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PREFACE 

Farming of fishes and prawns in the coastal waters of India has been in vogue 
since about 300Q years. Though an old avocation, it apparently remained at a 
subsistence level, confined to a small extent of the water areas in the States of 
Kerala and West Bengal. 

The potentials of coastal aquaculture and the advantages of converting the 
vast derelict swamps and low-lying water bodies in the coastal zone into productive 
fish farms for increasing fish production were recognised only recently. This 
realisation paved way for a series of investigations and developmental activities 
in the field during the last decade. Technologies for systematic cultivation of fast 
growing and economically important species of finfishes, shellfishes and other 
edible organisms were soon developeed. Emerging thus, the coastal aquaculture 
is now reckoned as the most promising source of the future for steady supply of 
protein food for the ever increasing human population. 

The first Symposium exclusively on coastal aquaculture was held in 1970 in 
Baiigkok. It was organised by the Food and Agricultural Organisation of the 
United Nations in conjunction with the 14th Ssssion of the Indo-Pacific Fisheries 
Council's meeting. In December 1978, the Central Marine Fisheries Research 
Institute organised a ' Seminar on the role of small-scale fisheries and coastal 
aquaculture in integrated rural development' at Madras, whidi recommended, for 
the accelerated development of the field in view of its importance not only for 
augmenting fish production; but also in improving the rural economy and providing 
large-scale employment opportunities. 

The present Symposium on 'Coastal Aquaculture' was organised by the Marine 
Biological Association of India which is devoted to pronWJte the causes of marine 
sciences in the Indian Ocean region in general and in the Indian region in particular. 
It was held at Cochin, Kerala,' South India from 12th to 18th January, 1980. 
The main objectives of the Symposiiim were to promote and develop coastal 
aquaculture technologies by disseminating the knowledge and experiences gained, 
and modern technologies developed a^ong the scientists, technicians, extension 
workers, administrators, planners, farmers and industrialists through a review of its 
present status ; discussions on the technologies of culture of various organisms ; 
identification of major inputs required for research, development, farming and 
extension; production intensification by integrated crop-livestock-fish farming 
technologies; assessment of sbciai, economic and legal aspects and through 
linkages, co-ordination and cojiimunication among the national and international 
organisations involved in research, development and promotion of coastal 
aquaculture. 
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The Symposium was attended by 307 participants from India and 47 participants 
from 22 foreign countries, including the International, Governmental and non
governmental representatives. 

The Symposium was inaugurated on 12th January, 1980 by His Excellency 
Shri K. C. Abraham, Governor of Andhra Pradesh. Dr. E. G. Silas, President 
of the Marine Biological Association and General Convener of the Symposium 
welcomed the participants and the invitees. Dr. R. Raghu Prasad, Vice-President 
of the Association and the Assistant Director General (Fisheries) I.C.A.R'. 
described briefly the activities of the Association ^nd mentioned about the impor
tance of coastal aquaculture and the technological advances achieved in recent 
years. The participants were felicitated by the Worshipful Mayor of Cochin 
Shri K. Balachandran. Shri Philipose Thomas, District Collector of Emakulam 
spoke in his delightful and inimitable style, on the role of coastal aquaculture in 
improving the economy of artisans and landless labourers. The inaugural function 
was concluded with the vote of thanks by Dr. P. V. Ramachandran Nair, Secretary 
of the Association. 

The technical aspects of the Symposium were organised under 12 main Sessions, 
7 sectional Sessions and a Plenary Session. Abstracts of 324 papers contributed 
by the scientists, technologists and specialists from different countries formed the 
material for discussion. Bach of the main sessions, as well as the sectional sessions 
was conducted by a Chairman who was assisted by two Rapporteurs. The theme 
of the Session was introduced by a specialist in the form of a key-note address with 
a review of the concerned subject matter. This was followed by the presentation of 
papers by individual scientists and discussions thereon. The Session was concluded 
by a sum up of the sailent points of deliberations by the Chairman. In the 
Plenary Session, an overview of the Symposium summing up the reports of 
Sessional Chairmen was made and the recommendations were discussed and 
adopted. 

