by the notonsc=

tids and the frogs in that order of descending magnituds.



INDUCED BREEDING, HATCHING AND
REARING EXPERIMENTS ON THE ROHU
LABEO ROHITA (Hamilton)
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III. INDUCED BREEDING, HATCHING AND REARING EXPERIMENTS
ON THE ROHU, LABEO ROHITA (HAMILTON).

A. Induced breseding experiments.

The results obtained from the experiments on induced
breeding of one of the Indian major carps (Rohu) are presented
below. These experiments on bresding and rsaring wers carrisd
out in ths “Mawpun Fish farm located about 25 km from Shillong

at an altitude of 1,100 m,

Induced breeding experiments conducted on the Rohu, Labseo
rohita (Hamiliton) in Hapas :

In the first of the two geriss of induced bresding exper-
iments the femals brooder weighed 450 gm and the males 440 and
500 gm in weight and was conducted in July 1979 (Table= XXIX).
On the same day of the expsriment the fish spawned during the
night betwsen 5~6 hours after the second injection when the
atmospheric and water tempsrature ranged betwsen 23=29°C and
26-28°C respectively (flable-XXX}. Meteorological factors involved
during the experimental period was that in the morning hours
the weathsr was clear, sunny and hot whersas from 1,100 hours
onward on that day there was an overcast and cloudy sky with
the weather beginning to cool down by gentle breesze. Toward the
gvening around 1800 hours there were rains, thundershowers and
lightning lasting for one and half hours., Soon after, spawning
occurred and the femals broodsr was found to have lost 75 gm of
its body weight of which nearly 90% is estimated to be ths
weight of the eggs and the rest forming the fascal and other
waste products. The individual egg varies in size from 1.16 to

1.34 mm prior to fertilization and 2.5=3.5 mm in diameter when



PLATE -~ XVII

(a) Showing an overall view of the Mawpun Fish
Farm where the Induced Bresding sxpsriment

on Labeo rohita was conducted.

(b) A Breeding Pond and a Breeding Hapa with a
nullah feeding ths pond.



PLATE XVII




PLATE = XVIII

(a) A breeding hapa whsre the induced breeders of
Rohu, Labeo rohita werse kept and also showing
the creation of an artificial current by ths
using of a bamboo pipe leading into the bresding
Pond.

(b) A hand centrifuge used for sxtracting the pitui-
tary hormone from the pituitary gland.

(c) A hand centrifuge at work.



PLATE XVIII




154

fully swollen after fertilization. The total number of eqggs
spawned by the fish was sstimated to be a total of 10 mugs at
the rate of 150 eqgs/cup and 10 cups/mug (150 X 10 X 10). Out
of thess the number of fertilizsed eggs were sstimated to be
5,250, The fertilization worked out to be 35% and was visually
estimated by counts of 500 eggs randomly sslected from the dif-
farent mug samples. Among thsse fertilized eggs a total of only
1,048 hatchlings and spawns wers harvested indicative of a hat-

ching rate of 20%.

The second sat of the Induced brseding experiment was con=-
ducted during the same period with the fPamale weighing 460 gm
and males 430 and 375 gm (Table=XXIX). Spawning took place during
the night at the temperature range between 26 to 28°C. The loss
in weight dus to spawning was 100 gm and the estimated number
of eqgs wsre 18,000 ranging in size betwssn 3.5~4.0 mm. It has
been calculated that the fertilization was only 8-10% with the
total numbser of fertilizsed eggs varying between 1,440-1,880,
Subsequently, though there was some evidence of hatching, all
the spawn died probably at the yolksac stags itself, since no

hatechling could be harvested.

B. Hatching sexperiments.
Incubation and hatching of the Rohu, Labeo rohita (Hamilton)
in Nylon Hapas ¢

It was sesn from the Table=xXIX that thse percentags of
hatching of eggs in both thess expsrimsnts was very poor with
only 20% in the first and nil in ths sscond set 6f expsriments.

The range of tempsrature during the hatching period was 18.5 to



PLATE - XIX

(a) Showing a brooder of Rohu, Labod rdhita bsing

injected with the Pituitary hormonoce.

(b) Fertilized eggs of Rohu, Labso rchita.

(c) Fertilized sggs of Rohu, Labeo rohita
(magnified).
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TABLE XXIX : Showing the induced breeding expsriment on ths
Rohu, Labed rohita at Mawpun Fish Farm, Megha-
laya on thse 24th july, 1979.
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Experi- Temperature Weight of the rsces~ Weight Dosage of Pitui-
ment Air Water dipient fish before of the tary gland admi-

Nos and °C °C spawning fish nistered
Time Female Male after Famals Male
(gm. ) (gm.)  spawning (ng/kg)  (mg/kg)
Female
e e e e et e s e e m e e rarm e e e AT
EXPT.I 29 28 450 440 375 4 -
12430
p.M.
6,00 23 26 - 500 - 8 -
P.M.
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EXPT.II
12.30 - - 460 430 360 4 -
PeMe
6.00 - - - 375 - 8 4
p.M.

Experi- Time of Nos. of Ferti- Expscted Percentage Nos. of

ment’ spawning eggs lizat- Nos., of of hatch- hatch=
No. and (hr. spawnsd ion fertili- ing (%) ing
Time (%) zed eggs

EXPT, I
12,30 11.30 PM 15,000 35 5,2%0 20 1,048
P.M.

EXPT.II

12.30 11.30 PM 18,000 8«10 1,440-1,800 Nil Nil
P.M.

S U U UL i D S N A0l S B D G G G E St T SN S S S D 0 Ge S Bt B (et SN ARG GG I SN N SRS STU GrG O SN OE) G SND BN SRR U Geb CuS BF W Tud B D SED H) P TR SR el SO0 DGR St Su6 ey



TABLE XXX 3 Showing the Physico-~chemical factors analysed
during the induced breseding experiment of Rohu
{Labeo rohita) at lMawpun Fish Farm.

S 938 ) T WS W BT Bed e 3 9T YRS R SED g S B W TF P R S W E D T e PV S Sl By SRt X T A T 2 B GNP U Tu Hag R34 SRS RED £u0 S5 e Sun K B B e B S RO T £ G060 S0 BTG DS By

Dats, Temperaturs Oxygen Carbon Alkal-
Month & Time y o pH  {mg/1) 1iof?j3 %ni;y) Remarks
Year. ir vator mg/1l mg/1l
ec)  °c) ? °

g ) g S Bup Ghg B} Bxp Nt S S AL S Sull Sum) PG G S Sy Gul S0 Tum R Sod) BRI o R B0 SR By S Rl S SO G=N G Su) Su GED B Suep S S G ﬂﬂ‘---ﬂ--.“.-—---_---
10.00 Before

23.747% AL, 28.5 29.0 6.0 12.0 2.0 24,0 spawning
09.30 During

247,79 Am. 29.0 28,0 6.2 11.6 2.0 24,0 spawning
06.00

n ¢ - - ) - -

p.M. 23.0 26.0

25.7.79 10-00 20,0 18.5 6.4 11.6 2.0 20.0 gg:$§ing
26.7.79 1207 25,0 26.0 6.1 12.4 2.0  20.0 uring
27.7.79 1009 26,0 27.5 6.3 10.8 2.0 22.0 "
28,7.79 1900 99 5 27,0 6.4 11.2 2.0 20.0 "
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26.5°C, Further, there wers rains before and during the transfear
of sggs into the hatching hapa and also during the incubation
period. The incubation period took approximately betwsen 24=40

hours at the msan temperature range of 18.5=26.5°C.

C. Rearing experiments.

(i) Rearing of spawn to early Fry of the Rohu, Labeo rchita
(Hamilton) in Nylon Hapas @

With the available spawn thus harvested the rearing expe-

riments on Labeo rohita were conducted. Thess experiments wers

commencaed in ths month of August 1979, in a nylon net hapa of
2 X1 X1 mplaced within in a well managed nursery pond and
extended for a duration of 30 days with the feeding regimes as
reportaed earlier (Table=XXXI). A total of 1,048 spawn of Labeo
rohita of sizes ranging between 6.5=8.,5 mm in length and 6,0~
9.0 mg in weight were rsarsd. At the end of thse rearing period
603 early fry ranging in size from 10.0-15.0 mm of 300-600 mg
wers harvested. The survival rate was computed to be 57.7% and
the loss dus to mortality was 445 with a loss of 42.3%.

(ii) Rearing of early Fry to varly Fingerlings of the Rohu,
Labeo rohita (Hamilton) in Nursery Pond :

From the harvested early frys of Labso rohita further
rearing was continued in order to agsess their viability at
this colder hill region. Soc in the month of September 1979, thse
rearing of early fry was started in a managsd Katcha nurssry
pond of 0.01 ha size for a duration of 90 days with feeding
every alternate day (1:1 ratio of rice bran and mustard oil

caka) and manuring with cowdung. The physicochemical variablss
were also measured at weskly intervals and data computed month-

wise and presented (Table= XXXII).



PLATE = XX

(a) Showing Nylon Hapas in a pond, using for the
rearing of spawn to sarly fry stage of Rohu,
Labeo rohita at Mawpun Fish Farm.

(b) A hatching hapa in a Stocking Pond used for
the incubation of the uggsoof Rohu, Labgo
rchita at Mawpun Fish Farm.



PLATE XX

b



F1G. 15

Graph showing the total length and weight of

different size groups of Rohu, Labso rohita

(Ham.) fry at Mawpun Fish Farm.
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In this rearing experiment 600 early fry of Rohu, Labao
rohita ranging betwsan 1.0«1.5 cm in length and 0.3 to 0.6 gm
in weight were stocked in a 0.01 ha pond (Table=XXXII ). During
this period of rearing from this initial size, the early fry
had grown to fry and sarly fingerling stages rsaching the size
of 2.0=6.0 cm long and weighing 1.2=4.5 gm. Out of the 600
numbers stockad, 387 were finally harvested indicating a sur=-
vival rate of 64.5%. The mortality rate with an actual loss

of 213 number of fry worked out to 35.5%.

(ii1) Physico-chemical factors :-

Temperaturag 2

The temperature recorded in this pond from Octobesr to Dec=-
gmber, 1979 rangsd bstwesn 19~23°C., The trend of tempsraturs
fluctuation showsed that from November thers was a steady drop in
the water temperaturs till a minimum wasrecorded in Decembsr at
19°C (Fig. 16).

pH ¢

The pH was always in the acidic rangs and varied betwsesen
the minimum of 6.0 recorded in October to the maximum of 6,3 in

November with a drop to 6.2 in Decsember (Fige. 16).

Conductivity

The conductivity value recorded during the three months
pariod of the present grouwth expsriment ranged betwsen 9,45«
12.60 umhos/cme The lowest value were observed in November while
the highest value was in December. During October the value

recorded was 10450 umhos/cm (Fig. 16).

Digsolved Oxygsn @

The amount of dissolved oxygen varied bstwesn 7.4 to 9,0

mg/l durinq the thres months study period (Table=XXXIV). As sesn



FIG. 16

Graph showing the fluctuation of the physico~
chemical factors (alkalinity, free carbon-dioxide,
dissolved oxygen, conductivity, pH, water and air
temperature) during the induced breeding experi-
ments of Rohu, Labeo rohita (Ham.) at Mawpun Fish

Farmo
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TABLE XXXI: Showing the rearing experiment of Spawn to early Ffry
of Rohu, Labeo rohita (Ham.) in Nylon Hapa at NMawpun
Fish Farm during August to September, 1979.

