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Preface

This Manual is aimed at providing practical guidance to carp hatchery workers
and background information on carp biology and culture which may be inaccessible
in areas lacking fisheries libraries. It was prepared as part of a Regional Technical
Assistance Project for Research and Training in Aquaculture financed by the Asian
Development Bank. It is for this reason that the Manual emphasizes conditions and
technigues relevant to the Bank’s developing member countries which are actively
engaged in carp culture, i.e., predominantly countries in South and Southeast Asia,
but the methods described are, in most cases, of wider applicability. The sources of
information presented in the Manual include the authors’ personal experiences and
knowledge, published literature and various other secondary sources, most of which
are documented in the text.

The term ‘‘hatchery’’ is considered in this Manual in its enlarged sense as a
facility for producing fish fingerlings suitable for stocking in growout ponds. Such a
hatchery is a fish farm which incorporates (1) a certain number of ponds for stock-
ing broodfish to prepare them for spawning; (2) a hatchery proper, often an indoor
facility for fish spawning, egg incubation, hatching and rearing the hatchlings to
postlarval stage; (3) a certain number of nursery ponds used for nursing postlarvae
to fry and (4) a certain number of rearing ponds used for rearing fry to fingerlings.

Aquaculture is often considered and generally described in knowledgeable
circles as a high-risk bioindustry. The high-risk element arises from chances of loss
of the crop at any stage due to disease and/or adverse weather conditions and even,
not infrequently, by poaching or large-scale theft. A factor contributing to the high-
risk element also arises from the state of scientific and technical knowledge and its
field application to individual steps that, in their totality, make aquacuiture an
industrial enterprise. By and large, carp culture so far is more an art than a science,
with packages of empirically developed practices going with the tag of one system
or the other, e.g., the Chinese system, Indonesian system, Indian system. The impact
of science has just begun to be felt, and a great deal of headway still remains to be
made to impart to aquaculture the benefit of multidisciplinary, systems-oriented
research which it urgently needs. Such a systems approach has benefitted the poultry
industry in the past, with which aquaculture is often compared. For example, hypo-
physation as a technique of breeding carps, though a big leap forward towards infu-
sion of science into aquaculture, has tended to remain on a hit-or-miss level rather
than developing into a foolproof approach to carp breeding based on cause and
effect. Similarly, the biological and chemical bases of natural food production in
fertilized ponds have still not been fully elucidated and one is left again with pack-
age of empirical practices.

There are usually several options for any aquacultural practice. No major break-
through is yet in sight that could lead to an explosion of carp production comparable
to that obtained through high-yielding varieties of certain cereal crops in the allied
field of agriculture.



That being the scientific status of aquaculture, writing a manual is beset with
decisionmaking problems. All one can do is to state alternatives and options and
their advantages and disadvantages, linking them up with geographical and topo-
graphical situations, dexterity and the sixth sense of workers, with quite a lot
depending on governmental policies and financial input. For example, the labor
intensiveness of industrial aquaculture, which most governments of developing coun-
tries are likely to emphasize, precludes the adoption of the most efficient systems
and the infusion of automation into aquaculture. After all, the economic viability of
the practices is the test through which any aquacultural system has to pass.

The definitions of various life-history stages of carps, used throughout this
Manual, are given below:

1. Ovarianeggsorova Ova contained in the ovary.

2. Eggs Fertilized or unfertilized eggs released by fish in the
breeding process.
3. Hatchling Hatched larva not eating exogenous food but carry-

ing its own yolksac and generally performing only
vertical movements. Sometimes split into early and
late or advanced hatchling stages depending on age.

4. Postlarva Larva after absorption of the yolksac, eating exoge-
nous food and swimming in all directions, generally
head forward. Length variable according to species.

5. Fry Young fish measuring approximately 2.0-2.5 cm in
total length. Sometimes split into early and late or
advanced fry stages, the latter merging into the
early fingerling stage.

6. Fingerling Young fish measuring approximately from 2.5 to
13 cm in total length. Sometimes split into early
and late or advanced fingerling stages.

7. Young fish Collective name of hatchlings, postlarvae, fry and
fingerlings.
8. 0-group fish Fish less than 12 months old.
9. Yearling One-year old fish.
10. 1+ Fish between 1 and 2 years of age.
11. 2+etc. Fish between 2 and 3 years of age and so on.

In this Manual the relevant bionomic features are first described individually
for each species. This is to enable the reader to base aquaculture on the known
biology of each species and to compare the results of aquaculture with patterns
observed in nature. For example, gonad weight and fish fecundity influenced by
artificial diets can be compared to fecundity observed in nature, and growth rates
obtained by qualitative and quantitative diet regulation can be compared to growth
rates occurring in the natural habitat of the fish. Next, the steps which are to be
followed—breeding, hatching, hatchling and postlarvae care, fry rearing, fingerling
production—and field methods to be applied are described, including available
options for every step and discussing the whys and hows of the processes. There-
after, techniques of transport of live fish seed, carp stocks and their genetics, carp
nutrition, food, feeds and feeding and fish diseases, their prophylaxis and thera-
peutics are described. Further on, what an aquaculture establishment should have by
way of equipment, implements, facilities, literature and technical manpower are
mentioned. Finally, research problems which beset aquaculture are highlighted
so that every establishment may contribute to the growth of science in aid of aqua-
culture to impart to it the status of a truly science-based industry capable of con-
tributing to the much-needed supply of fish protein for the peoples of Asia and
other developing regions.

xi



This Manual is addressed to carp hatchery managers and its objective is to fur-
nish practical technical guidance to hatchery personnel. The economic viability of a
carp hatchery as a whole and the economics of hatchery operations are not given in
this Manual. Their exclusion is not because the subjects are less important but because
it is very difficult to collect factual monetary data on the cost-benefit relationships
of aquaculture operations notwithstanding the rather difficult to quantify social
benefits (such as rural health) of aquaculture in welfare societies. The very fact that
carp seed production is being increasingly adopted as a professional gainful occupa-
tion in the rural sector in the developing countries bears enough testimony of the
economic viability of some carp hatcheries.

V.G. Jhingran
R.S.V. Pullin
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Chapter

1

Grass Carp

Biology
of
Cultured Carps

The species of fish dealt with in this Manual, either individually or as a group,
are commonly called carps. The species referred to are primarily seven in number
and are often grouped on the basis of their natural geographical occurrence: the
so-called Chinese carps, which include the grass carp, Ctenopharyngodon idella; the
silver carp, Hypophthalmichthys molitrix and the bighead carp, Aristichthys nobilis
and the so-called Indian major carps, which include catla, Cat/a cat/a; rohu, Labeo
rohita; and mrigal, Cirrhinus mrigala. The seventh species is the common carp,
Cyprinus carpio. Each of these species, by common parlance, is a carp. Ordinarily,
however, the expression ‘‘the carp’’ or ‘’carp’’, when used in singular for an individual
fish, generally connotes the common carp, Cyprinus carpio, rather than any other
cyprinid species. Other fishes are known by their own individual particular names
like silver carp, grass carp, catla, rohu, etc. Taxonomically, carps belong to the family
Cyprinidae. According to Berg (1940), they fall under the following systematic
classification:

Phylum Vertebrata
Subphylum Craniata
Superclass Gnathostomata
Series Pisces
Class Actinopterygii
Order Cypriniformes
Division Cyprini
Sub-Order Cyprinoidei
Family Cyprinidae
Sub-Family Cyprininae

Following is a brief description of the significant biological characteristics
relevant to aquaculture viz., geographical distribution, hybrids, food, growth, size
and age at first maturity and fecundity, especially important from the point of view
of operating a hatchery, of each of the species of carps dealt with in this Manual.’

Grass carp (Fig. 1.1) is a natural inhabitant of the flatland rivers of China and
the middle and lower reaches of river Amur in the USSR and the fish has been intro-
duced into many other countries in recent times. In some of the countries the main

lrhe sources of data on the common carp and the Indian major carps catla, rohu and mrigal are mainly
the FAO Fisheries Synopses Numbers 31{1) (1966), 32 (1966}, 111 (1975) and 120 (1979), respectively.
While they are included in the cited references {Chapter 14), the far too many original sources of literature
mentioned in the synopses are not individually indexed, Those for data on the Chinese carps are, however, men-
tioned in cited references in the Manual, there being no synopsis of biological data on any of the Chinese carps
so far.
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purpose of its introduction, in addition to culture, is biological aquatic weed control
in natural waterways, lakes and man-made lakes.

Grass carp, like other cyprinids, has a toothless mouth but has specialized
pharyngeal teeth for rasping aquatic vegetation. These teeth occur in two rows, the
upper consisting of two small teeth on either side and the lower of strong comb or
file-like teeth comprising four on the right and five on the left pharyngeal bone. In
fishes of total length 30 cm and below, the lower pharyngeal teeth have a serrated
cutting surface, while in larger fish, the teeth are thicker and have double flattened
serrated cutting and rasping surfaces. These patterns of teeth structure are associated
with the change in the feeding habit. Large fishes are able to masticate the leaves of
tough land plants such as fibrous grasses.

Digestion in the grass carp is said to be incomplete and about half the food
material ingested is excreted as feces which, it is believed, can support directly or
indirectly a large biomass of other species of fish.

The natural food of grass carp fry about 7-9 mm long is protozoa, rotifers and
nauplii to which diet Cladocera and copepods are added as they grow to about
12 mm length. Cladocera, copepods and benthic algae form the diet of fry 13-17
mm long to which organic detritus is added up to a length of about 23 mm. As the
fry grow to about 30 mm length, phytoplankton and minute algae become con-
spicuous additions to the diet. For fish above 30 mm, the natural diet is virtually
exclusively macrovegetation, tender aquatic weeds like Wo/ffia initially and a wide
variety of other aquatic macrovegetation and even softer land plants as the fish
grows. Among the macrovegetation, the preferred weeds in the different regions of
the world are: Wolffia, Lemna, Spirodela, Hydrilla, Najas, Ceratophyllum, Chara,
Potamogeton, Vallisneria and Myriophyllum.

The fry and larger fish take to substances like cereal brans, oilcakes, silkworm
pupae, kitchen refuse, night soil and dung which are often given as supplementary
food. The estimated conversion ratios? of a few selected focd items are shown in
Table 1.1.

In natural waters, grass carp attains a length of 15 to 30 cm weighing 225 g to
650 g at the end of first year; a length of 60 cm and a weight of 1.8 to 2.3 kg at the

2Weight of food:gain in whole wet weight of fish.

Fig. 1.1. Grass carp, Ctenopharyn

godon idella.



Table 1.1. Conversion ratios of a few items of grass

end of second year. After four years, the weight may be 4.5 kg. In the Yangtze and
West River systems, fish weighing 9 to 13 kg are common and fish weighing more
than 20 kg have been caught.

Under culture conditions, growth is a function of stocking rate and feeds given
and their conversion rate, competition with other fish co-stocked with grass carp and
environmental conditions. Hickling (1967), comparing the daily growth of grass carp
in different countries, observed it to be 2.8 g in Siberia, 3.3 in Turkmenia and south
China, 6.6 to 9.8 in Israel, 4.7 in India and 8.3 to 10 in Malacca. In Chinese ponds,
grass carp attains a weight of 225 to 680 g in first year, 1,200 to 2,300 g in second,
2,700 g in third and 3,800 g in the fourth year. Woynarovich (1968) observed the
growth of grass carp in China, USSR and some east European countries to be as
shown in Table 1.2.