Dr. Patrick Sorgeloos of Artemia Reference Centre, State University, Ghent, 
Belgium ; Dr. Anand Prakash of the Department ôf Environment, Canada and 
Mr. R. Madhavan Nayar of M/s. Cochin Company, delivered special lectures on 
* Recent developments in Artemia culture', ' Bule mussel industry' and ' Strategy 
for coastal aquaculture development' respectively. An informational film on 
'Tilapia culture' was shown by Mr. Heine ofTilapia International Foundation, 
Belgium in the evening of 14th January, 1980. Another informational film on 
'Mariculture' was specially screened by the Central Marine Fisheries Research 
Institute for the benefit of the participants. 

An Exhibition on Coastal Aquaculture was arranged in the premises of the 
University of Cochin in conjunction with the Symposium for projecting the recent 
advances made and the on-going activities in the field. The Central Institute of 
Fisheries Technology, Cochin; the Central Institute of Fisheries Education, 
Bombay; the Central Marine Fisheries Research Institute, Cochin; the Marine 
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Products Export Development Authority, Cochin ; the Integrated Fisheries Project, 
Cochin; Department of Fisheries, Government of Kerala ; the Kerala Fisheries 
Corporation and Messers. Diwan Trades, Bombay, participated in the Exhibition. 

A detailed report on the deliberations of the Symposium on various recom
mendations made, will be published in the last Volume of the Proceedings. 

As announced earlier, the Association is publishing the papers and the abstracts 
presented at the Symposium and those accepted for publication by the Editorial 
Committee constituted for the purpose, as Proceedings of the Symposium in a 
series of volumes. The present volume, the first in the series, will deal with prawn 
culture and related aspects. The subsequent volumes containing the papers 
presented in other technical sessions will follow soon. 

Several persons and organisations have toiled for the successful conduct of the 
Symposium. I take this opportimity to express my gratitude to the Patrons, Members 
of the Association, the participants, the Authors of papers, the Sessional Chairmen, 
Rapporteurs, the Chairmen and Members of different Symposium Committees 
and all those involved in the organisation of the Symposium for their excellent 
co-operation and assistance. I sincerely thank the Indian Council of Agricultural 
Research, New Delhi for a token financial grant of Rs. 7,500 given in connection 
with the Symposium. 

E. G. SILAS 

General Convener 
Cochin, Symposium on Coastal Aquaculture 
25-2-1982. and 

President 
Marine Biological Association of India 
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RESEARCH PROGRESS IN THE CULTURE OF PENAEHJ PRAWNS 
ALONG THE COASTS OF INDIAN OCEAN AND INDO-PACIFIC 

M. S. MuTHU, M. KATHIRVEL, P. VEDAVYASA RAO AND N . N . PILLAI 

Central Marine Fisheries Research Institute, Cochin-682 018 

ABSTRACT 

A wsalth of information on different aspects of culture of penaeid prawns is continuously being 
made available in recent years as a result of active R&D programmes taken up by several organisations. 
A compilation of these information covering the areas such as breeding, rearing, seed production, nutri
tion and diseases of important species of penaeid prawns being cultured along the coasts around the 
Indian Ocean and Indo-Paciflc, is presented in this paper. This review would be useful to understand 
the present status of the culture of these prawns and to formulate future strategies. 

INTRODUCTION 

THE REGION covered in this review comprises 
of the tropical and sub-tropical belt 
extending from Long. 30°E to 150°W. Aqua-
culture, in countries such as Bangladesh, 
India, Indonesia, Thailand and Philippines 
located here, has been in vogue since time im
memorial. Among the different systems of 
aquaculture being developed and practised in 
the region at present, penaeid prawn culture is 
the most dynamic field receiving the attention 
of scientists, administrators, planners, indus
trialists and farmers. This interest is moti
vated mainly by factors such as sustaining 
market demands for the commodity, availability 
of suitable species and water resources and 
increasing awareness of the importance and 
the role ofthe system in improving the economy 
and generating employment opportunities in 
the coastal rural areas. 