Total 1Initial size rangs Total Final size rangs Sur~ Mortality

Nos. Length Weight Nos. Length Weight vival Nos. %
of (mm. ) {mg.) of Fry (mm.) (mg.) %
Spawn hapr=
stoc= ves-
ked in ted
Aug.79 Sep.
79

N SE G P T s ST S g Sl G U ST Seeh AR A Su) P S W B P SR PR Gl S Gng v L S R Snd Gy SN Gl GU T A0 R THR G B S Wt TAD ST GUR SN GAF SSB SRR SuT BB Al N Sul Gat SED P S N Sout n SaR s S

1040 6.5-8,5 6,0-9,0 603 10,0~15.0 300,0-600.0 57.F 437 42,3
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TABLE XXXII ¢ Showing the rsaring experiment of Fry to Fingerling
of Rohu, Labso rohita (Ham.) in a Nursery Pond at
Mawpun Fish Farm during September to Dscembsr 1979.

g S O G S P g B D D B G T S Gmp O T G St Bt B D e S T ST 5D ug S S IO D TR PUS PR G0 B O e Gt G G S ALB S Bt S B S SED BED G B G SID KD Iy SR b AP IND S S O BN A

Total 1Initial size range Total Final size range Sur~ Mortality

: o
N$§;°f Length Weight "O% Length  Weight Viyal Nos. 7
ston- (mm.) (mg.) Fing- (mm. ) (mg.) /
kad erling
(sep. harv-
79) ested
BC
79)

600 100"1‘5 003"006 387 2.0"690 102"405 64.5 213 35.5
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TABLE XXXIIIsShowing the Monthly Sampling of Rohu, Labeo rohita
(Ham.) fry at Mawpun fish Parm during October to
Decembsr, 1979,

N R D D P 120 B LR Y U SN SO A D G nl B 6 TS B TR SU RS S WD 66 & 7 Sugl D G SN 9 W Sy SR S SO (N Mg BuP WY A3 GAF €9 SUD G M W) SAF G S SN GND Mup Sut DD BN SN U VD G

Month and Ysar Total length of diff= Total weight of diff- .
erent size groups (ci.) erent size groups (gm.’}

e Y SIS T GEE U0 G TP TR AN SN} AN) TR M et GUD Syl D A BN PAD AmE B ST0 Gu G GE) B W ©o6 Pun S Aub Mg DN} ST Gl DUD GIF G Sap SEN N WA Baj GUD W B A G D GG ST LD D GHN S A G SNBSS GRS BN

1.2 0.4
146 0.8
October, 1979 2.0 1.5
2.4 2.0
145 045
1.8 1.0
November, 1979 2.5 2.0
3.0 2.5
4,0 3.0
2.0 1¢2
2.2 "1.8
December, 1979 3.0 2.0
4.5 3.5
6.0 445

TABLE XXXIV:Showing ths analysis of the physico=chemical factars
of the Pond water during the rsaring expsriment of
Fry of Labeg rohita (Ham.) at Mawpun fish farm.

A S G WP A S B Gut Gt ) W B SR T E PO S O R Y P GRS VS S 5 D T b Sat ) Gy T P BD W) TP S D gy I o SIS PP QR0 SN BAD D P} GuD Gy SNR S SmD GNP OV GAN Gud TE AD SNS

Month Time Temperature pH Conduc~ Oxygen Carbon Alkalin-

and (P.M.) tivity (mg/1) Dioxide ity
A
Year. %E waEgr (umho/ (mg/1)  (mg/1)
cm}
ocT.
1979 10445 19 23 6,0 10,50 744 5.0 33,0
NOV.
1975 10.30 22 23 6.3 9,45 7.6 640 29,0
Tome 1036 2005 19 6.2 12460 9.0 5.0 34,0

.
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in Fig. 16, the maximum was recorded in December and the mihimum

in October, while in Novembsr it values was 7.6 mg/l (Fig.16).

Free Carbondioxide :
The free Carbondioxide was sean to bs present throughout

the period of study and ranged betwsen 5.0 to 6.0 mg/l with

minor fluctuation (Fig. 16).

Total Alkalinity :
The total alkalinity recorded ranged betwesen 2%.0 to 34,0

mg/l with the maximum value observed in December and the lowsst
in Novembser (Figa. 16). In October the value was 33 mg/l but
dropped in Jovember to again finally rise in Decembsr with 34,0
mg/l.

DI SCUSSION

So far, the tresnd of development of the State Figheries in
Meghalaya hinges sntirely on the production and supply of seeds
by controlled bresding experiments of the exotic Common Carp
without any attempt to try the rich indigenous varieties of major
carps which may bs suitable for at lsast the lowsr altitudes and
the plains of this Hilly State. However, befors such introduction
of major carps and cultural practices are taksen up two basic
questions need to be answered which are the suitability of the
environment and ths production of sesds. It is in this context,
experiments on the induced breseding, hatching and rearing of one

of the most favoured Indian major carps Labeo rohita was under-

taken as one of the aspects of the present thesis. Since this

experiment was of a preliminary naturs, only limited results

were achisved, that are pressnted and discussed below.
Davelopment of the method of induced breeding of Indian

major carps like Catla catla, Labed rohita and Cirrhinus mrigala
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by hypophysation achieved for the first time in this subconti-
nent in 1957 is a great landmark in the development of fish
culture {Chaudhuri and Alikunhi, 1957). Since its first success
in the country, a great deal has been accomplished in regard to
method of collection, presservation and storage of the pituitary
materials, asssssment of variation in the gonodotropic potency
in relation to phylogenetic and sex specificity, season, prob=-
lems of dosage and of bioassay techniques (Alikunhi gt al 1960;
Das and Khan, 19623 Sundaraj and Goswami, 19663 Chaudhury,
1967, 19763 Jhingran, 1969, 1975; Chondar, 19703 Shehadsh,

1970; Tripathi and Bhimachar, 1972; Chaudhuri .and Singh, 1978)

Two sets of expesriments on induced breeding, hatching and
rearing of L. rohita were conducted for a total period of 6
months (July to December, 1979) at the Mawpun fish farm of the
Meghalaya State Fisgheries Department located at an altitude of
1,100 m and about 25 km from Shillong. While the results of
induced breeding and hatching experiments are presented in this
chapter, the data on resaring are discussed in the following
chapter. As presented in the results, the broodsrs for the in=-
duced breeding expsriments wers procured from the State Fishary
Department at Gauhati, Assam State during July 1979. The fema=
les ranged between 450«460 gm and the males of 375 to 500 gm
in weight. Rao (1978) has studied in detail the maturation of
major carps under the snvironmental conditions prevailing in
Agssam and has shown that both females and males of Rohu and
Mrigal attained maturity only in the second ysar, with two

peaks of gonodal maturation, one occuring in sarly March and
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April and the other in .Jay and June. The brooders procured for
the present experiments were ripe enough for spawning and hence
thought to be in their second ysar of growth. Howsever, although
the peak gonadal maturity of Rohu females is reported to be in
the months of flay and June in the plains of Assam {(Rao, 1978),
the present induced breeding experiments were conducted in July
in keeping with the other sarlier reports that the most favour-
able period of maturation and breeding of major carps always
shows positive correlation with the South West or North East
monsoon (Khan, 1924, 1942; Hora, 1945; Das and Dasgupta, 1945;
Chacko, 1946; Ahmed, 1948; Chacke and Kurian, 1950; Ganapati
8t al 1951; Karamchandani gt al 1957; Jhingran, 1959; Ibrahim,

19613 Qasim and Quyyum, 19623 Natarajan and Jhingran, 1963).

During the present induced breseding experiments a prseli-
minary dose of the pituitary gland at the rats of 4 mg/kg and a
final doss of 8 mg/kg body weight were administared to the fe=-
males at an interval of 6 hours, while the males received only
a single doss at the rate of 4 mg/kg coinciding with the admin-
istration of the final dosse to the femalse. It is known that in
other induced breeding centres of India the dosages to the fe-=
males were only 2-3 mg and 5-6 mg in the first and sscond admie
nistration and the males received at the rate of 2=3 mg/kg body
weight with successful results (Khan, 1978). The dosage of
pituitary gland was purposely increased in the pressnt experi-
ment fPollowing the findings of Rao (1978) who stated that sucw-
cessful spawning in the neighbouring States of Assam at Gauhati

was achisved by injecting higher doses of 3 mg and 6=9 mg/kg
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body weight to female during the firast and second injections
respectively in order to augment if any, the possible environ-

mental and physiological constraints.

The mean number of sggs relesased in the first breeding was
estimated at 15,000 and in the second experiment more number of
8ggs were obtained with 18,000, Thus the averags number of eggs
relesased by the female fish in the present experiment ranges
between 33,300 to 70,000 number/kg body weight with the egg
dimension of 2,5=4,0 mm in diameter. Comparable results on

Labeo rohita from the Gauhati fish farm in Assam where the same

brooder maturss twice a year and with an averags production of
1,543,400 eggs in the first and 1,66,900 sggs/kg body weight in
the second breeding with the egg sizes ranging between 4,0-=5,25
mm and 3,2 to 3.75 mm respectively (Rao, 1978). The relativaly
low fecundity as shown in the present expsriments needs to be
explained. When the overal differsnces of the environmental con-
ditions observed in these two centres are compared, they show
that a temperature of 30-36°C and pH of 7.4=-8.6 were recorded

at the Gauhati fish farm whersas in the present Mawpun fisgh farm
a temperaturs range at 18.5=29.0°C and a pH range betwsen 6.0=-
6.4 prevaileds In the first instance the contrasting differen=-
ces observed in the ranges of these two important variables
could definitely be offered as the causative factors to explain
the diffarences in fecundity. One another factor which could bse
attributed to the low fecundity may be that the brooders in

July have probably passed alrsady their peak, although the an-

tecedent spawning history of them are not known for csrtain.
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But it has been observed in the plains that with the prolonged
breeding, most of the ripe eggs have undergone the stage of re-
sorption, thersby limiting the further production of eggs. Thus
it is known that in Gauhati, Assam, whenever the same fish gpaw=~
ned For the second time in the month of May and June most of

the eggs of brooders in July are in a stage of resorption. Even
the relesase of small sized eggs in both the present experiments
further indicates that the esggs were already undergoing such
reductive changes. Lastly it is also felt that, the long journey,
stress and strain undsrwent by the mature brooders during tran-
sportation has brought about changes in the total numbers and

quality of sggse.

As mentioned before, since this sst of experiments was
the first of its kind on the major carps of India at this alti=-
tude, the suitability of the environment was also given due
consideration. Thus several of the physicochemical factors of

the pond water were estimated and are discussed here.

The depth of water maintained for the present study ranges
between 100 to 135 cm and breeding was successful, though Khan
(1924) advocated a depth of 4 inches to 12 inches for spawning
of Indian major carps, although Dubsy and Tuli (1961) observed
successful bresding in a wider range of depth from 6 inches to
6 feets. Of course, it 1s now generally accepted that the depth
requirement varies dependant upon the species and size of ths
parent fish, though Mrigal and Rohu ars generally known to pre=

fer to breed in shallow waters (Wishard, 1978). In this context
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it may be pointed out that Ghosh and Ghosh (1922) and Khan
(1924) found that major carps congregatse sithsr near the sntra-
nce or exit where thers is a mild current of water, which was
found responsible for stimulating the fish to spawn. A similar
facility was simulated to facilitate and enhance ths spawning
at Mawpun by diverting a nullah and fesding the water through a
bamboo pips into the breeding pond. In recent ysars, that faster
current especially during the flooding of rivers could excits
the brood fish for spawning has besn rsported (Wishard, 1978

and Rao, 1978).

It is noticed in the present study that spawning took
place at a narrow tempsrature ranges of 26-28°C which fall favo=
urably within the rangs given by differsnt workers in the past
who have suggsested the conduecive temperature reqgimes to be 22-
339C fPor spawning (Ahmed, 19483 Chacko and Kurian, 1950; Dubey
and Tuli, 1961). However, ueven when the temperaturse range was
between 24~31°C, Khan (1945) believed that temperature alone
may not initiate the process unless rain and flood are present

which induce the fish to ascend to the spawning ground.

At Mawpun fish farm, the pH of water was in the acidic
rangs of 6.0=6.4 and with low alkalinity content of 20.0-24.0
mg/l. Whila the direct effect of the two factors are not known,
these might have still interfered with fertilization since only
a low psrcentage was achisved, and it is generally known that
water close to neutral or slightly alkaline conditions, not
only éavour the inducement of spawning but also create success=

ful fertilization (Saha et al 1957), It is well known that the
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oxygen levels in the habitat are not only essential for normal
growth and mesting the physioclogical requirsements of the fish
but could also affect breesding as it is suggested that high
oxygen content of water induces the fish to sexual activity by
stimulating the pituitary activity (Khan, 1924; Mookerjes st al
19443 Singh, 1978). In this respsct the oxygsn content at ilaw-
pun fish farm was never a limiting factor with the prevailing
high valuss of 10.8 to 12.4 mg/l, evidently dus to the inflow=

ing current of watser.

In the present study it was noticed that the Carbondioxide
content in the breeding pond was always very low at 2.0 mg/l,
obviously due to the correspondingly low pH and alkalinity.
Howsver, the successful spawning observed in this situation may
still be related to the findings of Sinha gt al (1974) that
decreased levels of Carbondioxide and bicarbonates could bring
about physiological stress and in turn trigger spawning. It
must however, bs admitted that no expaerimental evidence is

available from the present studiss.