Ageatwhich grass carp attains maturity varies greatly with climate and environ-
mental factors, especially temperature. In China, the approximate age at maturity of
grass carp is 15,000 degree(°C)-days, counting only those days when water tempera-
ture exceeds 15°C. However, this may not apply to other locations (see Table 1.3).

Table 1.2, Growth of grass carp in some countries.?

carp feeds.®

Age groups

Feed item Conversion ratio Country 0 - ! ]

Rice bran/wheat bran 4-6:1 Weight of age groups, {9)
Peanut and soya bean cake 3.45:1 i
Silkworm pupae ‘ 1.1:1 China 30-100 250-500 1,500-3,000
Silkworm fasces 1741 USSR (Moscow Area) 15-25 200-250 800- 200
Sugarcane leaves 40:1 Turkmenia 20420 360850 i 1,940-3,100
Mixed vegetables 33:1 Rumania 15.25 200850 |  800-1,800
Pig dung 45:1 Hungary 50-150 §50.1,200 1,500-6,000
Duck dung 43:1

®From Woynarovich (1968).

8 Adapted from Chang et al. {1983).

Silver Carp

Lin (1935) reported that in China a female grass carp weighing 7 kg had 100,000
ova. Inaba et al. (1957) estimated 485,000 ova in a grass carp weighing 7.1 kg.
Fecundity of grass carp in relation to fish and ovary weight has been studied, as
shown in Table 1.4. Fish weighing 4,766 to 7,036 g had 308,000 to 618,100 ova,
about 82 ova per gram body weight of the fish and 610 ova per gram weight of the
ovary. The ovarian eggs of grass carp have a diameter varying between 1.19 and
1.37 cm. A fully swollen water-hardened spawned egg of grass carp has a volume of
approximately 0.055 ml. A grass carp hatchling after absorption of the yolksac
weighs approximately 0.0022 g.

The fish breeds during monsoon months in the flowing waters of its natural
habitat, the rivers, but does not spawn naturally in the static waters of ponds and
tanks. The various methods employed for induced spawning are described in Chap-
ter 4.

Silver carp (Fig. 1.2) naturally occurs in the river systems, Yangtze, West River,
Kwangsi and Kwangtung in south and central China and in the Amur Basin in USSR
and the species has been introduced into many countries in recent years for aqua-
culture.

One- to three-day old fry, when about 7-9 mm long, mainly feed on zooplankton,
rotifers and copepod nauplii. Their diet expands as the fry grow to include copepods,



Table 1.3. Size and ago at first maturity of grass carp in different coun-

" tries.
- Age at maturity Waight
Caountry (years) (k)
Chine
South 45 68
Central 4.5 68
Northeast 8-7 68
“India
Pond-tred 2 186
wild 3 48
Malaysia 12 23-3.2
Taiwan 45 3 or more
USSR
Turkmenia 34 -
Ukraine 89 2,7-38
Siberla 89 6.6-7.0
Moscow 10 6.5-7.0
8adapted from Chang et al. (1983).
Table 1.4. Size and fecundity of grasss‘em'p.a ‘
. Average diamater
Total length Waight of fish Weight of ovariss Waeight of fish: .of ova
{cm) @) (g waight of ovaries Total no. of eggs {mm)
738 4,768 540 6.7 : 1 372,600 121
750 5830 880 66 : 1 441,700 1.3
768 4880 744 65 : 1 663,900 1.19
786 5476 656 83 :1 386,200 1.36
789 6,724 1,129 6§ :1 618,100 1.30
79.2 7,036 663 127 : 1 308,800 133

9Ecom Allkunhi and Parameswaran {1863).

Fig. 1.2, Silver carp, Hypophthal
michthys molitrix
from Freshwater Fish Culture Com
mittee of China 1978).

{reproducec



Cladocera and phytoplankton. Still larger fry and adults feed on Flagellata, Dino-
flagellata, Myxophyceae, Bacillariophyceae, etc., primarily phytoplankton and
secondarily zooplankton. The fish shows certain anatomical and morphological
modifications in correlation with its phytoplanktophagous feeding habit. The length
of the gut of the adult fish is 15 times the body length. The gills of silver carp have
a complex network and profusion of closely set gill rakers.

There is little information available on the growth rate of silver carp in rivers of
its natural occurrence. Under culture conditions, growth rate is a function of stocking
rate, natural food available and feeds given, competition with other species in poly-
culture, conversion rate of feed and environmental conditions. Under a given set of
conditions, the growth rate of fry of silver carp is extremely high in the first 10 days,
the fish doubling its weight every second day and becoming about 19 mm long
weighing 0.09 g in 10 days, 47 mm long weighing 1.1 gm in 20 days and 17 cm long
weighing 5.5 g in 60 days. Absolute weight increases 0.001-0.02 g/day in the first
10 days and 4.2 g/day during the fingerling stage. Silver carp attains highest growth
rate in length in the second year of life and maximum growth rate in weight in the
third year. Growth in both length and weight declines sharply after the third year,
by which period the fish may weigh as much as 2,780 g, gaining weight at the rate of
6.3 g/day. The length and weight of silver carp under certain conditions of culture
may be as shown in Table 1.5 below.

Of the environmental factors, temperature exercises maximum effect on the
maturity of silver carp. The age at first maturity of silver carp can be approximated
by the same formula as for grass carp. However, this may not be applicable in
locations other than China.

The age and size at sexual maturity of silver carp reported from China and
Rumania are shown in Table 1.6.

3 adapted from Chang et al, (1983).

Table 1,6. Growth of silver carp.a Teable 1.6. Age and size at sexual maturity of siiver carp, |
Age Body length ' Weight Sexual maturity
{years) {em) () Age Weight :
Country {years) (kg) Authority
-2 50.0 1,803 :
3 57.6 4 850 Scuth China 23 25 Kuronuma (1868)
4 60.3 6,340 Central China 45 25 Kuronuma (1888)
B 630 6,400 North China 56 25 Kuronuma (1968)
Rumania 69 68 Woynarovich (1868)

Alikunhi and Parameswaran (1963) reported the fecundity of silver carp weigh-
ing 3.18 kg to 8,61 kg, as 145,000 to 2,044,000. The number of eggs per g body
weight was 171 and per g ovary weight, 292, The fecundity of silver carp at different
sizes and ages, as observed at the Pond Culture Division of the Central Inland Fish-
eries Research Institute (CIFRI), Cuttack, India is shown in Table 1.7.

The eggs from the yearlings of silver carp, 0.6 to 2.4 kg in weight, measured, on
average, 1.20 mm in diameter, whereas those of 4-year old fish were about 11%
larger. A fully swollen, water-hardened silver carp egg has a volume of about 0.07 ml.
A silver carp hatchling after its yolksac is absorbed weighs approximately 0.0031 g.

The fish breeds naturally during April-July in the flowing waters of its natural
habitat, the rivers of China. In the Tone River in Japan, where the fish has estab-
lished itself, it spawns naturally during June-July. At Cuttack in India, pond-reared
fully ripe males are available during April-May and the females, a little later, during
May-July (Alikunhi et al. 1963). The fish does not spawn naturally in ponds and
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Table 1.7. Fecundity of silver carp of different sizes and ages."

Rangevand average Parcentage of Ovaporg Ovaperg Ova diameter
_ No. Length Welght ovarian weight, body weight ovary waight range and avorage
Particulars of stock examined (cr) (9} rango and average range and average range and average {mm)
One-year old induced bred 98 38.8.575 6912430 9.8-240 75-262 788-1,768 107-1.36
(62.2) (1,734) {14.4) (187) {1,165} . (1.20)
Two-year old Tone river 8 565-740 3,1786523 143-34.9 48-313 318851 -
stocked reared in {65.9) 4572) (25.8) (184) (732)
Cuttack, India,
during 195961
3+ stock 14 63.5828 49948512 13.6-27.2 100-228 518-1,031 1.21-1.38
(74.7) (8,320) (20.2) (161} (801) {1.255)
4+ stock 2 802828 6294-7491 220240 160-180 €67-822 1.31-1.36

814) (7,208) (230) - {170} (745) (1.33)
3¢rom Alikunhi and Sukumaran (1966). '

tanks. The various methods employed for its induced breeding are described in
Chapter 4.

Wu and Chung (1964) stated that the fecundity of the pond-reared breeders
of Chinese carps in Kwangtung Province, China, is high, usually about 1 million eggs
per kg of body weight. Kuronuma (1968) stated that silver carp from Tone River,
Japan, 88.0 to 98.5 cm in length and 9.5 to 11.0 kg in weight, produced between
1,098,000 and 1,392,000 eggs after injection of pituitary material.

Bighead Carp

Bighead carp (Fig. 1.3) is the natural inhabitant of the river systems Yangtze,
West River, Kwangsi and Kwangtung of south and central China and the species has
been transplanted into many countries in recent years.

Larvae feed mainly on unicellular planktonic organisms, nauplii and rotifers.
Fry and adults feed on diverse forms of planktonic life, mainly zooplankton as well
as Bacillariophyceae, Flagellata, Dinoflagellata, Myxophyceae, etc. The alimentary

Fig. 1.3. Bighead carp, Aristichthys
nobilis (reproduced from Fresh.
water Fish Culture Committee of
China 1978).




canal of this fish is much shorter, size for size than that of silver carp, a difference
brought about by the necessity of having to digest primarily zooplankton in bighead
carp and phytoplankton in silver carp. The food of this fish resembles more that of
the Indian major carp catla, which is also predominantly a zooplankton feeder. A
considerable measure of competition for food may be expected between bighead
carp and catla in polyculture if these two species are grown together in the same
pond.

Little information is available on the growth rate of bighead carp in rivers of
its natural occurrence. In aquaculture operations, growth rate would depend on rate
of stocking, food available naturally from aquatic fertilization and supplied supple-
mentarily, competition with other species co-stocked, conversion rate and environ-
mental conditions. Under a given set of conditions, the hatchlings, which on emer-
gence may be 7.5 mm long weighing 0.002 g, in 10 days may become 13 mm long
weighing 0.09 g. The rate of growth of fingerlings may be 6.3 g/day and of young
adults, 14.7 g/day.

The maximum growth in length, as in the case of silver carp, occurs in second
year and maximum growth in weight, in third year. The length and weight of big-
head carp in the first five years of its life, under certain conditions, may be as shown
in Table 1.8.

The pattern of attainment of maturity follows the same principle as that of
silver carp and grass carp. The fecundity is 126 eggs per gram of body weight. Table
1.9 shows the size and age at first maturity of bighead carp in different countries.

The fish breeds during monsoon months in the flowing waters of its natural
habitat, the rivers, but does not spawn naturally in the static waters of ponds and
tanks. The various methods employed for induced spawning are described in Chap-
ter 4,

Tsble 1.9, Size and age at first maturity of blghead?_earp in different

Teble 1.8. Growth of bighead carp.2

countries®

Age Body length Waeight Age of matﬁrlty Weight
{years) {em) (g} Country {years) {kg)
2 63.0 3,260 China ‘
3 ‘748 10,760 Scuth 3-4 5-10
- 4 76.1- 10,800 Central 45 6-10
8 778 11.800 Northeast 6-7 5-10
- 8adapted from Chang et al. (1983). Taiwan - 3-4 6 or more

Common Carp

USSR ]

9adapted from Chang et al, (1883).

The common carp (Fig. 1.4) has four subspecies (Kirpichnikov 1967), vis.