Following the success achieved by Japan in 
controlled breeding and rearing of Penaeus 
{Marsupenaeus) japonicus, most of the countries 
in the region have turned their attention to 
developing prawn culture on sophisticated 
Hues. Consequently during the last 50 years. 

considerable progress has been achieved in the 
field and a wealth of information has been 
gathered on various aspects of penaeid prawn 
culture. The present paper attempts a review 
of the research and technological progress made 
particularly in the field of raising prawns in the 
grow-out systems, seed production, induced 
maturation and broodstock development, 
prawn nutrition and diseases. 

SPECIES CULTIVATED 

About 82 species, belonging to 8 genera of 
the family Penaeidae, which are either commer
cially exploited or possess potential economic 
value occur in the region. Of these, the species 
of penaeid prawns cultivated in the region 
belong mainly to the genera Penaeus and 
Metapenaeus. The important species and the 
countries where they are cultivated are given in 
Table 1. Among these prawns P. (M.) 
japonicus and P. {Fenneropenaeus) chinensis 
are sub-tropical species while the others are 
tropical. While all the species are found to be 
suitable for culture, the species belonging to 
Penaeus are preferred over those of Meta
penaeus as they grow to larger size and have 
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greater market demand. Among the species 
of Penaeus, P. {P.) monodon, the tiger prawn, 
is the most important as candidate species in 
view of its wider distribution, largest size, 
faster rate of growth, greater fecundity and 
relative hardiness. 

allowed to enter the culture fields during high 
tide and prevented from escaping during low 
tide by screens kept in the sluice gates. 
Harvesting is done during new moon and full 
moon phases with the help of sluice nets or 
traps. In this simple and inexpensive method 

TABLE 1. Important species ofpenaeid prawns cultivated along the coasts of Indian Ocean and Indo-Pacific 

Species Countries where 
cultivated 

Penaeus (Fenneropenaeus) chinensis (Osbeck) 
P. (Fenneropenaeus) indicus Milne Edwards 
P. {Fenneropenaeus) merguiensis De Man 
P. (Fenneropenaeus) penicillatus Alcock 
P. (Marsupenaeus) japonicus Bate 
P. (Melicertus) latisulcatus Kishinouye 
P. (Melicertus) marginatus Randall 
P. {Penaeus) semisulcatus De Haan 
P. (Penaeus) monodon Fabricius 

Metapenaeus dobsoni (Miers) 
M. monoceros (Fabricius) 
M. ensis (De Haan) 
M. bennettae Racek & Dall 
M. brevicornis (Milne Edwards) 
M. joyneri (Miers) 
M. stebbingi Nobili 
M. macleayi (Haswell) 

Korea, China 
India, Singapore 
S.E. Asia 
Taiwan 
Japan, Korea 
Japan, Australia 
Taiwan, Hawaii 
Taiwan, Thailand 
Bahrain, 

Kuwait, S.E. Asia 
India 
India 
S.E. Asia 
Australia 
India, Thailand 
Korea, Japan 
Bahrain, Kuwait 
Australia 

CULTURE PRACTICES 

The culture operations prevailing in the 
grow-out systems in the region could be con
veniently grouped under three categories, 
namely, extensive culture, semi-intensive culture 
and intensive culture. 