In the present seriss of experiments on the Labgo rohita

subgequent to breeding and fertilization, the eggs were transf=-
erred for incubation and hatching into the hatching hapa at a
density of approximatsly 15,000 to 18,000 eggs. It is seaen

that the mean duration for the incubation period varied between
24~40 hours at the recorded tempsrature range of 18,5=26.5°C,.
The duration of incubation observed at present along with the
temperature prsvailed at the Mawpun fish farm is much longsr as

compared to that achieved in the plains of India with 14=20
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hours at a temperature range betwsen 24=31°C (Chondar, 1970).
Further the same author confirmed that lowser the temperaturs,
longser is ths period of in:ubation as in some cases the sqggs
take even about 40 hours to hatch. It appears from the abovs
raports that the pericd of incubation is inversely proportional
to the tempsrature of the watsr, although Alikunhi gt al (1964)
found that 29°9C % 1°C is the most suitable for the hatching of

eggs in major carps for optimum resultse.

The rearing expsriments at Mawpun fish farm were conduce

ted with the spawn to early fry stage of Rohu, Labgo rohita in

a2 X1 X1 mnylon hapa fixsed in manured nursery ponds. In
the expsriment during August 1979, out of the 1,048 spawn
stocked, 603 garly fry were finally harvested with their maxi=~
mum sizes resaching betwsen 10.0=15.0 mm and 300=600 mg with
1.6 fold growth in length and 60 times in weight. The survival

rate of 57.75 was achieved with a mortality rate being 42.3%.

Comparable results of spawn rearing from other Indian
expsriments in closed and fixed nurseriss have shown that cages
made of bamboo frames and nylon hapa of 3.5 sq m arsa with a
total number of 30,000 hatchlings showed a growth of 45.6 mm,
from an initial size of 7.8 mm in 28 days (Natarajan and Saxa-
na, 1978), as compared to the present growth of spawn to sarly
fry in 30 days from 6.5=8.5 mm to a final size of 10,0-15.0 mm,
It is quits svident that the rate of growth is retarded at
this altitude and the causative factors such as low water tem-
perature, acidic pH and low alkalinity pressnted earlier in

the discussion of the rearing of Common carp may be applicabls
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to the present findings as well. Howsver, the mortality rate in
the present éxperiment was 42.3% as compared to 75% of mortality
shown hy Natarajan and Saxena (1978), thersby indicating much
lowsr rats. One of the plausible explanations for this could
only be found in the contrasting differances in gtocking rates
of the two studies. Thus, whils the present stocking rate works
out to about 50,00,000/ha the earlier report in bamboo nylon
cages is much higher with 8,50,00,000/ha (Natarajan and Saxsna,

1978).,

From the present rearing expsriments in nylon hapa it

could be inferred that the major advantages by rearing spawn

in such closed and fixed nurssries are that they are primarily
predator free in addition to the sasy maintenance and fair deg=-
res of constancy atleast in some of the physical factors which
do not normally affect such hapa since thess are covered at

the top. Nevertheless, in addition to the supplementary feed
provided, the meshes of the hapa always facilitated the entry
of phytoplankton and zooplankton that are available to the baby
fish. The other benefits of such confined rearing of gpawn ars
that the hapas ssrve to bs hygisnic since waste matter as un=-
used food or faecal matter sasily seeped down through the mes=-
hes and also the rsduction of elaborats manual labour which arse
otherwise needed in nurssry ponds. Such closed rearing also
reduces the strains and injury to the fry while netting which
could not bse avoided in opsn nursery ponds. Most of thess ben=
eficial aspects have already been disecUssed in an earlisr con=

text with the rearing of Common carp sesds.
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The rearing experiments of sarly fry to fry and sarly

fingerling stages of Labeo rohita were conducted for a period

of 90 days in a Katcha nursery pond. The data obtained on the
averags production of fry in these systems along with the pre=
vailing physicochemicel factors are presented (Table=XXXII-XXXIV).
In the rearing experiment of 1979, it is seen that from 600 carly
fry stocked in a 0,01 ha pond, 387 were finally harvested indi=-
cating a 64.5% survival rate with 3.3 times gain in length and

about 6=-fold increase in weight with a mortality rate of 35,5%.

When the rate of stocking was worked out per hsctare for
the present study, it was fPound to be 60,000/ha which form only
about 20% of the maximum of 3,00,000/ha (Rao, 1978) and 15% of
the high rats of 3,50,000/ha (Jhingran, 1978). As far as the
survival rate is concerned thas pressnt record of 64,5% matchas
well with sarlier results of 70% obtained at pond culture divi-
sion of the CIFRI (Rao, 1978) and somewhat lower than the

reported 80% of Jhingran (1978).

With regard to growth, in the present study from an ini-
tial size of 10 mm==15 mm, the final sizes ranged between 20,0~
60.0 mm for the rearing poriod of 90 days. In the report of
Hora and Pillay (1962) the initial 6.0 mm Carp fry reached a
final slze of 35 mm in 15 days periode. Similarly Rao (1978)
also reported that from an initial sizs of 20.0-30.,0 mm the
frys resached a final sizs of over 100 mm in 90 days period. It
is thus very clear that at the present altitude the growth rats
of Rohu is certainly retarded buth in terms of length and

weight increments as compared to what is obtained slssewhere in
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the plains. During the present rearing expsriments the tempera=
ture ranged betwsen 19=23°C as comparsd to the rsaring tempsra-
ture ranges of 28=37,5°C in the plains (3Jhingran, 1975, 1977).
Among other factors, it is undoubtedly these differences in two
temperaturs rangss almost by an order of magnitude which has
largely influenced the retardsd growth. As pointed out befors,
sven the pH of water in the present study which was always in
the acidic range between 6.0«6.3 could be one mors of the fac=
tors not so favourable for growth as Swingls (1957) considsrs
that while productive waters have a pH range of 6.5=9.0 values
below and above this ars unproductive and even lsthal to fish.
Along with pH, even the low alkalinity recorded in the rearing
ponds which ranges betwsen 29.0-34.0 mg/l is also attributed as
another snvironmental variable causing the slow growth of fish
as it is known that productive wataers should preferably have an
alkalinity valus above 100 mg/l (3hingran, 1977). Such correla-
tion of the growth of fish with the pH and alkalinity of the
medium have been established by most workers. In conclusion it
may be added that despite these adverse environmental conditions
coupled with low plankton production, the fry probably still
survived subsisting mainly on the supplementary fesd along

with added nutrisnts derived from manuring with cowdung though

raesulting in their retarded growth.

Thus from the foregoing account on the breseding, spawn=-
ing and rearing experiments on the Indian major Carp, Labeo
rohita at this altituds, it may be concluded that this natura=-

11y acclimated tropical species from the plains of India could
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be bred and rearsd at intermediate altitudes, though with limi-
ted success. The present consensus based on available informa=-
tion points to the fact that breeding and growth of major carps,
perhaps, cannot bs attributed to any ome single factor as a com=
bination of several abiaotic and biotic factors of the environ=-
ment is involved. The present experiments conducted only rsveal
that induced breeding and subsequent:rearing of Rohu (Labeg
rohita) are possible at the lower altitudes of these hill
regions and the snvironmental fPactors ars not totally unsuita=-
ble. With proper alkalinisation of water, enhancement of plank-
ton growth and timing of the breeding sxpsriments to synchro=
niss with the period of most favourabls temperature further
guccess i1s possible, The present studies have therefore only
highlighted the problems to be tackled in future ysars, rathaer
than offering readymade solutions. Thus comprshensive studies
are needsd in order to achieve successful results at the varied
topographical conditions sxisting in Meghalaya. The detailed
studies on ths acclimatisation of both the indigenous and
gXotic carps in different regions as well as the effect of

environmental variables on their maturation ars urgently needed.



COMPOSITE FISH CULTURE EXPERIMENTS
AT KYRDEMKULAI FISH FARM.
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IV, COMPOSITE FISH CULTURE EXPERIMENTS AT KYRDEM KULAI FISH FARM.

A. Rearing experiments.

(i) Composite rearing experiments on the four specises
of Carps (Labeo rohita, Cirrhinis mriggla, Cyprinus

carpio communig and Hypophthalmichthys molitrix) :

The Composite fish culture experiment by employing two

of the indigenous and two exotic carps was tried at Kyrdem
Kulai fish farm for a duration of one year, during February
1979 to February 1980 at a warmer altitude of 850 m. An attempt
to combine culturing more than one of these fishes was made for
better utilization of the food resources in the ponds. Thus thse
prasent polyculture experiment had the Phytoplankton feseding

Silver carp, the bsnthophagic Common carp, the column feeding

Labeo rohita and Cirrhinus mrigala feeding on detrital and semi-

decayed vegetable matter. This experiment was taken up in a
pond for which no previous record of fish culture is availabls.
However the existing data on the physicochemical and biological
factors of the pond wator appearsd to be favourable and hence
gatisfactory results were anticipated for the production and
grouwth of fish (Fig.XVII=XX)s Details of ths pond area, depth,
fish stocked, their initial size and the fesd employsd are

presented in Table=XXXW It will be seen that Rohu (Labeo rohita)

the column feeder showed the least growth rate when it grew
from an initial stocking size of 7.0-~8.5 cm and 4.0-6.,0 gm
welght to a size range of 16.0~27.0 cm and weighing 50.0-=240,0
gm in the 12 month -period. In this gpecies it was also noted
that the growth tends to increass from the month of May (40gm)
to October (190 gm) with a peak attained in September (175 gm)

showing an incrsment of 45 gm from August to September. Beyond



PLATE = XXI

(a) Showing the Stocking Ponds 1 and 2 at Kyrdem
Kulai Fish farm, the source of water used for
the composite fish culture oxperimsnt.

(b) Showing the Stocking Pond Nos. 2 and 3 at
Kyrdem Kulai Fish Farm.
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PLATE = XXII

(a) Showing ths Stocking Pond No. 3 used for ths
composite fish culture experiment at Kyrdnm
Kulai Fish Farme.

(b) showing the netting of fish from the stocking
pond at Kyrdem Kulail Fish Farm.



PLATE XXII
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this psriod the growth gradually decreased from Novembsr 1979
till February 1980. It is then clearly seen that the optimum
growth takes place only during the warmer months, from lats
April to October and thus active growth being limited to only
six months out of the twelve month experimental period. Jut of
the 200 fish stocked of this specises, 127 survived and grow

accounting for a mortality rate of 36.5%.

Cirrhinus mrigala (ilrigal) was the other indigenous Carp

which is well known for its bottom fesding habits. In this spe-
cies Prom an initial stocking size of 8.5=«9.0 cm long and 5.0=
10.0 gm weighing fish, a maximum gize of 19.0=29.,0 cm and 65,0«
305.0 gm in growth was attained in the 12 months period. The
growth shows incrsass for the month of May with a 65 gm weight
to November with 275 gm and the maximum weight of 245 gm hav=-
ing reached in October. This increment works out to a rate of
45 gm increment for a period of just 30 days, September to Oct=-
ober. Subsequently, growth was retarded in December 1979, Jan=-
uary and February 1980, In this species the period of fast
growth was spread over 8 months from late April to November.
This fish readily accepted supplementary feed and hence the
growth rate was found to be favourable in warmer monthse. Out of
the 125 numbsrs stocked in this species, 92 survived and grew

accounting for a 73.6% survival and 26.4% mortality rate.

The Common carp (Cyprinus carpic communis L.) from an ini-

tial stocking siza (6.0~8.0 cm and 5.0=10.0 gm) grew to a max-
imum size (19.5=37.0 cm in length and 150.0-=655.0 gm in weight)

in the 12 month study psriod. It was noticed that this species
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from the very first month after stocking showed increasse in
growth throughout the year with their mean weights during ths
month of July (200 gm), August (300 gm), September (415 gm),
Octobsr (500 gm) and Wovembsr (580 gm) being always on the in=
creass. Howevser, the peak growth rate was recorded during Sep~
tember (415 gm) which shows a 115 gm increment in a one month
period from the previous month of Auguste. In total 175 numbers
of the Common carp were stocked, out of which 135 survived

accounting for 77.1% survival and a rate of 22,9% mortality.