Cyprinus carpio carpio of the European-Transcaucasian area; C.c. aralensis of the
mid-Asian region; C.c. haematopterus of the Amur-Chinese or Far Eastern region
and C.c. viridivio4aceus of north Vietnam. According to Giinther (1868), the
common carp is a native of the temperate regions of Asia, especially of China.
According to Schaperclaus (1933), the fish was originally a native of the rivers
draining into the Caspian Sea and the Black Sea. According to Okada (1860), the
fish, which originated from central Asia, was introduced in ancient times into China



Fig. 1.4. Common carp, Cyprinus
carpio (*'big belly’’ variety).

and Japan in the oriental region and into Greece and Europe through Rome. The
original natural distribution of common carp was probably restricted to a narrow
belt in central Asia within latitudes 35°-50°N and longitudes 30°-135°E and altitude
generally 300 m above mean sea level. It has been transplanted into scores of coun-
tries, so much so that it now enjoys the status of a virtually global fish and its
culture is very widespread.

There are numerous varieties and subvarieties or strains of common carp. The
well-known variety of the Kwantung and Kwangsi regions of China is the “’big belly
carp’’ and of the Yangtze region, the ‘‘long bodied carp’’. The well-known Indonesian
orange-colored carp (Cyprinus carpio var. flavipinnis C.V.} has been split into a num-
ber of subvarieties, such as the lemon-colored Sinyonya and the gold brown Katjera
Domas. There is also the green variety in Indonesia, the ‘’Punten carp’ with genetic
traits which are believed to be stabilized. The ‘“Majalayan” strain of West Java is also
a greenish variety. The mirror carp (Cyprinus carpio var. specularis) of the Galician
variety or of the Franconian variety were transplanted into Indonesia in the first half
of the 20th century and are distinct from the Aischgrunder (Germany) or Royale
(France) varieties. The Russian mirror carp (Cyprinus carpio var. specularis) is now
split into two varieties, the scale carp (C.c. var. communis) and the leather carp (C.c.
var. nudus). The other varieties of common carp are the Japanese races which go by
the name of Asagi and Yamato; Ropsha and Kursk of USSR; Dinnye$ of Hungary
and Nasice of Yugoslavia. Further information on carp genetics is given in Chapter 7.

Postlarvae up to 10.0 mm long feed on, among other organisms, Ceriodaphnia,
Moina, Cyclops and nauplii. In the guts of 10- to 20-mm long fry, are found the
remains of Cyclops, rotifers, Ceriodaphnia, Moina, nauplii, Chydorus, Microcystis,
Euglena, Oscillatoria, diatoms and Closterium. Twenty- to 100-mm long common
carp feed on, among other organisms, Diaptomus, Cyclops, rotifers, Diaphanosoma,
Moina, Ceriodaphnia, ostracods, insects including chironomid larvae, Euglena and
Closterium. Common carp bigger than 10 cm thrive on decayed vegetable matter
containing bottom dwelling organisms, notably tubificids, molluscs, chironomids,
ephemerids and trichopterans. Common carp dig and burrow into pond embank-
ments and sides in search of organic matter. The fish gulp in mud from which
digestible matter is sifted and the rest rejected, a habit which often makes pond
water turbid.



The growth rate of common carp under culture is a function of the variety
cultured, rate of stocking, quality and quantity of feed supplied and competition
with other fish in the case of polyculture. Under given conditions, growth of common
carp in different countries is as described in Table 1.10.

The size and age of common carp at first maturity in different countries are
as shown in Table 1.11, Some fecundity data are shown in Table 1.12.

The males have remarkably highly developed testes and some have the abdomen
bulging as conspicuously as in the case of gravid females. The weight of testes in
some males may be as high as 20 to 30% of the total body weight.

Common carp breeds naturally in its natural habitat, the rivers as well as in
ponds and tanks. The eggs are adhesive and the fish requires suitable floating sub-
stances for attachment of eggs.

Breeding frequency and methods of breeding common carp in aquaculture
operations are described in Chapter 4.,

Table 1.10. Growth of common carp in varicus countries.?

Weight {(g) at the end of

Country 1st year 2nd year 3rd year 4th year
China 300 200 1500 2,000
Malaysia
Thailand 400 800 - -
Indonesia .

Europe 36-60 3650600 1,250-1,500 2,505
England 16 200 600 1,300

3Erom Alikunhi {(1866).

Table 1;1 1. Size and age at first maturity of common carp under different climatlc conditions.?

Water temperature At first maturity .
during spawning Age Length - Weight Spawning
Country season (°C) (vears) {cm) @ . season
Europe 1618 3-4 4045 1,500-2,500 : May-June
USSR 17-19 25 April-May
China 23
lapan 12-30 0.20.3 30-38 5C0-800 L April-june
Indonesia 1930 115 30-40 1,000-2,000 : Year round’
Thatland 26-29 1156 i
Malaysia 115
India H
a) Plains 18-35 05 16-20 80-170 i Year round
b) Hills 1.0 37-48 908-1,3680 ‘Year round
lsrael 23-30 10 - : March-August.
2025 14

USA (Scuth)

:March-June

IEram Afikunhi (1866).
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Table 1.12, Absolute and relative fecundity of common carp in India.?

Ovaries: Parcentage of

Total weight total weight No. eggs/g
Length (cm) (kg) Range Average No, eggs ovary
16-25 0.0580.290 8.7329 207 6,360-25,942 | 517-1,388
2635 0.309-0.795 38379 180 46,648-60,720 437-1,793
35-45 08172043 75325 180 120,448-146,328 549-1,697
4555 © 2.1433632 70323 206 281,790-551,580 440.941
55-65 2.902-7.600 53378 242 776,020-1,748,000 563912
Over 66 1362 26.7 2,046,552 81

9From Alikunhi (1966).

Catla

Catla (Fig. 1.5) is the natural inhabitant of the freshwater sections of the rivers
of northern India, Pakistan, Bangladesh and Burma. Its favorite habitat is the deep
pools of the rivers of north India. The species has been transplanted into some of
the rivers of peninsular India, notably River Cauvery and in more recent times,
into Sri Lanka and China. Mixed seed of Indian major carps, which generally includes
catla, rohu and mrigal, has been exported to several countries, the details of which
are given in Table 1.13.

While no distinct races or varieties of catla are known, catla, as a species, is
often confused with an allied form occurring in Thailand, Catlocarpio siamensis
(Boulenger) due to their extraordinary superficial resemblance, more especially in
the enormous heads of both.

Five hybrids have been produced artificially in India, namely male catla x female
rohu, male catla x female Labeo calbasu, male catla x female mrigal, male rohu x
female catla and male Labeo fimbriatus x female catla. In 1962, one pair of catla-
rohu hybrids was induced to spawn by injecting pituitary hormone, which resulted in
successful production of a second generation of the hybrid. In 1960, several hundred
golden colored catla were obtained from one induced-bred specimen, and when the
colored catla were interbred, all the progeny were found to be colored.

Fig. 1.5. Catla, Catla catia.
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The dominant occurrence of zooplankton in the gut of catla indicates that it
is mainly a water column feeder. The incidence of organic detritus, mingled with
sand, mud and rooted aquatic plants indicates a bottom browsing habit as well. The
presence of certain unattached submerged floating vegetation points out that the
fish also explores the midlayers of water. The natural foods of juveniles and adult
catla are shown in Table 1.14.

Tahle 1,13, Export of Indian major carp seed by Massrs. Fish Seed Syndi-  Table 1.14. Natural food of juvenile and aduit catia®
cate, Calcutta.? ' -‘

Percentagb of octurrence

Total quantity of Food item Juvenile ! Adult
Country whare . seed sont -
exported Year of export (size up to 30 mm) ’ .
Crustacea 7968 64.20
: Algae 9.68 30.08
Japan - 1961 6,000 Macrovegetation 103 . &
{Tokyo) ) V Rotifers 5.66 . 1.19
Insects ) 287 . 059
Malaysia 1957 4,700 Protozoa 080 0.01
{Penang) 1959 6,000 :‘k:"um g-g: . -
olyzoa X . -
Malscca 1857 2,620 Decayed organic matter 013 0.60
v 1861 . 300 Sand and mud 040 | 0.54
Sarawsk . : 1970 10,000 ;
8Adapted from Natarajan and Jhingran (1961).
Napal 1957 ' 60,000 :
1958 35,000
Philippines 1865 15,000
USSR ' 1966 : 3,000
{Moscow)
- Southern Rhodesis .1 965 6,600

®Erom Khan and Jhingran (1975).

Catla is the fastest growing of the Indian major carps. In natural waters, catla
attains a length of 295 mm (weight 354 g) in the first year, 514 mm (weight 2,193 g)
in the second year, 716 mm (weight 6,501 g) in the third year, 823 mm (10,282 g)
in the fourth year and 917 mm (weight 14,665 g) in the fifth year.

Growth of catla under culture conditions, as revealed in literature, is summarized
in Table 1.15.

Catla attains first maturity in the second year of life. Alikunhi (1957) mentioned
that in ponds catla becomes mature when 22 months old. Natarajan and Jhingran
(1963) estimated that catla from River Yamuna at first maturity were in the second
year age-group.

The length at which catla attains first sexual maturity has been stated by differ-
ent workers as indicated below.3

Chacko and Kuriyan (1948, 1950) 559 mm
Alikunhi (1957) 457 mm
Menon et al. (1959) 550 mm
Natarajan and Jhingran (1963) 442 mm

Khan (1924) found 400,275 eggs in a specimen of catla weighing 5.1 kg. The
number of eggs per kg body weight was estimated by him to be 77,832, Natarajan
(personal communication) found the fecundity of catla to vary from 230,831 to
4,202,250, depending upon the length and weight of the fish and the weight of the
ovary as shown in Table 1.16.

3Jhingran {1966). Published with the permission of Food and Agriculture Organization, United Nations.
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Table 1.15. Growth of catia undsr culture conditions.®

Length and/or weight Duration age and/or Length and/or weight . Duration age and/or
attained by catla initial length attalned by catla initial tangth
279 mm1398.9§ May 1876 to 22 September 1875 76 mm to 102 mm/month First six months
432 mm Four months: initial length 102 mm 109 kg Two years
to 229 mm 18 kg " Three years
308 mm Six months: initlal length 127 mm 381 mm to 467 mm One year
to 264 mm 608 mm in condition of under- ’
stocking/907g
457 10 610 mm One year ’ . ,
672 mm/3.6 kg Ning-and-one-helf months
306 mm/610.3 g Two-and-one-half months -
- 457 mm to 610 mm One year from Initia! length
660 to 737 mm/about 4 kg First year " 51 mmto 76 mm
910 mmto 1.8 m/135 to Second and third year 600 mm Ona year
224 kg 950 mm ina ., Two years
. 1120 mm| TeservoIr Thres years
254 mm Five months
320 mm i One year
686 mm/3.2 to One year 630 mm na Two years
4.1kg 700mm j ‘ank
2 Adapted from Jhingran {1866).
Tablo 1.16. Relation of egg numbar to body size and age of catla.
: Number of ova per
Aga of fish Total length Waight of fish Weight of ovary Number of ova gram walght of
{years) {mm) (g (g} Body Ovary
3+ 783 113290 301.1 230831 20 767
3+ 795 10876.4 424.4 348,220 32 821
3+ 765 143734 3,008.1 2,348,351 183 - 781
4 840 13,0134 31184 2,963,126 228 950
6 923 11,7728 2,239.7 2,073,085 176 926
6 925 17,0850 44226 4,202,260 246 950
6 935 18,9094 2,608.0 2,432,380 126 933
B+ 850 18,4658 3,1188 3,077,800 187 887

The spawning season of catla coincides with the southwest monsoon in north-
eastern India and Bangladesh, where it lasts from May to August and in north India
and Pakistan, from June to September. In south Indian rivers, the spawning season
appears to be somewhat variable as shown below:

Authority

Chacko and Kuriyan (1948)
Chacko and Kuriyan (1950)
Alikunhi et al. (1952)

Menon et al. (1959)
Hora and Pillay (1962)

Spawning Season®

July-November

End of May-End of October

Twice a year, once each during southwest
and northeast monsoons

June-September

Twice a year during monsoons

8Erom Jhingran (1966). Reproduced with the permission of Food and Agriculture Organization of

the United Nations.