Extensive culture: Traditional methods of 
trapping and growing penaeid prawns along 
with fishes such as milkfish and mullets in 
brackishwater ponds and impoundments in 
the coastal areas is being practised in Bangla
desh, India, Indonesia, Malaysia, Philippines, 
Singapore, Thailand and Vietnam. In this 
form of culture the prawn seed which abound 

« in.the brackishwater creeks and estuaries are 

there is no control over the quality or quantity 
of seed stocked ; no efforts are made to control 
the predators and no supplementary feed is 
given. Yields varying from 45-1000 kg/ha/year 
are obtained by this method. 

In Thailand the tidal water is not taken in 
through the sluice gates but lifted into small 
enclosures along with the prawn seed by dragon 
wheels which prevent the large predatory fish 
from entering the ponds. After accumulating 
sufficient seed prawns in these nursery en
closures the water is treated with tea seed cake 
or derris root to selectively kill even the small 
fish which might have entered along with the 
prawn seed (Cook, 1976). Then the bun^s ,crf 
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the nursery enclosures are cut in places to allow 
the prawns to move into the surrounding large 
growing ponds. 

The recent trends in improving the yield from 
this type of culture relate mainly to adoption 
of better pond management principles. These 
involve careful preparation of the ponds for 
stocking by eradication of unwanted organisms 
in the ponds by tea seed cake and mahua oil 
cake (both containing saponin) or derris root 
powder (containing rotenone) ; application of 
organic and inorganic fertilizers to enhance the 
fertility of the ponds ; and supplemental stock
ing of the ponds with the seed of fast growing 
species such as P. (P.) monodon, P. (F.) indicus 
and P. (F.) merguiensis collected from the wild 
to improve the quality of the yield. 

Semi-intensive culture : In this method, the 
culture ponds are selectively stocked with fast 
growing species of Penaeus and are fed with 
artificial feeds. The water exchange through 
the sluice gates is only to maintain the water 
quality in the ponds and not for stocking 
purposes. 

In Japan, Taiwan and Korea, P. (M.) 
japonicus, P. {P.) monodon and P. (F.) chinensis 
respectively are grown in monoculture in 
earthern ponds. Hatchery reared seeds are 
stocked in earthern ponds which may have 
Concrete or brick walls, at stocking densities of 
15-20 prawns/m*. The ponds are well aerated 
either through perforated P.V.C. pipes laid on 
the bottom of the pond or through paddle 
wheels and other mechanical agitators. The 
prawns are also regularly fed with trash fish, 
clams or pelleted formula feeds. Yields varying 
from 2000-3000 kg/ha/year are obtained in 
commercial scale operation by this method. 
On an experimental basis, however, an yield 
as high as 4945 kg/ha was obtained in a culture 
operation extending over a period of 4J months 
in Taiwan. 

In India, Indonesia, Thailand, Philippines, 
Australia and Fiji selective stocking of P. 

(P.) monodon, P. (F.) merguiensis and P. (F.) 
indicus is being experimented in earthern ponds 
without aerating devices at stocking densities 
of 1-7 prawns/m* and encouraging results 
have been obtained. Yields of 1000-1185 
kg/ha/year have been achieved in India and 
Indonesia. Polyculture of different species 
of prawns with milkfish and mullets has also 
been tried in India. 

The results of experiments conducted on 
semi-intensive method of prawn culture in 
earthern ponds indicate that a stocking 
strategy with juveniles measuring 40-60 mm in 
size gives higher survival and production rate 
than stocking the field with post-larvae 
(10-15 mm size); short term cuhure operations 
of 2^-4 months duration has distinct advantage 
over the long term culture which often leads 
to poor survival and growth; prawns kept in 
growing ponds beyond 4 months are affected 
in many ways. The accumulation of metabolic 
wastes and unused food in the pond soil and 
the rapid growth of larval fishes that enter the 
pond along with the tidal waters leading to 
competition for food or predation, result in 
stunted growth and poor survival of the stocked 
prawns. Risk from diseases is also higher. 
Growth of prawns in the ponds is found to be 
inversely proportional to stocking density 
particularly when supplementary feeding is 
not resorted to in the culture operations. 
Since the market value of prawns is more for 
larger prawns it is better to stock a lesser 
number and obtain a greater size at harvest 
than to stock a larger number of prawns and 
get a slightly larger yield of small sized prawns 
which fetch lower price per unit weight. It is 
also found that without special aerating devices, 
the stocking density in natural ponds cannot be 
increased beyond 10 prawns per m^. 