Silver carp ﬂHypoohthalmichthys molitrix) the last of the

species employed in the present composite culture experiment
gave the best results, which from an initial size (6.0=11.0 cm
and 4.,0-10.0 gm) of stocking in February 1979 the fish grew to
a considerable size (30.5-42.5 cm in length and 300.0-=715.0 gm)
during the 12 month rearing poriod. The growth of this fish was
steady throughout the ysar with an increase in weight during
April to November. The -peak growth was achisved in Septomber
(485 gm) showing a 105 gm increase from Auguste. The number
of Silver carps stocked in the pond was very low with only 40
out of the total stocking of 540. The primary food of phyto-
plankton and the nutritious supplementary fsed for this species
were always in abundance (Tabluo=XXX\[)» The total number of fish
harveste! was 31 out of the 40, which accounted for a survival
rate of 77,5% with the mortality rate at 22.5%. It may be men-
tioned that syen this mortality was mainly due to the distur-
bance during a demonstration netting in September 1979 when

the pond became too turbid followed by the death, the next day
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PLATE = XXIII

(a) The final size attained by Mrigal, Cirrhinus
mrigala during ons annual cycls.

(b) The final size attained by Rohu,; Labso rohita
during one annual cycls.




PLATE XXIII




PLATE = XXIV

(a) The final size attained by Silver Carp,
Hypophthalmichthys melitrix during ong
annual cycls,

(b) The final size attained by the Common Carp,

Cyprinus carpic communis L. during ons annual
cycle.
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PLATE ~ XXV

(a) Final weight attained by the Silver Carp,
Hypophthalmichthys melitrix during one

annual cycle at Kyrdem Kulai Fish Farme.

(b) Final wseight attained by the Common Carp,
Cyprinus carpio communid L. during one annual

cycle at Kyrdem Kulai Fish Farm.



PLATE XXV




PLATE -~ XXVI

(a) Showing one haul of fish during the final
harvest at ths Kyrdom Kulai Fish Farm.

(b) Showing another haul of fish during.the
final harvest at the Kyrdem Kulai Fish Farm.
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FIG. 17

Graph showing the growth rate and wsight of
different species of fishes, Cyprinus carpid
gommunis L., Hypophthalmichthys molitrix (Val.),
Labeo rohita (Ham.) and Cirrhinus mrigala (Ham.)
in a composite fish culturs expsriment at Kyrdem

Kulai Fish Farm.
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TABLE XXXVa:

Showing the details of the composite

fish culture at Kyrdem Kulai Fish Farm
during Fsbruary 1979 to February 1980.
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Site 4
Pond arsa

Type of Pond Katcha.
Depth :
Fish stocked :

Feed amployed: a,

LYY

: 1,000 sq me.

Kyrdem hulai Fish Farm, lleghalaya.

045 to 1.5 ma
Rohu, Mrigal,

Silver and Common Carp.

Rice bran and oil cake [1:1 ratio)

at 4% body wsight at every alter-
nate day.

b} Cowdung @ 15,000 kg,ha/yr at
weekly intervals.

TABLE XXXVb

Showing the details of the composite figh

at Kyrdem Kulai Fish Farm during February

February 1980.
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Total Initial sizse Total
Nams Nos. —...bangs NOos .
stoc~ =" harve-
ked CMe. gm. ested
(Feb. (Feb,
1979) 1980)
7.0 to 4.0
Rohu 200 tg te 127
8.5 640
8.5 5.0
Mrigal 125 to to 92
9,0 10.0
6.0 5.0
tommon 475 to to 135
arp 8.0 10.0
, 6.0 4,0
Sélzer 40 to to 31
arp 11.0 10,0

culturs
1979 to
Final size Survivality Mortality
cMe gme Nos. % Nos. %
16,0 50.0
to to 127 63.5 63 3645
27.0 240.,0
19,0 65,0
to to 92 73.6 33 26.4
29,0 305,0 ) | ; ;
19,5 150,0
to to 135 7741 40 22.9
37.0 655,0 }
30.5 300,0
to to 31 T77.5 9 22.5
42.5 715.0
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of six Silver carps that were recovered at the bank of the pond

evidently showihg symptoms of asphyxia and consequent death.

(ii) Physical factors :

Temperaturs ¢-

The temperature recorded in this pond ranged betwsen 12«
33°C as ssen in Fig. 18. It will be seen that low temperaturss
wers recorded in late December, January, February and early
March, when the temperature ranged between 12-22°C, From April
onwards till Octobsr there was a rise of water temperature bet=-
wean 24-31,5°C with a maximum in September (33°C).

Water lsvel :-

The water level measursments taken during the 12-month
period were found to be highsr in the month of June, July,
August, September and Octobsr 1979. from November onwards a
gradual decrease was observed till February 1980, Again ths low
water levels was observed during March and April 1979. The risse
in ths water level in June to October was due to heavy rainfall
during this period, and the low water level especially in Feb=-

ruary and March was dus to the dry and windy season,

(iii) Chamical factors :

B 3-

The pH of the water was always found to be in the acidic
range and varisd bstwesn 6.4-6.9. The diffsrent values are
indicated in Fige. 18. During the 12 month study the valus was
steady in February and flarch 1979 with the pH of 6.8, which
tended to drop in April and May with 6.6 and 6.5 respectivsly.

Again in June esnd July thers was a rise to 6.8 and 6.9 with a



*FIG. 18

Graph showing the fluctuations of air and water
temperaturs and pH of ths composite fish culture
pond at Kyrdem Kulai Fish Farm,
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FIG. 19

Graph showing the fluctuations of free carbon-
dioxide, (Opand total alkalinity at the compo-
site fish culturs pond at Kyrdem Kulai Fish Farm.
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degree of stability betwsen 6.6=6.7 from August 1979 to January

1980. Finally the pH drops to 6.4 in February 1980,

»

Dissolved oxvgen :=

The amount of dissolved oxygen present showed marked fluc~
tuations during the 12=-month study period, the values ranging

betwsen 7.2 to 11.2 mg/l as shown in Fig.19.

Frese Carbondioxide 2=

The values for the fres Carbondioxide in this pond estima-
ted to be present during the 12=month period are presented in
Fige19,. Throughout this psriod the fres Carbondioxide was
present in the medium with less of fluctuations ranging between
2.0-4.0 mg/1.

Total Alkalinity ¢=
As shown sarlisr the water was acidic with a pH valus

always lowser than 7.0. The amount of total alkalinity showed
very clear seasonal differences as will be seen from Fige.19.
Throughout the period of study the amount of total alkalinity
was low ranging from 12,0=28.0 mg/l, with the maximum of 28.0
obssrved in February, March, July and Octobsr 1979, The low
values rescorded in February 1980 was 12.0 mg/l, 16.0 in May,
180 in June and 20 mg/l in December.

Phogphats ¢~

The inorganic phosphate content of the pond expressed‘as
PO, was shown in Fig.20. The pond water contained very low
amount of this nutrient, the maximum being only 0,08 mg/l while
the minimum was 0.028 mg/l. In February 1979, the phosphato
recorded was 0.06 mg/l and soon aftsr stocking (March) the

value dropped down to a minimum of 0.028 mg/l. Subsequently,



FIG. 20

Graph showing the fluctuations of dissoclvsd
phosphate, nitrate and silicate at the com=-
posite fish culture pond at Kyrdem Kulai
Fish Farme.
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it was noted that there was a steady rise in April, fay and
Juns. Again in July and August there was a steady drop whereas
from Scptembor 1979 to February 1980 an upward trend was noted
in the phosphate content from 0,045 to 0,080 mg/1.

Nitrate :=

The nitrate content in this experimental pond was low ran-
ging from a minimum of 0.004 mg/l to a maximum of 0.06 mg/l as
shown in Fige. 20. From February to fMay 1979, there was a stsady
rise of nitrate content from 0.04=0,065. In June 1979 it drop=-
ped to 0.015, when again in July, August and September thers
was an abrupt drop ranging from 0.004 to 0,006 mg/l. In October
1979 to February 1980 a riss was again noticed with 0,04, 0,045
and 0.035 mg/1l.,

Silicate :~

The silicate content was high ranging betwsnn 2.4=3.6 mg/1
as shown in Fige 20. The fluctuations were not much as there
was an increasing trend all throughout, except a slight drop in
May 1979 to 2.7 mg/l, in Octobsr to 2.5 mg/l and in February
1980 to 2.4 mg/l.

{iv) Biolngical factors :-
Phyboplankton ¢ (Table=XXXVI and Fig. 21) :=

Euglenophycsase :
The group was represented by two common flagellates,

Eugqlena and Phacug species. This algae was found to present
from February to July 1979 and October to December 1979 till
February 1980 and was afbsent in August and September 1979. The

maximum occurrence of this group was seen in the month of Jan=-

uary and February.1980, %though the number were more in the



175

latter than inthe former, the percentage differences was about
2% increase in the former. In February 1979 though the cell
counts wers the maximum recordsed for the period of investiga-
tion being nearly 75-200 cells more than in January and February
1980, Yet these relative abundance in terms of total plankton
was very negligible. Similarly, though the minimum count was
seen in July, yst the relative percentage of abundancse was

observed in ths month of May,

Chlorophyceas :

The group of organisms represented among the Chlorophyceae

are Pediastrum, Anthrodesmus, Staurastrum, Coslaatrum, Scenede g=

mus, Dictyosphasrium, Closterium, Cosmarium, Hormidium, Penium,

Pleuroctasnium, Spirogyra, Ankistrodesmus. This group ranged

from 36.04% to 95.61% of the total plankton throughout the
study period. In this group, both the actual counts and their
relative psrcentage did tally at least for the minimum and max=
imum recorded. The maximum was observed during the months of
February with 31,440 cells/litre of 95.61% and the minimum in
January with 1,000 cells/litre and 36.04%. A steady rise was
noticed in March, April and May which then dropped in June and
again rigse in July, August and September. From October onwards
there waes a steady decline in the population till January and
again in February 1980, a trend of incresase was observed.

Chrvsgphzceae :

The Chrysrphyreae are represented by Dindbryon and Chryso=-
coccus species. This group was found to?ﬁresent during March to

July and from Octouer to Fgbruary of 1979 and 1980, but absent
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in February 1979 and in the months of August and September of
1980, The minimum number recorded was sean in the months of June
with 15 cells/litre and 0.55%, whereas ths maximum rslative
abundance was obserwved in January of nearly 16.04%. However, in
April the maximum number of cell counts was recorded heing more
than nearly 500 cells more than January 1980, though the rela-
tive abundance was nearly 4% less in the former. A rise in num=
ber was noticed from March to April but bsgan to drop from May
to July, when it completsly disappeared in August and September.
From Octobser, a steady rise was observed till it reached a peak

in January and a small drop in February 1980,

Bacillariophvyceas

Navicula, Nitzchia and Asterionslla were among the Bacill=

ariophyceas encountered in the collection of the plankton sam=-
ples. This group was seen to be absent in March and October.
From April onwards a stesady rise was noticed until a peak was
reached in July with 500 cells/litre and a percentags of 14~=38%
being the maximum. A drop in numbers was noticed in August and
September when it completely disappeared in Uctober, to be
recordsed again in November which continued to show a steady

rise till the month of February.

Cyvanophyceas @

The group Cyanophyceas were rspresented by Anabasna sp.

and Oscillatoria spe This group was the least abundant of all

the phytoplankton groups recorded and were found only in the
months of May, June, July and August. The maximum relativs

occurrence Was seen in June with a percentage of 3.62%, whereas
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in the month of May the number of occurrence was with nearly

60 cells/litre more, but the percentags abundance was only 2.27%
The minimum number was recorded in the month of Auqust with 15
cells/litre and thereafter completely disappeared throughout

the rest of the period of investigation.

Zooplankton :~(Table XXXVI and Fig. 21):-

Protozoa

The Protozoa encountered in the plankton sample are

Diffugia sp, Arcella sp, Paramasgcium sp. The maximum number

recorded as a group was seen in the month of September, though
the maximum relative abundance in percentage was seen in Aug-
uste. The least occurrence was observed in February 1979 with
185 cells/litre and 0.56% relative abundance. From the month of
March onwards a rise was observed till it reached the peak in

September. Thersafter it fell steadily till February 1980.