Rohu

13

After spawning, the ovaries are in spent condition, flaccid and bloodshot, with
a few dead detached ova lying in the lumen of the ovary.

A fully swollen, water-hardened egg of catla has a volume of approximately
0.08 ml. A catla hatchling after its yolksac is absorbed weighs approximately 0.0025 g.

Rohu (Fig. 1.6) is the natural inhabitant of freshwater sections of the rivers of
north India; the Rivers Narmada, Tapti and Mahanadi in central India and rivers of
Pakistan, Bangladesh, Burma and the Terai region of Nepal. It has been transplanted
into some of the rivers of peninsular India and Powai Lake, Bombay. Rohu has also
been transplanted to Sri Lanka and to Mauritius. Mixed along with the seed of catla
and mrigal, rohu has been exported to USSR, Japan, Philippines, Malaysia, Nepal
and some countries of Africa, during the years 1957 to 1970. The details may be
seen in Table 1.13.
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The interspecific hybrids involving rohu are: (1) male rohu x female Labeo
calbasu, (2) male Labeo calbasu x female rohu and (3) male Labeo bata x female
rohu. The intergeneric hybrids involving rohu and Indian major and minor carps
are: (1) male catla x female rohu, (2) male rohu and female catla, {3) male rohu x
female mrigal, (4) male mrigal x female rohu, and (8) male Cirrhinus reba x female
rohu. The first mentioned intergeneric hybrid, male catla x female rohu, is perhaps
the most promising which combines the quick growth of catla and small head of
rohu. The intergeneric hybrids produced between rohu and Chinese carps are:

(1) male bighead x female rohu, (2) male grass carp x female rohu, (3) male rohu x
female grass carp and (4) male rohu x female silver carp. Most of the hybrids between
rohu and Chinese carps die before or on the first day of hatching, the longest sur-
vivors (for two weeks) are rohu x grass carp hybrids. The intergeneric hybrids
between male Cyprinus carpio and female rohu, though they survive, are found
to be sterile.

Rohu is a bottom and column feeder and prefers to feed on plant matter includ-
ing decaying vegetation; it is less adapted to take zooplankton than even mrigal.
Utilization of plant matter is much better in mrigal and rohu than in catla. Rohu
fingerlings 100-250 mm long subsist on unicellular and filamentous algae (15%),
rotting vegetation (55%), rotifers and protozoans (2%) and crustaceans (8%). The
rotten vegetation component in the food increases in bigger fish.
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The sizes attained by rohu at different ages in natural waters are given in
Table 1.17.

Under culture conditions, highly variable growth has been mentioned by
different workers, It is a very quick growing fish though having a somewhat slower
growth rate than catla. Records of growth of rohu, as revealed in literature, are
presented in Table 1.18.

Rohu attains maturity towards the end of the second year in ponds (Ali-
kunhi 1957). It has been observed at Cuttack, India that a certain percentage of
both males and females reached sexual maturity in one year only. The average size
of maturity was 292 mm/282 79 in one pond and 348 mm/500 g in the other pond.
One of the smallest ripe female rohu has been reported to measure 26 cm in length
and 250 g in weight in ponds at Cuttack. It is reported that rohu matures in Bangla-
desh at the age of 3-4 years. Khan (1972) estimated the age at first maturity of rohu
by examining the gonadal condition of fish collected from the Aligarh (India) market
over a period of 18 months from July 1868 to December 1969, The gonads started
developing during the month of February, the ripe stage was reached during June
and July and finally spent individuals were found in late July and early August.

Table 1.17. Sizes attained by rohu at different ages

of its life in natural waters.? Teble 1.18. Growth of rohu under culture conditions.?
Age ' Length Length and/or weight Duration: age and/or
(years) {mm) attained by rohu initiat length
1 310 4375 mm/1.23 kg 9-1/2 months
2 600 337.6 mm/0.68 kg 6-1/4 months
3 650 200 mm 30days
4 740 650 mm One year
5 800 380-480 mm/680 g One year
8 850 ‘ 650 mm : One year
7 890 340-400 mm " One year
8 920 350-450 mm/676-800 g First year
9 940 26 ko/5.4 kg Second year
10 860

" @adapted from Khan and Jhingran {1975).
'Adapted from Khan and Jhingran (1975).

The gonado-somatic index gave the same information. During the spawning season,
males were found to mature earlier than females. The larger-sized individuals were
also found to mature earlier than the smaller ones. The minimum age at first maturity
for both the sexes was two years while complete maturity was reached by males at
age four years and by females at age five. The fifty-percent maturity point was 2.7
years for males and 2.9 years for females. The minimum size at first maturity of
males was 46.2 cm and 100 percent maturity was found in the 650 mm length
group. The smallest mature female observed was 5156 mm, and all the females were
mature in the 700 mm length group. The fifty-percent maturity points were 549.0
mm and 579.6 mm for males and females, respectively.

The fecundity of rohu is reported to vary from 226,000 to 2,794,000, depend-
ing upon the length and weight of the fish and weight of the ovary, as shown in
Table 1.19.

The spawning season of rohu generally coincides with the southwest monsoon,
though it appears to be somewhat variable in different parts of India as seen in
Table 1.20.
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Tablo 1,19. Fecundity of rohu.?

Length of fish Weight of fish Weight of ovary No. eggs per g Total no. No. eggs per g Percentege of ovary weight in
{em) {kg) )] ovary weight ~ eggs body weight body walght
51 1.7 300 1,230 369,000 211 17
545 150 300 865 289,500 193 .20
673 2,00 250 806 226,500 113 7128
578 250 800 1516 768,000 303 20
61 2256 262 1,026 268,500 109 16
620 27 500 1,628 764,250 283 185
69.0 25 450 747 335,925 134 18
730 6.76 2,000 1,387 2,794 000 413 296

9Erom Khan and Jhingran {1975).

Mrigal

Table 1.20. Sgawnlng season of rohu in different parts of the Indian
subcontinent,

Spawning season

Locality

July-August

June-August

AprilJune

April-August
July-August

April/May-June
June-Septembsr

Western Uttar
Punjab

Pradesh and

Orissa and West Bengal

River Halda, Chittagong
Ganga system of north Bihar
Ganga system (Aligarh, Uttar

Pradesh)
Agsam
Aligarh

®Erom Khan and Jhingran (1975).

A fully swollen, water-hardened egg of rohu has a volume of approximately
0.078 ml. A rohu hatchling after absorption of its yolksac weighs approximately

0.0021 g.

Mrigal (Fig. 1.7) is the natural inhabitant of the freshwater sections of the
rivers of northern India, Bangladesh, Burma and Pakistan. It has been transplanted
into waters of peninsular India for aquaculture.

A large number of intergeneric hybrids has been produced at the Pond Culture
Division of the Central Inland Fisheries Research Institute, India. These are:

Male parent
species

Catla catla
Labeo rohita
C. mrigala
C. mrigala

Female parent
species

Cirrhinus mrigala
C. mrigala
L. rohita

Labeo calbasu

Hybrids

Catla-mrigal
Rohu-mrigal
Mrigal-rohu
Mrigal-Labeo calbasu

The first generation hybrids of male mrigal and female rohu were produced in
1958. Hamsa (1971) reported that the fertile hybrid between male rohu and female
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4 o]

1 Girrhlnus mrigola (7777

Fig. 1.7. Mrigal, Cirrhinus mrigala.

mrigal has a deeper body than either of its parents, while the head is bigger than
mrigal but smaller than rohu. Most of the body characteristics of offspring produced
by crossing the reciprocal hybrids, rohu-mrigal and mrigal-rohu, were intermediate
between those of the parents. Both types of hybrids matured fully in two years.
Hybrid mrigal-Labeo calbasu has a slightly fringed lower lip and two pairs of promi-
nent black barbels. The color of the body was intermediate between the species.
Some male hybrids produced were observed to have matured in one year (Chaudhuri
1973). In August 1960, two-year old, fully mature specimens of mrigal-rohu and
rohu-mrigal hybrids were examined. Males were mostly in the oozing condition
(Chaudhuri 1973). The first generation of fully mature mrigal-Labeo calbasu female
hybrids was successfully spawned by hormone injection and crossed with males of
catla, Labeo calbasu and mrigal. The following hybrids were produced:

Male parent
species Female hybrids Hybrids
Catla catla mrigal-L. calbasu catla-mrigal-L. calbasu
Labeo calbasu mrigal-L. calbasu L. calbasu-mrigal-L. calbasu
Cirrhinus mrigala mrigal-L, calbasu mrigal-mrigal-L. calbasu

A few males of these hybrids were reported to have attained maturity in one year
(Chaudhuri 1973).

Chaudhuri (quoted by Hickling 1968) crossed male Ctenopharyngodon idella
with female Cirrhinus mrigala in 1963 and 1965 and found that 95% of the eggs
hatched but the hatchlings showed abnormal growth and died within a few days.

Mrigal is a detritus eater with a narrow range in food variety. It is a bottom
feeder subsisting mainly on decayed vegetation. Some workers consider mrigal an
omnivore also frequenting the water column for feeding.

Semi-decayed organic matter constitutes about 65 to 78% of the gut contents
of the different size groups of mrigal, with semi-digested organic matter followed by
plankton predominating in the size groups 561 mm to above 766 mm fish length
and the reverse in the younger age groups measuring up to 560 mm iength. Consider-
able amounts of sand and mud, the former measuring up to about 21% of the gut
contents and the latter up to about 13% are encountered.
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In natural waters, mrigal is known to attain lengths as shown in Table 1.21
from two of the most important rivers of its area of occurrence in India, Rivers

Ganga and Yamuna.

In natural waters, the fish shows a very rapid growth rate in the first four years
of its life, followed by a period of slow growth in the next three years. The growth
rate thereafter becomes even slower.

Under conditions of aquaculture, the growth rate is a function of stocking rate,
natural food available and feeds given, competition with other co-stocked fish and
environmental conditions. A large number of workers mention highly varied growth
rates for mrigal in culture waters. The available information in the literature is sum-

marized in Table 1.22.