Intensive culture: In Japan, high density 
culture of P. (M.) Japonicus was started in large 
concrete raceways fitted with double bottom, 
air lift circulation and continuous flow of sea 
water along with intensive feeding with clams • 
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and trash fish. However, the unused food and 
moults of prawns accumulating at the bottom 
^osed problems and led to the development of 
SOOOto 13,000 tonnes concrete circular self-clean
ing tanks by Shigueno (1975). These tanks are 
equipped with false bottom, central drain pipe 
and constant supply of fresh seawater which is 
sprayed into the tank in such a way that a 
circular motion is imparted to the water in the 
tank which drives the debris towards the middle 
of the tank from where they are evacuated 
through the central drain. P. (M.) japonicus 
is stocked in densities upto 125 prawns/m^ 
and fed with pelleted formula feeds. Harvests 
of 2.1 to 2.6 kg/m* of tank surface have been 
achieved after 6 months in this system. 

The construction of these specialised tanks 
and the logistics of providing such a large 
volume of running seawater and the complete 
dependence on pelletised feeds make this system 
highly capital investment and is found to be 
economical only in Japan where land and labour 
are costly and the live prawns command an 
unusually high market price as a luxury food. 
The high density culturing is also greatly 
vulnerable to diseases and large scale mortali
ties due to mechanical failures even for a short 
duration. 

SEED PRODUCTION 

One of the basic requirements for proper 
planning of the culture operations entails 
availability of quality prawn seed as and when 
required by the culturists. The distribution 
pattern and abundance of prawn seed in the 
coastal lagoons, estuaries and brackishwater 
areas exhibit wide fluctuation. In fact inade
quate supply of prawn seed forms a major 
constraint in the development of prawn culture 
in the brackishwater ponds in Indonesia, 
Philippines, Thailand and India. To over
come this, hatchery propagation of penaeid 
prawns under controlled conditions has been 
perfected in Japan, Korea and Taiwan and is 

being developed in other countries of the region 
such as Philippines, Indonesia, Australia, 
Thailand, Hawaii, Tahiti, Malaysia, India, 
Bahrain and Kuwait. 

The larval rearing system which was deve
loped by Fujinaga and his associates in Japan 
over a period of 30 years has undergone several 
changes (Fujinaga, 1969). During 1933-1964, 
the larvae were grown indoors in porcelain 
tiled tanks and fed with separately grown pure 
cultures of Skeletonema costatum in the proto-
zoea stage and with Artemia nauplii in the mysis 
stage, and finely chopped clam meat in the 
postlarval stages. In 1964, Kittaka started fry 
production in large out door concrete tanks of 
50-200 tons capacity. The basic principle of 
this * Community culture' method is to rear 
the larvae along with food organisms in the 
same tank by proper management of nutrient 
concentration, vigorous aeration and control of 
light intensity. This system of larval rearing 
is now adopted in many hatcheries in Japan 
to produce several hundreds of millions of fry 
annually. The method although involves 
relatively less labour and operational cost, is 
dependent on a ready supply of large volumes 
of good seawater. Further, when the sun light 
is poor the diatom bloom may not develop or 
the diatoms which develop may not be suitable 
as feed for the larvae, and this often results in 
poor survival of the larvae. To compensate 
the poor growth of diatoms finely powdered 
Soycake (Hirata et al., 1975) or compounded 
feed is added @ 1.5 g per 10,000 larvae. How
ever, the difficulties encountered in maintaining 
sustainable diatom blooms and good quality 
rearing water often hamper the hatchery opera
tion. Hence in recent years (since 1974) there 
is a revival of interest in the earlier system of 
growing the larvae and the feed organisms 
separately under more rigorously controlled 
conditions. Besides Japan, several countries 
in the region have developed technologies for 
mass production of prawn seed (Table 2). 
While commercial scale hatcheries are opened 
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for only a few species such as P. (M.) Japonicus 
and P. (P.) monodon, they are still in an experi
mental stage for several species as seen in the 
Table 2. 