Rotifera

The Rotifera was represented by Keratella and Lecane spec=
ieg. This group was found to be present throughout the period
of investigation with the maximum number recorded in the month
of April, though the maximum relative percentage was observed
in March. From the month of May onwards till Ffebruary 1980, a
trend in the decrease of number though observed was not steady
but had significant fluctuations of rise and fall. In February

1979 till April 1979 it was a steady increase,

Cladocaera @

Chydorus spe. and Bosmina longirostris were the Cladoceran
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encountered in the plankton samples. Like Rotifsra, the Clado-
cera also showed the sams pattern of differences betwseen the
maximum number of #&bundance and the maximum relative percentage
throughout the period of investigation. It was seen that the
maximum number was recorded in the month of April with 160
cells/litre followed by lovember with 150 cells/litre; whereas
the maximum relative percentagse of abundancs was observed in
July with 3.75% for only 130 cells/litre. Similarly, the minimum
number recorded was 25 cells/litre of 0.67% in February 1980,
though the minimum relative percentage was noticed only in
February 1979 with 45 cells/litre of 0.14%. From February 1979
till April there was a steady rise in numbers but tended to
drop during flay and June with again a rise in July and further
drop in August. From September till Novembser there was a steady
increase in the numbers which fall for the subsequents of

investigations.,

Copepoda :

The Copepods encountered in the plankton samples were the

Cyclops, Diaptomuys and Nauplius. This group was found to present

throughout the pseriod of investigation with the minimum recorded
in February 1979 with 12 Cells/litre of 0.03% and the maximum
number of 240 cells/litre was observed in June with 5.43% for
only 150 cells/litre. From the minimum in February 1979, a log-
rithmic rise in numbers was observed till April which fell

drastically in flay to again rise sgsignificantly in June and a
small decrsass in July. From August a similar rise was sesn till

October, which fell thereafter steadily in the remaining months.



FIG. 21

Graph showing the relative percent gbundance
of different groups of Phytoplankton and Zoo-
plankton in composits fish culture expsriment

at Kyrdam Kulai Fish Farm.
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TABLE XXXVI: Showing the groupwise seasonal abundance of different
Phytoplankton and Zooplankton in the Composite Fish
Culture Experimsnt at Kyrdem Kulai Fish Farm, Kyrdem
Kulai expresssad in numbsers psr litrs.
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Name of thes spe:

cies FEB MAR APR MAY JUN JuL AUG
TTTTTTTTTTTTTTTTT, R 5 A
800 500 100 45 100 30 -

EUGLENOPHYCEAE 5 37 15.87% 1.30% 0.64% 3.62% 0.86% -

‘ 31440 1760 5280 5600 1200 1500 2200
CHLOROPHYCEAE 95619 55.87% 69.06% 79.42% 43.48% 43.16% 55.94%

CHRYSOPRYCEAE D 120708 12,568 1.92%  0.35% O.06% -
SACILLARLOPHYCEAE 32050 T 51000 52400 10.07% 140308 6363
CYANUPHYCEAE - - 2339% ;?22% 1??0% 0258%
PROTOZ0A 02567 9.53% B.17% 9.30% 28.26% 30.22% $0.51%
ROTIFERR 0?24% 2?29% 12?3% 1.33% 1?31% 2?90% 1??4%
CLADOCERA o??a% 2?24% 2388% 1?28% 2??5% ;?gs% 2?34%
COPEPODA D.D%g% 0?39% 3??2% 0.%3% ;?23% ;j$6% 2323%
Name of the species SEP  OCT  NBU  DEC . JAN  FEB
S T TR N - B S A
EUGLENORHYCEAE - e 7908 17.97% 21-62% 19, 49

5100 4850 3200 1300 1000 2000

CALOROPHYCEAE  75,03% 75.43% 63.12% 41.53% 36,04% 53.76%
CHRYSOPHYCEAE D 1l6s 2036% 9.58% 16.04% 941
BACILLARIOPHYCERE [lgpy 20848 SiTSE T21% 941
PROTOZOA 2116% 15.55% 15605 15.97% 12,615 5.30%
ROTIFERA 0?32% 3?55% 1?38% 1.gg% 1.gg% 1.gg%
CLADOCERA 19355 10755 2967 3.52% 1.90% 0.42%
COPEPODA 180 235 200 130 80 30

2¢55% 3.65% 3.,95% 4.15% 2.88% 0.81%
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DISCUSSION

Composite fish culture in India is an ags old and popular
practice in which one or more of the major Indian Carps and
sometime even other indigenous species are reared together in
one and the same pond (Alikunhi, 1977; Hora and Pillay, 1962).
Traditionally these fish cultural practices wers mostly confin=
ged to the sastern Indian Statss of Bengal, Orissa and Bihar.

In North Eastern Region of India the conventional method used
to be to gtock the ponds with locally available spscies of fish
fry without adopting any rational and scientific management and
ag such the production obtained remained very low, somewhsrs in
a range of 600 kg/ha/yr on an average (Sukumaran, 1978). In
China too, the technique is widely practised (Lin, 1954) where
the production ranging from 3,863 to 4,815 kg/ha/yr were recor=-
ded by a practice of multispecies culture using S$Silver Carp

(Hypophthalmichthys molitrix), Grass Carp (Ctenopharyngodon

idella), Black Garp (Mylopharyngodon piceus) and Mud Carp

(Cirrhina moliterella). Of late fish culturists throughout the

world increasingly recognise the importancs of this technigue
Por maximising fish productiocn, The guiding principles for such
studies have beaen proper species selection, species combination,
ecological management, stock manipulation, artificial feeding
and pond fertilization (Chimits, 1961; Ling, 1961; Rabanal,1968;

Swingle, 19683 Yashouv, 1968, 1969).

Introduction of Silver Earp and Grass Larp into India
(Alikunhi and Sukumaran, 1964) and the first success in indu=~

cing them to breed in captivity (Alikunhi gt al 1963) along
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with the then alrsady established breeding technique .on Indian
major carps (Chaudhuri and Alikunhi 1957) assured the supply of
quality fish seed, which paved the way for multispecies culturs

and 1s termed herein as composite fish culture.

In our country expseriments conducted from 196164 with the

surface feeder Catla catla, the column feeder Labeo rohita, the

Benthic feeders Cirrhinus mrigala and Cyprinus carpic communis

L.y predominating phytoplankton feeding Chinese €arp, Hypophth=

almichthys molitrix and the macrovegetation fesder (Ctenopharyn-

godon idella in varying combinations and ratios yielded a high

production botween 1,000-4,900 kg/ha/yr (Alikunhi at al 1971).
During 1965~68, by composite fish culture using Indian major
Carps and Chiness farps the above results wers confirmed by
obtaining a production rats of 2,229-4,210 kg/ha/yr in Cuttack,
Orissa State (Lakshmanan gt al 1971), whereas by exotic carp
alone the production rangsd from 2,896=3,281 kg/ha/yr (Singh
ct al 1972), Subsequently with still bstter management techni=-
que a consistently high production of 9,397 kg/ha/yr was achio=~
ved with more than a six spscies combination at Cuttack substa=

tion of CIFRI, India (Chaudhuri gt al 1974).

For mixed farming in India, the combination ratio of Catla
4:Rohu 3:Mrigal 3 has been gsnerally accspted as the most
advantageous, though empirical. While assuring scientific fish
farming practices, Alikunhi (1957), suggested a tentative ratio
of 3:3:4 and remarksd that the fish farmers could use thsir

discretion in choosing different combinations and densitises of
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fry to experiment upon and gain experience. Both in India and
China (Lin, 1954) the widely cultivated carps are known to have
more or less distinct feeding habits. Howevsr, a combination of
fishes from thesss twe countriss brings together species which
compete to some extent the same type of food. The competition
is more pronounced between Mrigal and the Common €arp and bet=
ween Catla and Silver €arp (Alikunhi and Sukumaran, 1964; Suku-
maran gt al 19683 Natarajan, 1980). In this context it may be
pointed out that the results of ths prosent experiment too
appear to suggest that the competition betwsen the former tuwo
species are rather acuts adversely affecting the growth of

Ce mrigala, the lattor of the two species. Howsver, data on the
present composite culture suggest that thes relative proportions
of growth was recorded to be the highest in Silver Carp follow~
ed by Common Larp, then Mrigal and lastly Rohu in that order of
magnitude. The interspecific competition among the four epecies
was met to a great extent by supplsmentary feeding and manuring

with cowdung.

The faitly high percentags of survival obtained in all
gpecies except Rohu, seems to suggest that survival was indep=-
endent of stocking densities adopted in the present study.
Further, it also reflects the favourable physicochemical milsu
of the pond for fish growth. Apart from these, the main and
perhaps the only factor governing survival of propsrly transp=-
lanted and healthy seeds is freedom from predation as strsssad
by Soong and Mingkong (1951)+ Such was also the case as con-

firmed in the presaent expsritent by a very high survival
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percentage of 77.5% in Silver carp, 77.1% in Common carp, 73.6%
in Mrigal and 63.5% in Rohu, originally stocked as sarly sized
fingerlings which grsw in the absence or predators and under
favourable scological conditionse. However, even ths mortality
reported in the results was unusual, caused by disturbance in
the system by intensive netting for demonstration in September
1979 when the water bscome too muddy and turbide As a result
saveral fishes were found dead the next day (21 Rohu, 11 Mrigal,
18 Common carp and 6 Silver carp), clearly showing symptoms of
Asphyxia and consequent death. The turbidity dus to silt and

mud ars considersd to be harmful and usually cause dsath of both
fish and fish food organisms (Hora and Pillay, 1962). The depth
of water in the fish pond is most important since the psnetra=-
tion of light to the bottom contributes in a large measurs to
the productivity of the system. In temperats regions it had

been shown that a water level below 3=4 m and in tropical
regions below 1.5-2,0 m favours maximum light ponetration and
influence biological productivity. In Indonesia, Carp ponds

with a maximum depth of 0.3 m is considersed suitablo for healthy
growths In gensral, fish ponds should not be too shallow as
extremsly high temperature could also adverssely affact produc=-
tivity and may lead to loss of fishe. During the present study
the watsr lsvels at the axperimental pond in the month of Febe~
ruary, March and early April were fairly low upto a mean depth
of 0.75 m, While it is not possible to exactly correlate this
factor to growth of fish, probably the slow growth rate of Rohu

and Mrigal in this pond could be relatsd to this low water

level among other influencing factors. Furthesr, this low levsl
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with virtually no extended water column might have limited the
foraging propsnsities of Rohu which is a wsll known column

feedsr.

It is a wsll known fact that the temperature of the water
influences the metabolic processes of the various organisms
living therein. Most activitiss of living organisms particularly
the poikilotherms like fish slow down the drop in temperaturs.
Even surythermal species of fisgh like the carps stop feeding at
about 10°C and bscome torpid at about 5°C (Hickling, 1971).
During the present expsriment the tempesrature of thse pond water
ranged between 12.8-33,.0°C but in January, February and March a
fairly low temperature range of 12=14°C prevailed. During this
period increment of Rohu and Mrigal was recorded to be very louw
and increase in length and weight was almost nil., That the tem=
perature range affect the rate of growth of indigenous carp had
already been confirmed by Alikunhi (1966) and Jhingran (1974),
whére it was reported that Indian major carps thrive well in
temperature ranging from 18=37.8°C, while temperature below 16°
and above 40° are limiting to their growth, On the other hand,
Pingerlings of Silver carp and Common carp exhibited satisface-
tory growth sven during these coldsr months as these species
are known to have a wide rangs of temperature tolsrance betwsen

14=40°C.,

Of the various chemical factors governing fish life in
aquatic scosystems, ths dissolved oxygen is of primary importa-
nce as all fishes as well as their food organisms depend on an

optimal level of this gas in the medium for normal respiratory
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metabolism. Oxygen content of less than 3.5 mg/l is estimated
to be lethal to Common carp in European watsrs and values below
5 mg/l are known to be critical for othesr carps and salmonids
in summer {Hora and Pillay, 1962). During the present investi-
gations dissolved oxygen content always remained high at the
experimental pond and ranged betwssn 7.2-~11.2 mg/l and hence
could not have besn a limiting factor in adversely affecting
the metabolism of the fish and other fauna. It may howsver be
said that the measurement of dissolved oxygsn content proved to
be an ussful parameter with regard to the pond fitness for fish

culturs,

It is now a common knowledge that in most of the routine
limnological studies the hydrogsn ion concentration is often
used as an index of the prevailing water conditions and thus a
pH above 7.0 shows an alkaline reaction whsrsas values belouw
which indicate an acidic mediume. The pH of water has also bsean
used as an indicator of the fertility or potential productivity.
Swingls (1957) considers that most productive waters in terms
of figh growth are those with a pH ranging from 6.5-9.0 whereas
values bslow 4 and above 11 are critical for fish lifs, At
Kyrdem Kulai fish farm in the presant study sven after treatment
by the addition of lime at the rate of 1,000 kg/ha, the pH
valus still remained in the acidic range between 6.4=6.8. Thus
from a fishery point of view ths pH could be considered subope=
timal for the growth of fish as also reported by Alikunhi (1957)
that waters on acid soil are generally less productive than
that on an alkaline soil, although the sxact influence of pH on

the fish growth is not clear.
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Water receives free carbon-dioxide mostly from the decom-=
position of organic matter in varying quantities, from the atmos-
phers, or as a result of respiration of aquatic animals and
plants. Hora and Pillay (1962) suggested that normally a value
of 5 mg/l of carbon-dioxide proved lethal to fish life. Besidss
preventing the oxygenation of water it might also adversely
affect the extraction of dissolved oxygen from the water. Simi-
larly a high concentration of carbon-dioxids has also besn
obssrved to increase losses of fry and produce a number of
deformed specimens in salmonids. However, the 12 month results
presentsd for carbon-dioxide of the present pond show that the
rangs of variation never excesded 2.0~4.0 mg/l, thersby showing
that as far as this environmental factor is concernsd the pond

habitat was quite satisfactory for normal fish life.