Table 1.21. Size attained by mrigal at varlous years of its life in the Hwers
Ganga and Yamuna, a

River Ganga River Yamuna
Total length  Waight Total length |
{mm) {9) {mm} '
Ags derived from derived from
{years) scales scales -
1 2808 245.7 268.0
2 5114 15120 458.4
3 6705 36180 644.2
4 7974 63240 736.1
] 858.0 8,030.0 816.7
[} 8885 8.960.0 867.1
7 9110 9,7120 9240
8 9218 10,0800 958.6
:] 9470 11,000.0 -
10 858.26 11930.0 -
1 958.26 11,9300 -
12 9920 12,7700 -
9Adapted from Jhingran and Khen (1979).
Table 1.22. Growth of mrigal under different culture conditions.?
Length and/or weight Length and/or waight
attained by mrigal Time span attained by mrigal Time span
200250 mm and 350 mm First year 580 mm First year
350 mm Second year 720 mm Second year
780 mm Third year
180 mm 3-1/2 months .
830 mm Four years
450-600 mm/1,136t0 1816¢g One year
276 mm First year
650-650 mm/1,362 t0 1,170 ¢g One year 480 mm Second year
. 630 mm Third year
650-1800g First year 740 mm Fourth year
2500¢g Second year 840 mm Fifth year
40009 Third year 873 mm Sixth yecar
900 mm Sevanth year
500 mm First year 913 mm Eighth year
6840 mm Second year 920 mm Ninth year

3Adapted from Jhingren and Khan (1979).
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Mrigal is reported to attain its first maturity when about one year old (Hora
and Pillay 1962) or two years old (Khan 1934; Alikunhi 1957). According to Chacko
and Ganapati (1951), the males mature at the end of the first year and females,
some time later. Hanumantharao (1971) reported the first maturity of mrigal at a
length of 349 mm, when the fish was 2+ years old. Induced-bred one year-old mrigal
of both sexes were found to be sexually mature in two ponds at Killa Fish Farm of
Centra! Inland Fisheries Research Institute located at Cuttack. The minimum age of
mrigal at first maturity, in waters around Aligarh (India), has been reported to be
two years for males and three years for females (Khan 1972).

Khan (1934) observed the fecundity of mrigal to vary from 124,800 to
1,905,000 in specimens weighing 904 g and 4,503 g, respectively. Chaudhuri (1863)
recorded that maximum number of eggs released by a mrigal, weighing 4.76 kg, was
1,164,000. Chakrabarty and Singh (1963) recorded the fecundity in mrigal to range
from 463,671 to 1,809,5636. Table 1.23 shows fecundity of mrigal collected from
the River Yamuna at Allahabad, India.

Hanumantharao (1971} estimated the fecundity of 40 mature mrigal from the
River Godavari, India and reported it to range from 75,900 to 1,123,200 in speci-
mens measuring 349 mm to 810 mm in length. The relationship between fecundity
(F) and total length (L) in mrigal was derived by him as:

Log F = 1.2225 + 2.4683 Log L

Table 1.24 shows the fecundity of mrigal estimated for different age groups.
The fecundity was found to be maximum in fish 5-7 years of age.

Table 1.23. Fecundity of mrigal collected from River Yamuna at Alla- . Teble 1.24, Avarage fecundity of mrigsl from the River Godavarl
habad 2 : _ India for differant year classes.”
Weight of Walght of Average numher Agoe (years) 2 3 4 -] [ ?
fish ovary of eggs per gram v : - :
(o) {a) of ovary o Fecundity . .
Fecundity In thousands * 1680 289 664 696 744 BI
6897 745 1481 1,103,026 SErom Jhingran and Khan (1979).
5,897 126 1453 "~ 181,886
8971 373 1873 - 686,201
7.031 349 1309 466,682
7144 1506 1,194 1,768,164
7M1 818 800 664,515

13,013 2,44 844 1,809,536

% rom Jhingran and Khen {1979).

According to Qasim and Quyyum (1962), mrigal contains a single group of
maturing eggs in the ovaries and spawns once a year. Khan (1972) confirming
these findings stated that the size of oocytes started to increase in April. The maxi-
mum size of ova was recorded during June. Spent fish contained either few or no
mature ova in the ovary during post-spawning months. The size of mature ova varied
from 0.92 mm to 1.10 mm. At the Pond Culture Substation of the Central Inland
Fisheries Research Institute, mrigal, like other major carps, has been induced to
breed twice within the same spawning season after an interval of two months.

The spawning season of mrigal depends on the onset and duration of the mon-

soon. It coincides with the southwest monsoon in india, Bangladesh and Pakistan.

. LIBRARY
INTERHATINMAL CEMTER FAR LIVING
AQUATIC RESOURCZS MANAGEMENT
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The duration of the spawning season varies in different regions of the subcontinent,
as shown in Table 1.25.

A fully swollen and water hardened laid egg of mrigal has a volume of approxi-
mately 0.11 ml. A mrigal hatchling after its yolksac is absorbed weighs about 0.0025 g.

Table 1.26. Spawning season of mrigal in the Indian subcontinent®

tributary of River Kosi

Locality Spawning season

Punjeb July and August
West Bengal June and July
Chittagong Aprilalune
Chittagong Rivers Halda and Karnafull April-July
South India ({The Godavari and Krishna) July-Septamber
- June-August
Ganga River system (depending upon April-August

floods in each region); Westarn Uttar

Pradesh '
Northern India (River Gsnsa) Juns-August
Madhya Pradesh During southwest mon-:

soon from the end! i
of June ,

Waestern Uttar Pradesh (Rivers: the Ganga, July-August

Yamuna and Kali) -~ :
Allghabad (River Yamuna) June-August
Different parts of the country Mid-May to end of August
THalya and Panchet reservoirs July
North Bihar {Kosi Khanua Dhar) a

June

3Adapted from Jhingran and Khan (1979).



Chapter
2
Components
of a
Carp Hatchery

The Site

Sites which enable easy fulfilment of the following objectives, naturally or in-
expensively, qualify for locating a carp hatchery:

1. ponds excavated at the site should provide a water retentive soil base, ex-
posed by digging or transfer of top soil of the site to pond bottom and embankments;

2. the soil should possess basic mineral nutrients and respond readily to
organic and inorganic fertilization;

3. there should be a dependable source of perennially available water in ade-
quate quantity for the size of the proposed hatchery;

4. self-draining ponds should be used on sloping sites;

5. the physical and chemical properties of the water are within acceptable
limits, such that water quality can be further manipulated by chemical treatment to
suit aquacultural needs;

6. the site is easily accessible by rail and/or road and air;

7. there is a market in the vicinity;

8. fertilizers and raw material for feeds required for aquaculture operations
and building material for constructing the hatchery are available near the site;

9. there is no industrial, domestic or pesticide pollution at the site;

10. there are reasonable educational and medical facilities available in the
vicinity of the site;

11. there may be scope for integration of aquaculture with agriculture, horti-
culture or floriculture at the site.

SOIL QUALITY

The biological productivity of a natural pond mainly depends on the quality of
its soil base, A satisfactory pond bottom soil is one which, apart from being imper-
vious to water, permits rapid mineralization of organic matter, absorbs nutrients
loosely bound and releases them slowly over a long period.

Silty clays, clay-loams, loams, etc., generally make good quality soils for a fish
pond. Rocky outcrops, shale ledges, sand, gravel and limestone areas must be avoided.
If, however, a measure of soil porosity becomes unavoidable, then pond bottom
may be treated with bentonite, clay or other soil sealants. Sprayed-on asphalt liners
and plastic film liners can also be used to reduce or prevent seepage but any such
treatment apart from being expensive, in effect, seals off the soil-water interface
with an inert substance and prevents soil-water exchange of minerals and nutrients,
which is detrimental to biological productivity. Fertilization, especially organic
manuring over a period of time, automatically reduces the rate of seepage by sealing
soil pores. It also reduces water turbidity caused by suspended silt and colloids.
Algae, in the presence of electrolytes, aid in the latter process by flocculation. If a
liner is to be installed to prevent seepage, it is desirable to put it about 200 cm

20
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below the pond bottom so that there exists a thick substratum of water-soaked soil
at the bottom of the pond.

The minerals and nutrients required for securing biological productivity for the
pond have basically to be drawn into the pond water from the pond soil. The pond
has to be enriched artificially for sustenance of its productivity once its inherent
fertility is used up. Economic considerations in aquaculture demand that the barest
minimum of fertilization be done artificially. This brings to the fore the extreme
importance of pond soil chemistry and its intimate direct relationship with pond
fertilization. Well-polarized, often diametrically opposite schools of thought in
N-P-K fertilization exist in the literature in aquaculture, While considerable scientific
knowledge has been amassed on agricultural soils in relation to fertilization and
cereal or horticultural production, little is known on water-submerged soils of ponds
in relation to pond fertilization, This is one area in which further research in aqua-
culture will pay rich dividends in economizing aquaculture (see further discussion
on pond fertilization, p. 64-67).

WATER QUALITY

Water of desirable quality and quantity is perhaps the most important require-
ment of a carp hatchery. The usual sources of water for a carp hatchery are rain
water, reservoirs, rivers and streams, springs, irrigation canals, surface run-off, open
wells, tubewells and artesian wells.

Flow-wise, by virtue of their elevated locations, perhaps the best and most
reliable sources of water supply are reservoirs. Water from rivers, canals and surface
run-off sources, apart from being prone to flooding (floods are often destructive),
more often than not carry a heavy load of silt which is very undesirable, especially
in the hatchery proper. In the hatchery proper, silt smothers eggs, hampering their
development; in ponds, it leads to siltation reducing pond volume, obstructs penetra-
tion of sunlight and adversely affects pond productivity.

Water from underground sources is generally free from biota and in that respect
is the safest, but often suffers from the serious drawback of deficiency in dissolved
oxygen. Water with a high dissolved oxygen content (6-9 ppm) at required tempera-
ture is the most essential requirement of a hatchery proper. Dissolved oxygen level
in the water is made good by installing aeration devices before its entry into the
hatchery proper.

Planning for Hatchery Construction

Before hatchery construction commences, it is essential that the site be exa-
mined carefully as to the characteristics on various points in Table 2.1 and those
stated above, It is necessary to dig 2.5-m deep pits at fairly close range along a
grid and examine soil samples drawn from 25-cm depth level profiles on their
physical and chemical properties. Laboratory seepage tests with soil samples may be
carried out to assess water retention. It is also necessary to look for depth of the
subsoil water table during the hottest part of the year and carry out laboratory
examination of the physical and chemical properties of the water available at the
site. It is absolutely essential that water sources at the site be carefully examined
as to the quantities of water available in different months of the year commensurate
with the needs of the size of the hatchery desired. A detailed contour survey of the
site is an essential prerequisite for preparing a master plan of the layout of the
hatchery.

Table 2.1 shows the characteristics of a satisfactory carp hatchery site.
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Tebla 2,1, Characteristics of a satisfactory carp hatchary site.

Characteristics ' Quality

Nature of terrain Non+ocky having at least 2,6 m desp soil cover.

Slopa of the tarrain Gently sloping such that terraced self-draining ponds can be carved out.

Physical quality of sofl Soll fraction should be 90% of the whole soil-stone and gravel not exceeding 10%.

Chemical quality of soil pH near neutral; total available N > 0,1%; total available P > 0,1%; total available C > 1.0%; should be
responsive to organic and inorganic fertilization. )

Rate of seepage <1 meter/annum,

Subsoit water table Should not be far below deepest pond bottom in driest summer month in case soil is not completely water

) . rotentive,

Water supply There should be a dependable source of perennial water supply sufficiant to mast the total water requirements
of the hatchery.

Chemical quality of water pH near neutral; temperature range 20°C to 30°C; should be responsive to organic and inorganic fertilization.

Essential Components of a Hatchery

The various essential components of a hatchery are:

e Dbroodfish ponds to hold adult fish for spawning and serve as donors of

pituitary glands and to accommodate spent females and males;

e a hatchery proper comprising a complex of facilities for fish spawning,

hatching and care of hatchlings to raise them up to postlarval stage;

e nursery ponds for rearing postlarvae to fry stage;

e rearing ponds for growing fry to fingerlings;

¢ ponds for production of fish to supply broodfish ponds and donors of

pituitary glands.

In this chapter, consideration is first given to the land areas to be converted
into different pond types and hatchery facilities. For this, one has to start with
certain basic decisions, including the carp species, their sizes and the quantities
desired to be produced. It is presumed here as an example that the species to be
produced are among the seven species of carps mentioned in Chapter 1 and that the
objective is to produce annually 100 t of table-sized fish of these species.