low-cost technologies for adoption at the village 
level by using smaller containers and substi
tuting the expensive Artemia nauplii with other 
cheaper food organisms such as Brachionus, 

The recent trend in the mass production of Moina and nematodes, for feeding the mysis 
penaeid prawn seed in the region is to develop stage larvae. The experiments using blended 

TABLE 2. Countries in tfte Indian Ocean and Indo-faclfie region 
where mass production of penaeid prawn seed is developed 

Country 

Australia 

China 
(Main land) 

Hawaii 

India 

Indonesia 

Japan 

Korea 

Malaysia 

Philippines 

Tahiti 

Taiwan 

Thailand 

Species 

P. (Af.) latisulcatus 

P. (K) chinensis 

P. (Af.) marginatus 

P. (P.) monodon 
P. (K) indicus 
p. (F.) merguiensis 
P. (P.) semisulcatus 
M. dobsoni 
M. monoceros 
Af. afflnis 
Parapenaeopsis stylifera 

P. (F.) merguiensis 

P. (M.) Japonicus 

P. (K) cliinensis 
M-joyneri 

P. (.P.) monodon 
M. ensis 

P. (P.) monodon 
P. (F.) merguiensis 

P. (P.) monodon 
P. (K) merguiensis 

P. (P.) monodon 
P. (.M.) japonicus 
P. (P.) semisulcatus 
M. ensis 
M. joyneri 

P. (F.) merguiensis 
P. (P.) semisulcatus 
P. (P.) monodon 

Production level 

commercial 

experimental 

experimental 

experimental 
experimental 
experimental 
experimental 
experimental 
experimental 
experimental 
experimental 

experimental 

commercial 

commercial 
experimental 

experimental 
experimental 

commercial 
experimental 

commercial 
commercial 

commercial 
experimental 
experimental 
experimental 
experimental 

experimental 
experimental 
experimental 

Source 

Pownall (1974) 

Ryther (1979) 

Gopalakrishnan (1977) 

C M F R I 

Anon. (1976) 

Shigueno (1975) 

Kim (1967) 
Lee & Lee (1969) 

Anon. (1973) 

Platon (1978) 

AQUACOP(1977) 

Liao (1977) 

Liao and Huang (1973) 

Ruangpanit (1971) 
Kungvankij el al. (1972) 
Kungvankij (1976) 

- • 
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wet tissues of Acetes and mysids (Hameed Ali, 
1980), powdered Soycake (Hirata et ah, 1975), 
fermented kitchen waste (Motoh, 1978) and 
powdered and micro-encapsulated clam meat 
(Jones et al., 1979) for feeding the protozoea 
stages are aimed at replacing the diatoms and 
algae with more easily prepared feeds. To 
overcome the difficulties encountered in syn
chronising the production of diatoms with the 
development of the larval stages, attempts are 
being made to concentrate the cultured phyto-
plankton by centrifuging or flocculation and 
preserve them either by deep freezing with 
10% glycerol as cryoprotectant or simply by 
sundrying. Experiments in the SEAFDEC, 
Philippines have proved that the protozoeal 
stages can be grown on frozen and sundried 
Tetraselmis and Chaetoceros (Anon, 1977). 