The measursment of total alkalinity, originally used by
Schaperclaus (1933) as a measurs of productivity and productive
waters is that which titrate 2 ml to 5 ml of 1N HCL/1l or 200-
500 ppm squivalent of CaCOz. Alikunhi (1957) stated that in
highly productive wators alkalinity ought to be over 100 ppm.
For ths pond under study the alkalinity levels never went high
ana ranged between 12.0-28.0 mg/l which from a fishery point of
view is certainly low and could have much limited thsir growth
although its effsescts could have bsen indirect by slowing down
the growth of fish food organismss In this context it is
pointed out by Swingle (1967) that where soils located in areas
of moderate to heavy rainfall and where modern practice of
liming and fertilization are not adopted, such ponds fall

within the total alkalinity value squivalent to 10-50 ppm of
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CaCoB. Howsvery, a range of 4 to over 1,000 ppm has been encoun=
tered in natural bodies of Indian waters (Ramachandran, Unpub=

lished).

Nitrogen forms one of the basic attempts contributing to
fertility of ponds. It is wsll known that ponds derive the major
supply of nitrogen through the biodegradation cycle and this
elament is of extrame importancs in the maintenance and nutrient
economy resulting in a balanced aquatic life. It has been rep=
orted earlisr that the best production of plankton is obtained
when the watsr contains 4 ppm of nitrogen with 1 ppm of phos=-
phorous and 1 ppm of potassium (Hora and Pillay, 1962). As
ghown in the praesent results this nutrient was at very low
levels in the experimental pond which probably affacted ths
growth of fish, though the affects could have been largsly in-

direct by lessening the production of plankton in the system.

Unlike nitrogen and carbondioxide the phosphorus source
to an aquatic system is not usually from the atmosphere but are
released from death of organisms and through bacterial mineral=-
ization which in turn helps the growth of phyto=- and zoo= biota
in the water. A concentration of 1 ppm of phosphorus is found
to be the optimum for good growth of plankton and fish ponds
having more than 0.2 ppm of phosphats are likely to bs quite
productive (Jhingran, 1975 and 1977). The low content recorded
in the present experimsntal pond almost throughout the ysar is
likely to have limited the bloom of plankton which form the
primary sourcs of fish food and therseby restricting the growth

of fish to a good extsnt,
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Among the various species used in the present composite

culture experiments fingerlings of Labsg rohita indicated a

consistently low survival and slow growth rate. On the othsr
hand the growth of Silver carp in the present experiment was on
a steady incresass throughout the period of study thereby refl-
ecting the favourabls paturs of the habitat. The nst annual
increasse in wsight of this species reported from Chima ranges
from 560-2,000 gm (Lin, 1954) at a stocking ratu of 250=400/ha
as compared to 300~715 gm recorded in the present experiment.
Further, Hickling {(1962) states that the growth of this species
in two Chinsse ponds is 337=422 gm under high population densi=~
ty of 3,700 and 3,000/ha respectively. Again in. the plains of
India at warmer latitudes, Sukumaran gt al (1969) studied the
relative growth rats of Silver cap in combination with Catla
and other indigenous and exotic carps in ponds not subject to
fertilization or feed, They found an average growth rate of 466
in gix months (range 239-~548 gm) when reared in combination
with Catla, Rohu and Common carp, 326 gm in 6 months (rangs 153~
677 gm) in combination with Catla and Grass carp and 422 gm in
6 months (range 199-987 gm) in combination with only Catla.
Similarly in anothaer set of experiments the fish registered a
net growth of 393 gm in 5 months, 2,100 gm in 17.5 months,

4,400 gm in 28 months (Natarajan gt al 1978).

The growth indicated by Labeo rohita in India under stock=

ing densities of 3,750 and 3,335/ha is 680 gm/yr as was also
recorded for Pakistan under a stocking density of 178=1,332/ha

(Rabanal, 1968). But the presaent stocking rate of 2,000/ha was
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much lower when compared with that of the Indian records though
comparable to that of the rate of stocking in Pakistan waters.
Nevertheless the growth achiesved for Rohu in this system was
indeed very low with only a mean weight of 190 gm/yr from ths
fingerling stage. It appears therefore that whils the differen=
ces in ctocking density do not ssem to affect the growth rats,
yet factors such as tempsrature, depth of water, pH and availa=

ble nutrisnts certainly limit ths growth of this species.

From the present studiss more or laess similar results wsru
also obtained for Cirrhimusmrigala, though the recorded growth
rate from the present experiments ranged betwsen 65=305 gm with
a mean value of 275 gm/yr. Although this is an improvement ovsr
that of Rohu, yet not optimal in comparison to the growth rate
of 454 gm/yr (Alikunhi, 1957) and 681 gm/yr (Ganapati and Chacko
1950) as obtained at a lower altitude in the plains of India

with warmer water tempsrature and an alkalins pH.

Jhingran (1968) and Alikunhi (1966) have summarised avail=~
able information on the growth of Common carp from different
parts of the world. The weight as obtained by this fish during
the Pirst year has also besn reportsd by Alikunhi (1966) to be
38 gm and 375 gm in Japan, 300 gm in China, 400 gm in Malaysia,

Thailand & ndonesta and 600-800 gm in USSR, 35«50 gm in Europs, 15
gm in England and 600-1,800 gm in India. Hora and Pillay (1962)
reported the rate of growth to bs as 1,000 gm in India and 350-
400 gm in China. In the present experiment, the growth ratse

obtained was 150-655 gm with a low mortality rate of 22.9%
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which compares favourably with the rest of the findings on this
gpecises, in spite of the prevailing low temperature, acidic
nature of the water and thz low nutrient content of the present

study area.

As in the case of Fish Dals farm, Shillong,the ssasocnal
fluctuation of the planktonic organism could be broadly divided

into Phytoplankton and Zooplankton.

However, unlike the Fish Dale, though all the five groups
of Phytoplankton were also present, in this system (Kyrdem Kulai
fish farm), the dominant group was Chlorophyceas. Further Chlo-
rophyceas had two peaks of abundance in contrast to the remaining
four groups of Phytoplankton obtained in the present system
which had only one psak. The interesting observalioun as can be
seen from Figs. 21, is that the two peaks of abundance in Chlero=-
phyceae was inversely related to the remaining four groups. Ths
groups Euglenophyceas and Chrysophyceae had their peaks during
winter as revealed by their presence of a peak during March and
a trend toward a peak again in next March, as they started in-
creasing in their relative abundance from November onwards. The
two groups Bacillariophyceas and Zysnophyceas had only the summsr

peak, while Chlorophyceas predominated during spring and autumn.

As in the case of Fish Dalas, so also in this system the
group Protozoa among Zooplankton dominated over the other group,
throughout the study periode. Howsver, unlike Fish Dale farm,
this dominant group Protozoa revealed only one peak of relative

abundance in mid summer, which was also observed for Copepoda,
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though much less in their relative abundance. The other group

follows more or less a similar pattern as in Fish Dalse.

If a relationship thus exists while comparing the Phytopl=-
ankton with that of the nutrients it is seen that there is a
near to positive relationship between Chlorophyceae and Phosph=
ate and Nitrate. In the other groups of Phytoplankton, though
intricats relationship mioht have existcd between the nutrients
and the remaining four groups it does not get exp}essed in the
ssasonal fluctuating trend brought into monthly phenomena. 0Ons
clear smerging fact remains that Chlorophyceas dominated in
this system bringing down the levels of Chrysophyceae and Cyano=-
phyceas, proving thersby as mentioned earlier that their latter
utilization by planktonic feedsrs with Phosphate lsvels below
0.3 mg/l could have had some relationship if any. This is con=-
firmed from the fact that this Kyrdem Kulai fish farm had a

composite fish culture of carps in contrast to the Fish Dals

farm whers only monoculture of carps was done.

Among the gases it was seen that Chlorophyceae was positi-
vely and dirsctly related to only free Carbondioxide levels. It
is known that the stage of succession from blue-green to green
is a phenomenon attributed to the direct increase of the Carbon=-
dioxide levels Shapiro (1973). All other relationships probably
could have been similar to what have been discussed for the

Fish Dale farme.

While observing the relationship between the physicochemi=~

cal parameters with that of the Zooplankton fluctuation, an
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exact relationship for Fish Dale as Protozoa was seen here too,
in that Nitrate and Phosphats were inversely related., Similaply
no definite relationship was observed for the remaining groups.
The reason for Protozoa abundant as mentioned earlier could bs
dus to concentration of oxidisable organic matter in high lev=-
els (Munawar, 1970). This is corroborated by the fact that

Protozoa and the Uxygen in this system is directly related.

When the growth of fish was compared with Phytoplankton
and Zooplankton levels it is seen that Euglenophyceae did show
a dirsct relationship with most of thas group in the sense that
with their incrsasse in relative percent of abundange, simultaneo~
usly a take off in the growth rate of fishes was ohserved.
Further the Silver carp had a trend seemingly affecting the
trends of Chlorophyceae. These facts ars in concordance with
garlier reports not only but alsoc to the fact that they are
Phytoplankton feeders. There was really no emerging relation=-
ship among the Zooplankton and the growth rate of fishes. How=
ever, there does exist a relationship in the sense that except
for the Protozoa all other groups of Zooplankton were much less
than 10% indicating their prevention of abundance by predation

of Zooplankton feeders in such a composite fish culture system.
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SUMMARY,

The present investigations were focussed on the various

breeding and culturs aspects of the Common carp, Cyprinus carpio

communis L, and the Indian major Carp, Labeo rohita during the
years of 1977, 1978 and 1979 was carried out at differsnt alti=-
tudinal situations in Mgghalaya State. These experiments inclu-
ded breeding, suitability of diffsrent egg collectors, rearing
of gpawn to fry, fry to fingerlings and fingerlings to tabls
size fish along with an year round expsriment on composite fish

culturs,.

During the breeding sxperiments conducted in 1977, ths
total number of eggs wers sstimated to bs 45,000 of which 80%
were fertilized, amounting to 36,000 fertilized sggse. Ths
ambient tempsraturs during this period was 20°C. The total num=
ber of hatchlings and spawns harvested wsre 22,400, indicativs

of a hatching rats of 62,2%.

Two sets of breeding experiments wers again conducted in
1978. The first of thess showed that the fish spawnsed at 18.5°C
and gave an estimated total numbsr of 31,747 sggs. The psrcen=
tage of Pertilization was 55% with the fertilized sggs to total
about 17,460. The final number of hatchlings and spawn procursd
were 13,160 working out to a hatching ratse of 64.2%. In the
second exneriment only a small sized brooder was used, with the
percentags fertilization amounting to 75% with 16,875 numbers
of fertilized sggse. The total number of spawn harvested, how=

ever was 9,055 indicating a 53.7% hatching rats.
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In 1979, three sets of breeding expsriments were conducted
in breeding hapa and Plastic Pools, using different substrates for
egg collection, viz., the aguatic weed (Rgtalla), Coconut fibre

raft, Wooden frams with nylon flap and Aluminium wire frame nylonnst.