The assumptions shown in Table 2.2 are made to derive the requisite numbers
of various life-history stages of different species to produce 100 t of fish per year.

Table 2.2. Assumptions to derive pond areas and numbars for a production of 100 t of fish/year.

Numbar Assumption

1 It is a system of polyculture of the seven species, viz. catla, rohu, mrigal, silver carp, bighesd
carp, grass carp and commaon carp.

The density of production of tablesized fish is 5 t/ha.

The rate of stocking of postiarvaa is 1.5 million/ha or 150/m2.

The rate of survival of postlarvae to the fry stage is 50%.

The rate of stocking of fry to raise them to fingerlings i3 125,000/ha.

The rate of survival in rearing fry to the fingerling stage is 80%.

The rate of survival in rearing fingsrlings to table-sized fish is 90%.

A figh is considered marketable when it is 760 g in weight.

An average female broodfish produces 60,000 viable postlarvae.

Proportion of female broodfish which will respond to hypophysation is 50%; males 100%.

O Wb WN

- .
- O

Average weight of female spawner preferred for hypophysation is 4.6 kg.

On the average, a female broadfish for induced breeding needs 10 mg/kg of pituitary hor-
mone/kg and a male broodfish requires 4 mg/kg of pituitary hormone.

-
N

-
w

On an average a donor fish would yisld 3 mg/kg of pituitary gland.
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The following ratios of the carp species are further presumed.

Surface Feeders Percentage
Phytoplankton silver carp 20
Zooplankton bighead carp 10
Zooplankton catla 10

Bottom Feeders
Omnivore common carp 20
Detritus mrigal 10

Column Feeder
Browser rohu 15

Macrovegetation Feeder
Aquatic foliage grass carp 15

It is taken for granted that the stock ponds under consideration are still-water
ponds provided with facilities for draining and, therefore, inlets and monked outlets.
For production of 100 t of table-sized fish per year, the water surface of stock ponds
required is 20 ha,

The number of fingerlings (y) required per hectare can be calcuiated from the
following formula.

axyxb=c

where a = survival rate; b = size at harvesting; ¢ = yield at harvesting.
Substituting the assumed values for a, b and ¢, one can solve for y as follows:

0.9 x y x 0.75 kg = 5,000/ha
y = 7,407 fingerlings/ha

The required number of fingerlings of each species can be calculated as shown
in Table 2.3.

Table 2.3. Number of fingerlings of different species to produce annual
harvest of 100 t.
Total
Species Requirement requirement .
composition of fingerlings of fingerlings
(%) {no./ha) {no./year)®
i
Species
Silver carp 20 1481 29,620
Bighead carp 10 741 14,820 i
~ Catla 10 741 14820
Common carp 20 1,481 29,620
Mrigal 10 741 14820 )
Rohu 15 1,11 22,220 |
Grass carp 15 1,11 2220 |
Total 100 7,407 " 148,40 |

aF‘ms;arllngssl_ha x 20 ha, being the requirement of water surface area to
- produce 100 t/year. : .
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Based on a survival rate of 50% in nursing postlarvae to fry, the number of post-
larvae required can be calculated as:

185,175 - 370,350
050

Based on a survival rate of 80% in rearing from fry to fingerling stages, the total
number of fry required can be calculated as:

148,140 - 185 175
0.80 )

As per Assumption 5, to stock 185,175 fry, the rearing space required is
185,175/125,000 = 1.48 ha, say 1.5 ha. If the rearing pond is 0.2 ha, which is a
convenient size for netting purposes, eight rearing ponds will need to be prepared in
the hatchery. As per Assumption 3, the stocking rate of postlarvae is 1.5 million/ha.
Therefore, to stock 370,350 postlarvae, the nursery space required is 370,350/
1,500,000 = 0.25 ha. If each nursery pond is 0,05 ha, which is a convenient size for
netting operations, five nursery ponds will need to be prepared.

Requirements of Broodfish and Broodfish Ponds

All the carps under consideration here have high fecundities which vary a great
deal according to species (Chapter 1). Further, fecundity is a function of the age of
the broodfish, its nutrition and, therefore, the feeds it has been given. However, for
the sake of breeding purposes, and until enough scientific knowledge of the control
of fecundity in different species of carps is gathered, female broodfish weighing
3-6 kg each can be presumed to produce 50,000 postlarvae each {Assumption 9),
Furthermore, a set of spawners of a given species is taken to comprise three speci-
mens, one female and two males, such that the total weight of female broodfish
approximately equals the total weight of male broodfish.

In the present illustration, the number of postlarvae required is 370,350,
This number of postlarvae can be produced by induced breeding eight female
spawners of different species together weighing 36.0 kg (4.5 x 8 = 36.0 kg) and
16 males also together weighing 36.0 kg. But since there are seven different species,
two female broaodfish of each species would be required, which, at an average weight
of 4.5 kg, would altogether weigh 9.0 kg/species. For seven species, the total weight
of females would be 63.0 kg. But, vide Assumption 10, success in production of
postlarvae may be only 50%. Therefore, the total weight of female broodfish required
in this model is 126.0 kg. The approximate number of male broodfish required re-
mains 28, together weighing 63.0 kg. The total weight of female and male broodfish
would thus be 189.0 kg,

Based on Assumption 12 of hormone requirements, 126 kg of female broodfish
would need 1,260 mg (126 x 10 = 1,260 mg) of pituitary gland and 63 kg of male
broodfish would need 252 mg. Total weight of pituitary glands required would be
1,512 mg.

Based on Assumption 13 of 3 mg/kg of pituitary gland from donor fish, 1,512
mg of pituitary gland material can be got from 554 kg of donor fish taking into
account 10% wastage.

Requirements in weight of adulit fish for breeding as well as for donor fish,
therefore, are 743 kg (189.0 kg for breeding and 554 kg for donor fish).

The rate of stocking of broodfish ponds is 1,000 kg/ha. Therefore, for stocking
743 kg of adult fish 0.743 ha or say 0.8 ha are required, It is improper to have a
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broodfish pond of less than 0.2 ha area for convenience of netting, feeding, aeration,
application of prophylactic and therapeutic chemicals as well as flushing the pond
with fresh cool water for proper gonadal development. Therefore, in this illustration,
four broodfish ponds of 0.2 ha each are to be prepared, which will all together give

a stocking capacity of 600 kg of adult fish against the requirement of 449 kg. it
must, however, be borne in mind that when the targets of production are high, many
broodfish ponds, which should be different from stock ponds, would be required.
For further information on current practices in broodstock husbandry (stocking
density and nutrition) see Table 8.19 (Chapter 8).

Twenty-eight female spawners, allowing for 50% success in ovulation by hypo-
physation, complemented by 28 male spawners, would besides supplying 1,512 mg
of pituitary glands for hypophysation, on induced breeding, furnish 370,350 post-
larvae. These would need 0.25 ha of nursery space and would, at the survival rate of
50%, yield 185,175 fry. These fry, at the survival rate of 90% would produce 148,140
fingerlings requiring 1.6 ha of rearing ponds. The total of 743.0 kg of broodfish of
all the seven species required to produce 370,350 postlarvae, would require 0.80 ha
of broodfish ponds.

The space requirements may be as shown in Table 2.4.

Table 2A4. Requirements of different kinds of ponds for production of

100 t/year of table-sized fish.
Area of ponds Numbser of Total area of pondsé
Type of ponds {ha) ponds (ha) !
Broodfish 020 - 4 080
Nursery ’ 0.05 5 0.25 ]
Rearing 020 8 1.60 !
Stock 100 20 20.00 i
22,65

STRUCTURAL FEATURES OF DIFFERENT TYPES OF PONDS

The salient features of different types of ponds are:

Nursery Ponds: Drainable, small ponds, 0.01 to 0.1 ha and depth around 0.5 to
1.2 m. Pond bottom gently sloping towards outlet but plane. Rectangular shape and
convenient width for netting operations. A sump at outlet for collection of fry,

Rearing Ponds: Drainable ponds larger than nurseries and of depth of around
0.8 to 2 m. Pond bottom plane but gently sloping towards outlet. Rectangular shape
and convenient width for netting operations. A sump at outlet for collection of fry
and fingerlings.

Drainability of both nursery and rearing ponds is highly desirable because during
the slack season, it would enable the pond bottom to be exposed to sun, aeration,
mineralization and aerobic destruction of the organic load which otherwise might lead
to hydrogen sulphide preduction, which is toxic. Other advantages of drainability
are ease of control of parasites, predators and unwanted fish; ease of application of
toxicants, manures and fertilizers if ploughing is necessary, facilitating cultivation
of nitrogen fixing crops like leguminous plants; ease of harvesting, a process greatly
facilitated by constructing a sump at the approach to the outlet.

Stock and/or Broodfish Ponds: Drainable, of rectangular shape, Should have
provision for flushing with ‘“cold’’ water of 25-28°C. A convenient source of such
water is a well {artesian, open or tube) or an underground spring. A width of 20-30 m
facilitates netting operations. Depths are generally 1 to 2.6 meters but greater depth
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is preferred in cold climatic zones and arid or semi-arid areas where the rate of
evaporation is high.

In the case of nursery and rearing and even stocking ponds, it is advisable for
each pond to have its water supply routed through a sand and pebbie filter set up in
a concrete structure with water moving upward from below (reverse flow filter) and
entering the pond from the top of the filter (Fig. 2.1). The advantage of individual
water filters for each nursery and rearing pond is that the filter would not only clean
the water but very effectively control the entry of unwanted fish, their young and
even the eggs, into the ponds. One of the more important causes of mortality of
carp hatchlings and fry in nursery and rearing ponds is predation by unwanted fish,
and the filter would provide the most effective way of removing the cause of the
problem. The same applies to stock ponds where carp fingerlings can be preyed
upon by unwanted fish. The unwanted fish not only prey upon carps but also share
the natural and artificial food which is meant for the carps.

It may be mentioned here that with advancement of technology, the stocking
and survival rates might increase, in which case, the model illustrated here would not
apply. However, the principles illustrated would remain valid. A new set of stocking
and survival rates would have to be presumed to work out pond area requirements for
still-water, pond-based aquaculture,

)
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Fig. 2.1. A reverse flow filter (re
produced from Woynarovich 1975)

Placement of Different Types of Ponds in a Hatchery

The location of different kinds of ponds in a hatchery is of considerable impor-
tance for ease of operation and minimization of operating costs.

As mentioned earlier, a detailed contour survey of the area where the hatchery
is to be built must precede fish farm construction, This will minimize filling or dig-
ging and movement of earth, which all cause expenditure on labor or mechanical
earthmoving. The lowest area of the terrain must be developed into stock ponds,
appropriate higher areas developed into rearing ponds and areas higher still into
nursery ponds (see Fig. 2.2). The same principle would apply to developing swampy
and marshy lands into fish farms, the deepest being converted into stock ponds, The
highest of the areas, on this principle, are to be developed into the hatchery proper,
closest to which must be located water treatment, filtration and sedimentation
plants and the water tower, laboratory, hatchery office and residential houses for
the staff. This arrangement will place the nurseries closest to the hatchery proper,
which is a logical arrangement. The fish breeding tanks from inside the hatchery
building may lead to outdoor nursery ponds by suitable conduits. As hatchlings



Fig. 2.2. A bird’s eye view of the
Fish Hatchery and Training Centre,
Raipur, Noakhali, Banaladesh.
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grow into fry and fingerlings, they can be, with least expense, conveniently trans-
ferred from nursery to rearing to stock ponds. Broodfish in the ponds in the above-
stated arrangement would be farthest from the hatchery, however, the ante-tanks in
the hatchery provide holding space for broodfish close by the fish-breeding tanks.