In the first experiment in hapa, breeding took place at the
tempsrature range of 19 to 20°C, The percentage of fertilization
was 85% with the sggs measuring 1.2=1.8 mm and 0.0018 gm in weight
forming 555 number of eggs/gm and an estimated total of 27,500
eggs. The fertilized eggs amounted to 23,375, The total spawn

collected were 17,875 indicating 76.4% hatching rate.

The most sfficient of the egg collectors, proved to be the
Coconut fibre raft with the maximum attachment rate of 50% compa-
red to Rotalla (25%), Wooden frame nylon flap (15%) and Aluminium
wire frame nylon net with 10%. This implies that the Coconut fibre
raft was five times mors efficient than the Aluminium wire frame
nylon net, 3.5 times than the Woodsn frame nylon flap and twice
efficient than the aquatic weed. The percentage attachment of
fertilized eqg ranged between 855% in Coconut fibre raft, 90% in

Wooden frame nylon flap, 95/ in Aluminium wire frame nylon net

and 75% in Rotalla.

The second sst of experiments during 1979 conducted in thse
hapa, with the same four types of egg collectors showed that the
fish spawned at the temperature ranged of 19+20°C. The total num=
ber of esggs released with a 80 gm loss in weight of the brooder
was 36,400, With a 70% fertilization, the total number of ferti-
lized eggs was estimated to bs 25,480. The final number of hatch=
lings and spawn harvested were 15,380 working out at a hatch=

ling rate of 61.9%. In this sexperiment too the
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Coconut fibre raft showed the maximum psrcentage of egg attach=
ment with 55%, followed by Rotalla 20%, Wooden frame nylon flap
20% and Aluminium wire Prame nylon net 5% in that order. Ths
percentage of fertilized eggs attached to the differsnt sgg
collectors were 93% in Coconut fibre raft, 92% in Wooden frams
nylon flap, 96% in Aluminium wire frame nylon net and 70% in

Rota"];l‘g_o

The third series of bresding experiments during 1979 werse
conducted in a Plastic pool when the fish bred at the tempsra=-
ture rangs of 18.5=19.0°C. The percentage of fertilization was
75% with the egg size ranging betwsen 1.4~2.0 mm of 0.0024 gm
in weight amounting to 415 sggs/gm. The estimated total number
of e8ggs spawned wers 46,650 of which only 34,235 fertilized.
Thus the total number of spawn produced was 28,010 with the
hateching rate of 81.8%. The attachment of eggs in Coconut fibre
raft was 60% with 90% fertilized eqgs, in the aquatic weed
Rotalla 20% of attachment with 75% fertilization, in the Woodsn
Prame with an attachment capacity of 15% with the fertilized
eggs forming 95% and in the Aluminium wire frame nylon net att-
achment value being 5% having 98% fertilized eggs. The Coconut
fibre raft thus showed the maximum efficiency with 12 times
more than that of the Aluminium wire frame nylon net, 4 times
of the wooden frame nylon flap and 3 fold increase as compared

to the aquatic woed Rotalla rotundifolia,

Bassd on the experiments conducted during the 3=year

period, the psrcentags of hatching in the different ysars wers
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6242% in 1977, 64.2% and 53.7% in 1978 for the two experiments
and 76.4%, 61.9% and 81.8% in 1979, It has boen shown that ths
loss of most of the fertilized eggs and their hatchability were

due to a fungal infection caused by Saprolegnia which wers sesn

to bloom in the rotting weed even from the very first day of
8gg incubation and spreads to the unfertilizod eggs specially
at low temperatures. However, in 1978 in addition to the fungal
infection the low hatching was alsc attributed to rain and
hailstorm and the prevailing cold temperature (14.5 to 19.5°C)

during incubation,

In the three sets of experiments in 1979, the first showed
a hatching rate of 76.4% with low fungal infection which was
restricted mostly to ths aquatic weed. In the second series,
Saprolegnia sprsad among the unfertilized eggs attached to
Rotalla as well as to the Coconut fibre raft, although no infe-
ction occurred in the other two collectors, with an overall
hatching of 61.9%. The third experiment in Plastic pools yiel=-
ded a psrcentags hatching of 81.8% with all the difforent types

of egg collectors practically free of any fungal infections.

The rearing experiments con Common carp wers alsc carried
out for the three ysar period (1977-79) in various combinations
of habitats and feeding regimes. Further, thess expariments
relate to the rearing of the spawn to fry, fry to fingerlings

and fingsrlings to table sizs.

These rearing experiments with spawn normally sxtsnded for

a duration of 60 to 90 days, with daily observations. The first
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expesriment in 1977 conducted in a pucca nursery pond with 8,000
spawn (440=6.0 mm and 5.0-8.0 mg in weight), showed that thess
grew to fry stage of 20,0=50.,0 mm length and 3,000~8,000 mg in
weight with a fPinal harvest of 5,805 frys indicating a 72.5%
survival rate, with the mortality psrcentage of 27.5%. During
the second experiment in 1977 with 15,000 spawn the growth att-
ained was 60.0 to 90,0 mm and 8,000 to 15,000 mg in weight. The
total number of fry harvested was 9,124 giving a 60% surwival

with a mortality rate of 40%.

The first experiment-in 1978 with 10,000 spawn showed -that
they grew upto 4040 to 80.0 mm in length and 5,000 to 15,000 mg
in weight with a final number of 7,659 harvested with a survival
rate of 76.5%. The rate of mortality worked out to 23,5%. In
the second sxperiment of ths same year for a duration of 75 days
the growth obtained was from 60 to 100 mm in length and 7,500
to 18,000 mg in wsight, The total number of fry harvested were
4,460 with a survival of 55.7%. The mortality rate was 44,3%

with an estimated fry loss of 3,540 numbers.

Ons another series of spawn rsaring expariments in 1978-=79
were in a nylon hapa placed within in a well managed nursery
pond with adequate feeding. Of thsse four experiments, the
first two lastsd for 75 days and ths other two for 60 days.
1,000 gpawn wers used in each of the experiments, the spawn
sizs ranging betwesn 8.0 to 10,0 mm and 10.0 to 12.0 mg in
weight, The first two sexperiments showed that the spawn grew to

a size range of 40,0 to 80,0 mm and 3,500 to 8,000 mg in length
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and wsight with a final harvest of 724 to 752 numbers of fry
indicating 73.8% survival with a mortality of 26.2%. In the
other two sxperiments of 60 days duration the spawn grsw to the
fry size of 30 to 70 mm and 2,500 to 6,000 mge. The total numbsr
harvested ranged between 813 to 856 with the mean survival of

83.4% and 16.6% mortalitye.

For purposes of replication, four sets of rearing experi=
ments were again conducted during 1979, Of these, the first two
lasted for 75 days with the final sizs ranging from 30 to 70 mm
and 3,000 to 6,500 mg. The total number of fry harvested rangsd
betwesn 847 to 891 amounting to 86,9% survival and 13.1% of
mortality. The other two expsriments extended for 60 days whsn
the spawn grew to fry stage of 45 to 75 mm and 4,000 teo 9,000
mge. The Pinal nﬁmber of fry harvested varied from 855 to 873
with a survival rate of 86.4%., The mortality worked out to a

mean of 13.6%.

In yet another seriss of rearing expsriments aimed at the
comparative efficiencies of the fry habitat, ths Common carp
spawn were rearsed in Plastic pools during 1978 and 1979. Ths
source of water in the Plastic pools was from a pond originally
manured prior to these experiments, in addition to supplementary
feed that was provided. The two rsaring experiments in 1978
with 500 spawns lasted for 60 days. The spawn grew to fry stags
of 35 to 60 mm in length and 3,000 to 7,000 mg in weight. The
final number which survived ranged from 302 to 358 indicating

an average gain of 66% with a mortality rate of 34%, During tho
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two experiments in 1979 with the same number of 500 spawn raared
for 60 days, the growth attainment ranged from 40 to 65 mm and
3,500 to 6,000 mge. The total number of fry taken out were bet=-
wesn 393 to 417 in the two experiments giving a mean survival

of 81% and the mortality basing 19%.

The experiments on the rearing of fry to fingerling stages
of the Common carp were conducted in the Plasgtic pools of vary=-
ing sizes for a period of six months and by using different
fesd combinations. The experiments were carried out in the pre~
mises of the University campus and most of the factors wsre

kept under control in thess Plastic pools.

In Pool 1, stocked with 100 fry and fed with rice bran,
mugtard 0il cakes and cowdung showed the highsst growth from an
initial of 0,5-1.0 gm to a maximum weight range of 35.0~51,0
gme The total number of fingerlings finally harvested were B4

accounting for a survival rate of 84% with a mortality of 16%.

In Pool 2, with feed combinations of only rice bran and
mustard oil cake, the 75 fry stacked therein grew to 22.0 to
35,0 gm with an average monthly growth rate of 4.85 gm. The
final numbsr of fingerlings collected from this cxperiment was
66 accounting for a survival of 88%. The loss dus to mortality

was estimated at 12%.

In Pool 3, the 25 fry stocked, grew to 18.0=26.5 gmn with
an averags monthly growth rate of 3.5 gme. The faed comprised
only of rice bran. 20 fingerlings were finally harvested resul-

ting in 80% survival with a mortality rate of 20%,
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In Pool 4, where 25 fry were stocked, thess grsw to sizes
ranging between 25.0-~38.0 gm with the average growth rate of -
5.3 gm psr month. 18 fingerlings wers harvested ultimately
amounting to a survival rate of 72% with a mortality of 28%.

The feed in this pool comprised of mustard oil cake onlye.

The Control Pool 5, with 55 fry showed the least growth
reaching a maximum of only 9,0-12,0 gm with an averags monthly
growth rate of 1.59 gme At the close of this experiment, only
12 numbers of the fingerlings remainsd alive. The rate of sur=

vival was 22% with ths highest mortality rate of 78%.

The water temperaturs recorded in the Pools under study
revealed the overall range of 10=21°C in all of them, showing
the maximum values during September and Ogctober (20=21°C) with
a decreasing trend from November to February (18-10°C). The pH
of water remained in the alkaline range between 7.0-~8.6 in
Pool 1, 7.0=9,2 in Pool 2, 7.0«8.3 in Pool 3, 7.0-=8.8 in Pool
4 and 6.6=10,1 in Pool 5. The conductivity values of the fivs
Plastic pools ranged betwsen 58,80-63.00, 78,75-98,.70, 105,00~
168,50, 115,00-168,50 and 42.00-52,50 umhos/cm respsctively.
The amount of dissolved oxygen showed marked fluctuations with
the content ranging between B.0=12.4, 6¢4=11+6, 4.0=11.6, 4.0=

1048 and 2.0=12.8 mg/l in the five pools.

The third and final phase of the pressnt series of sxpsre
iments on the Common carp was the rearing of fingerlings to
table size as conducted in a pucca nursery pond at an altitude

of 1,550 m at ths Fish Dals farm, S5Shillong for one year during
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1977-1978. The size range of fingerlings used were betwesn 6.0=
16,0 cm and 5.0=50.0 gme As a result of this sxpsriment the
mean weight attained by these fingerlings was betwssn 65=585 gm,
with the individual maximum of 585 gm. Based on this rate of
growth ths total production worked out to 4,240 kg/ha/yr. The
monthly record maintained on growth increment showed that most
fish attained their maximum growth during ths first five months
of the rearing. This period extended from November to April
which included the months with rising temperature soon after
winter. An interesting sidelight of this experiment is the
gttainment of sexual maturity and subsequent spawning of a few
of the larger females as clearly evidenced by the presence of
nswly recruited fry of 3.0-=3.5 cm long and 0.6-=1,0 gm in weight

in the population. The significance of this had bsen discussed.

The physical and chemical factors studied for the sentire
rearing period showed that thé temperature ranged betwsen 410-
24.50C, pH 6,3=649, conductivity 33,60-66.15 umhos/cm, dissol=
ved oxygon betwseen B.4=14.0 mg/l, fres carbondioxide 2,0=6.0
mg/l, total alkalinity 2D.0-~44.0 mg/l, phosphate 0.01=0.14 mg/ly
nitrate 0.01-0,07 mg/l and the silicate contents from 0.02-0,12
mg/L.

Experiments on the predatory propensities of dragonfly

nymphs (Aeshna sp and Cordulia sp), Notonectids (Anisops sp)

and frog (Rana limnocharis) conductsd during 1977 under labora-

tory conditions yislded the following results. The first of the
five series of experiments with the -nymphs of Asshna on the

Common carp spawn of 0.5=0.6 cm lasted for 24 hours which
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showed the mean loss of 6, 6, 7y, 5 and B numbsers of spawn amou-
nting to a percentage loss of 30%, 30%, 35%, 20% and 40%
respactively. The second set of the five series with the nymphs
of Cordulia amountsd to a predatory loss of 70%, 55%, 40%, 50%
and 65%, The third sset of the five seriss of experiments using
the hemipteran bug, Anisops resulted in an averags spawn loss
of the consumed : injured to bse 9:5, 7:4, B:4, 6:3 and 6:9., The
mortality rate in terms of percentags worked out to 28%, 22%,
24%, 18% and 30% in these experiments. The fourth and the Pinal

series using the vertsebrats predator, Rana limnocharis of 1.5

cm size on the spawn of Common carp showsd the predatory pro-
pensity rate to be of 16%, 12%, 25%, 25% and 12% for this ser-

ies of emperiments.

The induced breeding and rearing experiments on one of thn
Indian major carps, Labeo rohita (Rohu) were carried out at
Mawpun fish farm about 25 km from Shillong during 1979 at an

altitude of 1,100 m.

The two seriss of the induced breseding experiments brought
about spawning of the fish at a water temperature range of 26~
28°C, The total number of eggs obtained in the first series
was 15,000 and in the second 18,000 with the psrcentage fertil=~
ization amounting to 35% and 10% respectively. The total harvest
of spawn in the first experiment was 4,048 of hatchlings while
the sescond sxperiment yielded no hatchling at alle. The incuba-
tion period took approximately 24-40 hours at the ambient

temperature of 18.5=26.5°C,



202

The rearing expsriment on Labeo rghita conducted with the

available spawn in a nylon nest hapa placed within a well mana=-
ged nursery pond lasted for a duration of 30 days. The initial
number of 1,048 spawn of size ranging from 6.5=8.,5 mm and 6.0~
9.0 mg grew to sarly fry stage attaining a length of 10.0-15,0
mm and weight of 300-~600 mg, A total of 603 fry were finally

harvested with the survival rate forming 57.7%, while the loss

of the rest of the 445 frys caused a mortality rate of 42.3%.

The subssquent rearing of the early frys continued in a
managed nursery pond for 90 days, saw their growth through the
sarly fingerling stage reaching a lsngth of 20,0 to 60.0 mm
and weighing 1,200~4,500 mg. from this part of the experiment
it was ssen that out of the 600 numbers originally stocked,
387 were finally caught indicating a survival rate of 64.5%.
The mortality of the remaining 213 frys worked out to a rate

OF 35.5%.

The composite fish culture sxpsriment tried at the warmer
altitude of 850 m at Kyrdem Kulai fish farm, Khasi Hills, Meg=
halaya for a duration of ons year 1979-1980 by employing the

Silver carp (Hypophthalmichthys molitrix), Common carp (Cyprinus

carpio communis L.), Rohu (Labgo rohita) and Mrigal (Cirrhinus

mpigala) was indeed a maiden effort in this Hill Stats.,

Of these various speciss stocked, the growth of Rohu
showed the least rate of growth from an initial size of 7.0=8,5
cm and 4,0=-6,0 gm in length and weight, to a final size of

1640-27,0 cm and weighing 50.0-~240.0 gm. Out of the 200 fish
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stocked, 127 survived accounting for a survival of 63.5% and a

mortality rate of 36.5%.

The tlrigal fingsrlings qrew from an initial size of 8.5«
9.0 cm long and 5.0-10,0 gm in weight to a maximum size range
of 19.0-29.0 cm and 65.0-305.0 gm. Out of the 125 numbers stoce
ked, 92 survived and grew resulting in a 73.6% survival and

26.4% mortality rats.

The Common carp fingerlings of initial sizs of 6.0=8.0 cm
and 5.0=10.0 gm resached a maximum size of 19.5 to 37.0 cm and
150,0«655.0 gme Of ths total 175 numbers of this speciss, 135
remained and grew resulting in a 77.1% survival and a mortality

rate of 22.9%.

The fingerlings of Silver carp showsed the best growth rate
from an initial length of 640=11.0 cm and weight of 4.,0-10,0 gm,
to a fimal size reaching 30.5=42.,5 cm in length and 300-715 gm
in weight. A total of 31 fish wers recaptured out of the initial
of 40, which accounted for a survival rate of 77.5% and a mor=

tality of 22.5%.

From the environmental factors measursed during the one
yesar duration of this experiment it was shown that the tempera=
turs ranged bstwesn 12-=33°C, pH 6.4=6.9, dissolved oxygen 7.2=
11.2 mg/l, free carbondioxide 2.0=4.0 mg/l, total alkalinity
12.0=28.0 mg/l, phosphate 0.028-0.08 mg/l, nitrate 0,004=0,06

mg/l and silicate 2.4=3.6 mg/l.
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While reléting the groups of plankton to the growth
of figh it was seen very clsarly that among the Phytoplankton
it was Euglenophyceas and among the Zooplankton it was the
Protozoa which showed positive correlation with the growth
rate of ths fish. In the present study, the Common Carp, an
omnivorous feseder has proved that it was the disturbance
created by these fishes on the sides and bottom of the pond
releasing the necessary protozoans and flagellates like

Euglena which has definitely improved their growth rats.

In composite fish culture, the Silver Carp had a trend
seemingly affecting the trends of Chlorophyceae. There was
rsally no emerging relationship among the Zooplankton and
the growth rate of fishes. Howsver, there does exist a
relationship in the sense that except for the Protozoa all
the other groups of Zooplankton were much less than 10%
indicating their prevention of abundance by predation of

Zooplankton feeders in such a composite fish culture system.

Both the abiotiec and biotic factors of the environment
in relation to the growth of the fish are discussed as to

their importance on fish productian.
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GENERAL CONCLUSION AND RECOMMENDATIONS

The present studies on various cultural aspects of ths

Common Carp, Cyprinus carpio communis L. and the Indian Major

Carp, Labeo rohita along with an esxpsriment on the composits

culture in the Hill State of Mgghalaya have yiglded certain
results. Based on these, the following conclusions oould be

drawne.

Firstly, at the altitude of Shillong (1550 m) the Common
Carp maturss within the second year at an average annual water
temperature ranging bstween 11° to 24.5°C with the fecundity
ranging from 61,052 to 90,000 eggs/kg body weight. It was seen
that during all the three ysars of study, spawning took placs
from late March till May corresponding with the rising ambient
water temperature. A second spawning was always observed in
August-September, though less intense, brooders being smaller

in size.

The favourable temperature range for spawning was found
to be from 16.5° to 20°C with ths maximqm fertilization taking
place around 19° to 20°C. The mean egg size was 1.2 to 1.8 mm
in diamster and weighing from 0,0018 to 0.0024 gm. Usually about
415 to 555 eggs were counted in a gram of spawn. The incubation
period varied from 3.5 to 7.0 days and was inversely corrslated
with the rise in temperature. The apparently longer duration of
incubation period is attributed to the shorter duration of

warmer hours in a diel cycle at Shillonge.

It was noted that the weed Rotalla rotundifiolia as an egg

collecting device always underwant rotting and decay,especially



206

when the incubation and hatching periods ars prolonged. This
favoured the development and sprsad of the fungus Saprolegnia
which first infects the unfertilized eggs and later sprsads to
fertilized sggs as well and interferes with hatching. Of ths
various egg collectors that were explained upon, the Coconut
fibre frame showed maximum efficiency with 12 times more than
of Aluminium wire frame, 4 times better than the Wooden framse

and 3 times increase as compared to Rotalla rotundifolia.

The expsriments on the rearing of spawn to fry and early
fingerling stages clearly showed that at this altitude, the
growth rate of Common Carp fry was considerably slower and
resulted in a growth which took 75 days, though the same size
could be achieved in about 15 days in the warmer plains of
India. This slow growth rate was mainly due to the prevailing
low water temperature, in addition to the water being acidiec,
with low conductivity and alkalinity with lean plankton produ=
ction. The mortality rate in the present experiments showed an
overall average of 10.9% to 27.6%, as compared to a 75% morta-

lity in the plainse.

The present experiments of rearing of fry to fingerlings
with different kinds of habitats have yieldsed the following
results. For instance, the use of nylon hapas as nurseries has
the advantagse of being predator free, hygienic, less injurious
to delicate fry maintaining a fairly constant microenvironment.
Thesse present findings once more emphasiss that such floating
nurgeries are the obvious answer to meet the demands of rear~
ing space, while simultaneously reducing the cost of production

and avoiding slaborats nursery management practices.
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One anothsr result that has emesrged from thess set of
experiments is that with the use of such artificial habitats,
frys could be reared even in the off season in these Hill Reg-
ions, since the sesd production is an important constraint in
the development of fisheries in the hill arsas. These various
experiments on hapas and plastic pools with their resultant
advantages could be summarised as:

(i) maximum space available with limited water supply;

(ii) sasy handling and hence better managements

(iii) quick control and manipulation of most of the physi-

cal, chemical and biological variables:
(iv) low percentage mortality; and
(v) possibility of better growth in shorter timse with
supplementary feeds of different composition.
The rearing of fingerlings to table size fish has yilaelded
a growth of about 440,0 to 585.0 gm amounting to a mean prod-
uction of about 4,240 kg/ha/yr. Based on this figure, the cost
of fish production worked out to Rse3.85/= per kg. This amount
is approximately one fourth of the selling price of Common Carp
at the local markests. It is thus considered that sven as a
commercial proposition, the culture of this species offers

ample potentiality.

The predatory expsriments using several invertebrate and
a vertsbrate have shown the overall predatory intensities on
100 carp spawn in terms of percentage, wsre 31%, 56% for the
dragonfly nymphs, 22.4% and 18% for notonectids and frogs res=
pectively. Ths conclusions drawn from these studies show that

at this altitudinal situation, the dragonfly nymphs are the
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most harmful to the young carp fry followed by the notonectids

and the frogs in that order of descending importance.

The trend of development of the state fisheries in [Megh=
alaya hinges entirely on the production and supply of seeds by
controlled breeding experiments of Common Carp without any
attempts to try the rich indigenous varieties of major carps
which may be suitable for at least the plains and lower alti=-
tudes of this Hilly State. It is in this context, experiments

on the induced breeding, hatching and rearing of Labeo rohita

were undertaken.

It may be concludsd from these experiments that this
naturally acclimated tropical species from the plains of India
could be bred and reared at intermediate altitudes, though with
limited success. The presently available informetion on breed-
ing and growth of major carps shows that ws cannot attribute
anyong single factors since it is controlled by a combination
of several abiotic and biotic factors of the environment. The
present sxperiments conducted, only reveal that induced brsed-

ing and subsequent rearing of Labec rohita are possible at tho

lower altitude of thess hill regions as the snvironmental face=
tors are not totally unsuitable. With proper alkalinisation of
water, enhancement of plankton growth and timing of the breed-
ing experiments to synchronise with the period of most favour=
able temperaturs, further success is possible. The present
studies have therefors, only highlighted the problems to be
tackled in the coming years, rather than offering readymads

solutions.
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The composite fish culture experiment tried for the
first time in the State of Illeghalaya at a relatively warmer
altitude of 850 m with fingerlings of Silver Carp, Common
Carp, rohu and mrigal showed that rohu had the least growth
reaching a maximum of 240.0 gm, mrigal fingerlings obtaining
a maximum of 305.0 gm, Common Carp growing to 655.0 gm and
the Silver Carp showing the best growth of 715.0 gm at ths

end of the growing period.

These different experiments discussed above have given
some baseline information on the culture potential of water
systems in the State of Meghalaya in the North-Eastorn India,
It is admitted that various constraints besst such field
oriented ressarches, particularly in countries like ours.
These studies had to be undertaken in collaboration with the
local State Fisheriss Department who offered their fiseld
facilities, Since this Dgpartment itself is in a state of
infancy, not much help could be obtained. Nevertheless, the
present studies have opened up some problem areas for further
intensive worke. It is hoped that a combination of the avail=-
able technology in the country and the few techniques svolved
in the present study will ultimately help in establishing

sound aquacultural practices in this part of our country.
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