The Hatchery Proper

Fig. 2.3. A breeding hapa.
Fig. 2.4. A hatching hapa.

The hatchery proper is perhaps the most vital component of a modern fish
farm. Incorporation of a hatchery in a carp farm is a relatively recent development
in the history of carp culture. It is a logical corollary of the development of induced
breeding as a technique for commercial production of carp seed. In providing flowing
water of high oxygen content, a carp hatchery follows the basic principles of a
salmonid hatchery in which stripping has been a very old practice in different parts
of the world. In the early days of induced carp breeding, there were only outdoor
breeding and hatching facilities mainly comprising cloth enclosures (called hapas)
installed in ponds. The use of hapas involves mechanical transfer of eggs from breed-
ing hapas (Fig. 2.3) to hatching hapas (Fig. 2.4) and from hatching hapas to storage
hapas for temporary storage while they grow to an early fry stage before transfer to
carp nurseries for raising to the late fry stage.

The essential components of a modern hatchery proper are ante-tanks or storage
tanks; breeding tanks or ward tanks; incubators or hatching jars; larval rearing tanks.

Fig. 2.4
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The infrastructural facilities and functional alternatives of these components, as
they have evolved with the passage of time, are described below:

Ante-tanks: The purpose of ante-tanks is to hold selected ripe breeders prior
to hypophysation. The ante-tanks must be at least two in number, one for each sex
of a species of fish in the smallest hatchery. A 200 m? or 450 m? (10 m x 20 m or
15 m x 30 m) ante-tank of 1.0 to 1.5 m depth can hold 25-50 sets of broodfish
(each set comprising one female and two males) with female spawners weighing
3-6 kg each, and sexes segregated in the two tanks.

In many modern hatcheries, ante-tanks may serve diverse functions at different
times. These functions are:
holding breeders before hypophysation;
holding and rearing fry prior to sale;
holding fingerlings prior to sale;
serving as treatment tanks for diseased or infected fry, fingerlings and
broodfish;

5. providing additional space for operating jar or funnel incubators.

In case the ante-tanks are to serve as multipurpose tanks in a hatchery, their
dimensions may be altered to a more elongated shape, retaining their twin character,
and their numbers increased as per need,

Breeding Tanks: Also called ward tanks, the purpose of breeding tanks is
to hold injected breeders for natural spawning and fertilization. These tanks, regard-
less of their shape and size, essentially need a continuous supply of filtered, clear,
clean and well-oxygenated running water of optimum temperature. With the passage
of time in carp aquaculture, the breeding tanks have undergone great changes in
their shape and design and, to an extent, ‘‘automation’’ has been incorporated to
effect self-transfer of fertilized eggs into hatching tanks, A common feature of
breeding tanks, regardless of their shape and size, is that they should have a sloping
bottom leading to the outlet so that they can be completely drained when required
without leaving any eggs behind. Another common feature of breeding tanks is that
it should be possible to maintain their water level. This is universally done by
installing an outside standpipe (also at times called turn-down pipe) in each hatching
tank (Fig. 2.56). Chain and peg are often used to lock the turn-down pipe in position
to prevent it from slipping down and draining the breeding tank.

A breeding tank may be rectangular in shape, a convenient size being 2.5 m x
1.6 m x 1.0 m for holding 4-6 breeders and 4 m x 2 m x 1 m for 8-10 breeders
weighing 3-6 kg each (both female and male) in each case. For still larger breeders
weighing 12-20 kg each, even bigger breeding tanks, 7.6 m x 2.5 m x 1.0 m may be
made. |n breeding tanks of rectangular shape, if stripping is to be done, it is conve-
nient to construct a 20-25 cm deep and 50 cm wide side-tank along the long axis of
the breeding tank, The fish to be stripped may be conveniently pushed into the
ditch without much disturbance to the remaining fish in the breeding tank. Strip-
ping operations inevitably have to be done outside the tank in the hatchery building.
It is advisable to fix a breeding hapa inside a breeding tank, the rectangular shape of
which is more conducive to installation of a hapa. An advantage of a Aapa in the
above context is that it is much easier to handle, procure or release a spawner from
and into a hapa and also to isolate and pick up individual spawners should it become
necessary. The latter becomes quite difficult in a community breeding tank whatever
its shape, despite operating a dip net,.

bl o8

CIRCULAR BREEDING, HATCHERY AND LARVAE REARING TANKS

In modern times, more and more carp farms are incorporating circular breeding
tanks in their hatcheries either as substitutes for existing rectangular breeding tanks
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or as additional facilities. Breeding tanks of circular shape are of Chinese origin (Fig.

2.6). The
1.
2.

3.

Fig. 2.5. Twin tanks and ward tanks
in a hatchery; also seen are outside-
stand pipes or turn-down pipes (re-
produced from Woynarovich and
Horvath 1980). Fig. 2.6. Circular
fish breeding, hatching and larvae
rearing tanks in @ modular design.

advantages of a circular breeding tank are:

it is conducive to a continuous flow system;

within a limited space, it provides the effect of some aspects of the river-
ine environment which is the natural habitat of carps;

the centrifugal flow makes the operation of inlet and outlets more effec-
tive;

there are no dead areas as far as water flow is concerned, such as one en-
counters in rectangular or polygonal shapes; this makes distribution of
oxygenated water in the tank more uniform and, hence, hatching more
effective;

it is more conducive to protecting eggs from being washed out of the
hatching facility by installation of a screen surrounding the centrally
located outlet;

it makes additional aeration easier outside the centrally located outlet;
it can combine the functions of a breeding tank, a hatching tank as well as
larvae-rearing tank;

it can lend itself to a modular type of design (Fig. 2.6) in which each
breeding tank can be linked to twin circular hatching tanks such that the
entire contents of the former can be accommodated at a time in a pair of
hatching tanks with water containing fish eggs flowing by gravity. This
procedure enables performance of a series of breeding operations almost
continuously in the fish breeding season, given adequate numbers of
breeding and hatching units of modular design,
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The drawbacks of a circular breeding tank are that for functional effectiveness
in order to breed 4-6 sets of broodfish weighing 3-6 kg each, a circular tank, by
virtue of its shape, has to be larger in volume than a rectangular tank. Hence, it
needs more water and in many hatcheries, water is a serious limiting factor. Monitor-
ing of the extent of fertilization and hatching in fish breeding operations becomes
difficult, especially in large circular breeding tanks. Defects in leveling in the drainage
system, especially links with hatching tanks, become difficult to repair and remedy
without dismantling the centrally located outlet structure underground below the
brick work of the hatching tank,

A convenient size of a breeding tank is 2 m diameter and 1 m deep which
would hold about 1,800 liters of water. To impart a circular motion to water,
sideways-directed inlets are installed (Fig. 2.6) towards the bottom end of the
hatching tank wall. The rate of flow of water in a 1,800-liter circular tank may be
6-8 liters/sec. The other components of a circular breeding tank are a socket to cover
the centrally located drain hole into which would fit a uniformly perforated straight
pipe and a screen covering the perforations (Fig. 2.7). The non-metal screen is to
prevent eggs from escaping through the outlet.

It is possible for a circular breeding tank to function also as an egg incubator, a
hatching tank and a fry rearing tank. If this is to be done, then the eggs must be
allowed to remain in the breeding tank after they are spawned and fertilized and
additional aeration given to them. This can be conveniently done by installing an
air diffuser at the base of the screen surrounding the straight perforated pipe. The
air diffuser should be of circular shape to encircle the perforated metal and be
connected to an air blower or compressor through rubber tubes. The water level
regulation in the circular breeding tank is done by the vertical stand pipe tightly
fitting the central socket and through the turn-down pipe, manipulable from outside
the circular breeding tank.

Incubators or Hatching Jars: Unless the functions of a hatching tank are com-
bined with that of a breeding tank, separate hatching facilities are required in a
hatchery. A wide range of options is available to a pisciculturist in incubating and
hatching facilities.

Carp eggs can be incubated in e.g., MacDonald jars, zoug jars (Fig. 2.8), Weiss
jars or Zug-Weiss jars which are readily available from suppliers in Europe and North
America.

Fig. 2.7

Fig. 2.7. A circular concrete fish
breeding tank; also seen are a side-
ways directed inlet and centrally
located drain hole over which is
fitted a straight perforated pipe
covered by a screen (reproduced
from a photo taken at the Fish
Hatchery and Training Centre,
Raipur, Noakhali, Bangladesh by
one of the authors}. Fig. 28, Carp
eggs incubating in zoug jars at a
fish hatchery in Dinnyes', Hungary
{reproduced from Huet 1972).
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Fig. 2.8



Fig. 29. Baked clay vessels serving
as a carp hatchery in a rural area
in India (reproduced from Central
Institute of Fisheries Education
1983). Fig. 2.10. Hatching jar with
water supply from above (repro-
duced from a photo taken at the
Fish Hatchery and Training Centre,
Raipur by aone of the authors).
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In a carp hatchery jar, the water inlet can be from below or above but the exit
is always at the top. The design of the jar would depend upon which type of inlet is
chosen. Ordinarily, however, hatchery jars with water supply from below are more
commonly used, The hatchery jars with water supply from below can be of diverse
volumes and shapes. The shape may vary from plain cylindrical contour to a funnel,
conical or barrel shape. The material can be clear glass or clear plastic. Baked clay
vessels can also be used which, though cheap and easily replaceable {also somewhat
porous and hence cool due to surface evaporation) have the disadvantage of being
opaque (Fig. 2.9). The volume of individual hatching jars may vary from 1 liter to
200 liters. A one-liter jar has the capacity to hold 100,000 water-hardened swollen
carp eggs. ‘

In a hatching jar with water supply from above, each hatching jar needs a water
inlet duct (Fig. 2.10) going down to the jar bottom which must have a round shape.
On hitting the bottom of the jar, the water is reflected up into the jar creating a
current in which eggs keep bobbing up and down as they develop.

(1) Round Earth pot (10) Net

(2) Valve {(11) Container 2
{3) Brick stand (12) Overflow pipe
(4) Rubber tube

(5) Metal tube

(6) Bamboo rod [
(7) Round mesh net
(8) Container 1

(9) Spout

Inlet pipe —————»

Plastic jar

45 6 7 8 9 0 N 12 - Pipe

Water supply ———+

Jar bottom

Fig. 2.10

The hatching jars, of which normally dozens are required in a hatchery depend-
ing on its capacity, are usually fitted into holes made atop a rectangular table in
rows of twos such that a common central conduit can receive water discharged
through the outlets of the jars of each row (Fig. 2.11). The conduits discharge into
one or more hatchling holding tanks (Fig. 2.12) into hapas (a showering arrangement
may be added over the hapas to enhance aeration). Fig. 2.13 presents an overall view
of a glass jar hatchery containing hatching jars with water supply from below.

FUNNEL-SHAPED HATCHERY DEVICES

In yet another hatching arrangement, soft material like nylon or canvas is used
to prepare funnel-shaped, immersed type of incubators (Fig. 2.14) which are installed
in rectangular twin basins with water entering each incubator from the bottom. The
water supply line, with taps fixed on both sides, is placed on top of the dividing wall
(Fig. 2.15). The distance between taps may be about 60 cm. The supply line may be
of 5 cm diameter for 20 taps and 7.5 cm wide for more than 20 taps. The twin
basins may be 6-8 m long, 70 cm wide and about 1 m deep and have a turn-down
pipe at one end to regulate the water level,
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Holes for placing hatching jars
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0. 0.0 0. _0l® . C<
EJO“‘O“‘O"O"”"O“"@'"Ci"'c

Overhead tanks

[

'

[

[} ]

Table top 1 :

P

ot

[}

[

Hatchling holding Fig. 2.12 i
iy - tanks I

Fig. 2.11, Placement of hatching
jars in rows of two atop a rectan-
gular table with a common conduit
from jars from each row (reproduced
from Bhowmick 1978). Fig. 2.12,
Glass jar hatchery showing drainage
from hatching jars through a com-
mon conduit into a hatchling hold-
ing tank with shower arrangement
(reproduced from Bhowmick 1978).
Fig. 2.13. An overall view of a glass
jar hatchery at Cuttack India {re-
produced from Bhowmick 1978).
Fig. 2.14, Funnel-shaped hatching
device {reproduced from Woynaro-
vich and Horvath 1980). Fig. 2.15.
Schematic diagram of a low density
polyethylene made six-incubator
hatchery unit (reproduced with the
permission of Sinter Plast Con-
is tainers, Bombay).
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Fig. 2.16. Hatchery equipment
made of low density polyethylene
material showing portable hatchery
jars and hatchling containers among
others (reproduced with the permis-
sion of Sinter Plast Containers,
Bombay).

Fig. 2.17. General view of a modern
“Dwivedi’’ carp hatchery operating
at Khutela Bhata Fish Seed Farm,
Madhya Pradesh, India (reproduced
from Central Institute of Fisheries
Education 1979-1980).
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“DWIVEDI-DESIGNED” HATCHERY OF LOW DENSITY
POLYETHYLENE MATERIAL

Dr. S.N. Dwivedi of the Central Institute of Fisheries Education, Bombay,
has developed a 6-, 12- or 24-hatchery jar (Fig. 2.16)" portable modern carp hatch-
ery, all water-holding components of which are made of translucent low density
polyethylene material called Sintex (sinter plast containers). The advantages of the
material are that each item is molded in one piece without seams or welds. In addi-
tion, the material is strong, does not corrode, requires little maintenance, is light-
weight and easy to install, clean and move. This carp hatchery consists essentially
of a breeding and a hatching unit. The breeding unit comprises a cooling tower, large
pools with spray shower and a water circulatory system. The system furnishes clear,
cool, highly oxygenated water with a gentle current from which metabolites are
continually removed. The hatchery unit comprises vertical hatching jars each of 40-
liter capacity through which flow filtered water with an oxygen content of 7-9 ppm
at 27°C. Both the units are installed in an air-conditioned room (Fig. 2.17). The
hatchery provides a high degree of structural flexibility and as breeding and hatching
systems evolve and become more efficient, alterations are easy to effect, which is
not conveniently possible in reinforced concrete systems.

10btainable from: 18 World Trade Centre, Cuffe Parade Bombay 400005 (india) Cable Address: ROTO-
PLAST.
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For operating hatching jars having water supply from above, jar tank units
(Fig. 2.18) may be installed. A jar tank unit consists of a rectangular brickwork
cemented tank (4 m x 1 m x 3/4 m) to hold about 3,000 liters of water. Over the
brickwork cemented tank may be placed planks in pairs to support a certain num-
ber of hatchery jars also arranged in pairs, with a discharge arrangement into the
brickwork cemented tank located directly below the wooden planks (Figs. 2.19 and
2.20).

The various hatching methods described above have their own merits, demerits
and limitations. These are mentioned in Table 2.5 in a comparative manner.

-t Overflow
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Fig. 2.18. Plastic hatching jars
with water supply from above at
the Raipur Carp Hatchery, Noak-
hali, Bangladesh (reproduced from
a photo by one of the authors).
Fig. 2.19. Side section of a jar-
hatchery at the Raipur Carp Hatch-
ery (from Snell et al. 1979). Fig.
2.20. A cemented hatchery tank
located directly below the hatching
jars at the Raipur Carp Hatchery
{from Snell et al. 1979},



Table 2.5. Merits and demerits of different hatching methods.
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Hatching Method

Merits and Limitations

Demerits

Double-walled hatching cloth
hapa installed in still-water
ponds

Funnel-shaped canvas hatching
devices provided with flowing
water

Jars with flowing water supply
from below

Jars with flowing water supply
from above

Circular cemented tank with
running water supply

. Useful for hatching relatively small number of

egas.

. Separates egg shells from hatchlings very

effectively.

. Small-scale hatching operations are possible.

. Water quality can be controlled,

. Can be of diverse volumes and hence adapt-

able to large-scale operation.

. Eggs and larvae are subject to view and

easy examination,

. Do not require much water,
. Of simple design and less expensive,
. Water quality can be controlled,

. Same merits as in respect of jars with water

supply from below,

. Adaptable to large- or very large-scale

operation.

. Within limited space, provides effect of some

aspects of riverine environment which is the
natural habitat of cerp,

. Distribution of oxygen in centrifugal flow of

water uniform hence hatching is more effec-
tive.

. Water quality can be controlled,

. Additional geration within pool possible.

Combines functions of breeding, hatching
and larvae rearing tank,

i
|
t

. Water quality cannot be cbntrolled, exposed

to outside environmental eol;lditions which may
lead to mortality. |

i
i
H

. Fish from water outside the hapa can suck or

otherwise damage and even destroy eggs and
hatchlings—through the hapa wall.

. Needs frequent replacement because cloth sub-

merged in water gets spoiled.%

1

. There is a limitation as to volume of individual

funnel.

. Developing eggs are not subject to view and

easy examination,

. Discarded egg shells and !\atchlings remain

mixed up in the same space. 1

. There is a limit to magnitude of operation,

. Need constant vigil and care. :

. If made of transparent planﬁc, may, with use,

become translucent and opaque and then
would need replacement. !

. Can bresgk if made of glass uniess of non-break-

able glass which is very expensive.

. Of complex design and expensive.
. Need constant vigil and care.

. 1f made of transparent plastic, may, with use,

become translucent and opaque and hence
would need replacement.

t
. Can bresk if made of glass, unless of unbreak-

able glass which is very expensive.

. Hatchlings are cut off from din‘[‘ect view.

. Requires large quantity of w‘jater for effective

functioning. :

. Monitoring of fertilization and hatching not

possible.

t
i

. Defects in levelling in the drai:ning system espe-

cially links with hatching tanks are impossible
to repair without dismantling the brickwork.

[

. Separation of egg shells fromg hatchlings cum-

bersome and not very effective,

. Expensive to install.

. Not portable.

Continued
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Table 2.5. (cantinued)

Hatching Method Merits and Limitations Demerits
7. Lends itsslf to modular design.
8. Care-free automatic opseration with no special
vigil required to watch oparation,
Rectangular cemented tank 1. Adaptable to large- or very large-scale 1. Requires large quantity of water.
with running water operation.
2, Monitoring of extent of fertilization and
2. Providas some aspects of riverine conditions. hatching not possibla.
3. Distribution of oxygan not uniform because 3. Defects In levelling in drainage systam re-
of dead areas at curves or angles, hence, not quires dismantling to repair.
very effective in hatching operations,
4, Separation of egg shells from hatchlings not
4, Water quality can be controlled. possibie, ’
5. Additional aanjaﬂdn within pool possible but 6, Relative to circular tank less expensive to
not very effsctive because of shape, install,
6. Not portable.
7. Does not lend itsalf to modular deslgn very
effectively because of shaps.
‘Low dansity polyethylene 1. Adsaptable to large-scals operation but not 1. The only drawbai:k is that it cannot lend
hatching system—“Dwivedi” to very large-scale Gparation, itself to very large-scale opsration. .
hatchery
2, Water quality can be controlled, 2. Requires vlgll_and care to opserate.
3. Providas some aspects of riverine conditions.
4. Distribution of oxygan uniform, hence,
hatching effective,
5. Additional aeration possible.
6. Extremely easy to repair and mend without
dismantling anything.
7. Not expensive to install.

Operational Procedures of a Hatchery Proper

Whether the table-top kind or jar-tank kind, the hatchery proper still remains a
small-scale unit. For large-scale commercial production of carp seed, a system com-
prising the ante- or holding tanks and circular tanks, combining the functions of
spawning, hatching and fry rearing tank in one, is the best and most effective system

so far developed.

The following operational procedures are to be observed for managing these

two tank types systems:

1. Before releasing any broodfish, the ante-tank should be filled with pond
water and an antiseptic substance like potassium permanganate or acriflavin added.

2. To prevent broodfish from jumping out, the ante-tank should be covered
with netting having heavy weights (like seine-net-sinkers).

3. Only filtered, clear, cool, clean and oxygenated water at 27°C should be

used in circular tanks.
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4. Its water level and outflow should be controllable by operating turn-down
pipes. |

5. The rate of flow of water in the circular tank should be 30-45 liters per
minute,

6. There should be a net cover with sinker-like weights for the breeding
tank which should be used to cover the tank after the broodfish have been injected
and released in it.

7. To safeguard against unexpectedly early breeding after iﬁjection (or
occasionally even without injection) screens should be put in position

8. After spawning has taken place, a circular air diffuser should be installed
at the base outside the screen and air from compressor or blower bubbled to keep

the screen free from eggs.

9. Spawners must be removed from the circular tank after eggs have been
completely spawned. They may be given prophylactic treatment in a)nte-tanks
before releasing in a broodfish pond or spent fish pond for possible subsequent
maturity, |

10.  After hatching has occurred, the rate of flow of water through the cir-
cular tank should be increased to 45-50 liters per minute and a 6-8 mm meshed
nylon net stretched across the tank in a slanting position to collect the discarded egg
shells. The nylon net should be retrieved every few minutes to collect cast-off egg
shells. |
11.  If the clogging caused by egg shell bits is not remedied, the central screen
fitted into the drain should be carefully replaced by a new one.

12.  The hatchlings may be left in the circular tank for four days|if a second
shift of egg nursing is not to be undertaken. If a second shift is to be undertaken
within this period, then the hatchlings should be seined off and removed to the
ante-tank.

13. Itis essential to periodically brush and hose-wash the screen and keep it
completely clean after it has been used once in a breeding tank for a fea continuous
days.

Larvae Rearing Tank: 1f the breeding tank is not to be used as a hatching tank
and for further rearing as a larvae rearing tank, then the eggs have to be transferred
from breeding tank to the hatching tank, and later the hatchlings have {o be trans-
ferred to larvae rearing tanks before either their packing for transport dr for stocking
into nurseries for further rearing into fry.

Mention has been made of a modular type of design in which circ&lar breeding
tanks may automatically lead to circular hatching tanks. In this design, the latter
may also be made to lead to larvae rearing tanks (Fig. 2.6).

This system can work very effectively if the relative levels and capacities of
breeding, hatching and larvae rearing tanks are correctly adjusted, but this is often
difficult to achieve in a practical hatchery. }

When the fry stage has been reached, i.e., after the yolk has been mostly
absorbed and the young fish begin to require exogenous food, the young fish have to
be taken out of the hatchery. In some fish farms, the transfer from breeding tank or
hatchery jars or funnels to the larvae rearing pond for conditioning befdre transport
is automatically done. For automatic transfer of hatchlings to the rearing pond, the
outlets of the breeding tank have to lead to outdoor earthen nurseries in which
hapas are installed, '

If the conditioning and further rearing of the hatchlings is to be dane inside the
hatchery building, then suitable basins for larvae rearing have to be provided. A set
of 1.2 m x 1.2 m x 1.2 m basins may be made and hatchlings nursed thérein for
further development and growth,