MATURATION OF PRAWNS IN CAPTIVITY 

Maturation under controlled conditions 
Steady supply of spawners is an essential pre

requisite for effective planning of the hatchery 
operations. In Japan, procuring spawners 
poses no problems as there is a well organised 
system for capturing and transporting P. 
(M.) Japonicus alive to the market in ship-board 
tanks with running seawater. But in all other 
countries of the region getting spawners for 
the hatchery is very expensive and uncertain. 
To overcome this problem intensive studies are 
being conducted in Japan, Philippines, 
Indonesia, Tahiti and India to induce prawns 
to attain full maturity in captivity and to main
tain a broodstock. P. (M.) japonicus is 
reported to have been maintained in captivity 
for many generations in Japan. In Taiwan, 
tank reared P. (P.) monodon (Liao, 1977) and 
P. (F.) penicillatus (Liao, 1973) are reported 
to have attained maturity and spawned success
fully without any special treatment. At the 
SEAFDEC in Philippines, P. (P.) monodon 
reared in 120 ton tanks with flow through 

• system and M with mussel meat have attained 

maturity and spawned (Primavera et al., 1978). 
In China, Ryther (1979) reports that P. (F.) 
chinensis matures routinely in captivity while 
in Tahiti AQUACOP (1975, 1979) has 
developed mature captive broodstocks of P. 
(F.) merguiensis, P. (M.) japonicus, P. (Lito-
penaeus) vannamei, P. (L.) stylirostris and 
M. ensis in 4 ra diameter tanks fed with running 
seawater through perforated concentric P.V.C. 
pipes embedded in gravel and coral sand at the 
bottom and drained through a central drain 
pipe. The prawns were fed with compounded 
diets. In Fiji, natural reproduction of P. (F.) 
merguiensis in 0.2 ha seawater ponds stocked 
with adults led to the production of 50,000 
postlarvae (Lichatowich et al., 1978). 

Induced maturation 
Eyestalk ablation technique which interferes 

with the endocrine control of maturation pro
cess of the ovary, has been developed to induce 
prawns to mature in captivity. Induced 
maturation and subsequent spawning of P. 
(F.) merguiensis through bilateral eyestalk 
ablation has been reported by Alikunhi et al. 
(1976) from Indonesia. However, in recent 
years, unilateral eyestalk ablation has been 
successfully used to induce P. (P.) monodon 
to mature in captivity at Tahiti (AQUACOP, 
1977) and in Philippines where the experiments 
were conducted in the net lined bamboo en
closures erected in protected bays (Wear and 
Santiago, 1976; Santiago, 1977; Rodriguez, 
1978), in concrete 120 ton indoor tanks with 
flowthrough system (Primavera et al., 1978) 
and in circular 12 ton ferrocement tanks con
structed on the AQUACOP model (Primavera, 
1978 ; Tolosa, 1978); the prawns were fed with 
fresh or salted flesh of the brown mussel 
{Modiolus metacalfi). In the Prawn Culture 
Laboratory of the Central Marine Fisheries 
Reseasch Institute (CMFRI) at Narakkal,P. (F.) 
indicus, P. (P.) monodon, M. dobsoni and 
Parapenaeopsis stylifera have been induced 
through unilateral eyestalk ablation to mature 
and remature in 10 ton capacity circular 
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plastic lined tanks, fitted with submerged 
biological filters operated by air lifts (Muthu 
and Laxrainarayana, 1979). Detailed studies 
on the neurosecretion and endocrine control 
of gonadial maturation of penaid prawns are 
being carried out in Japan and India 
(Nakamura, 1974; Kulkarni and Naga-
bhushanam, 1980). 

RECENT ADVANCES IN NIFTRITIONAL 
RESEARCH 

Food is normally the largest single item in 
the running expenditure of a prawn farm 
employing semi-intensive or intensive culture 
methods. Appropriately enough the major 
studies on prawn nutrition have been done in 
Japan on P. (M.) japonicus. These investi
gations mainly related to the relative merits 
of the paste and pelletised diet (Kitabayashi 
et ah, 1971) and determination of protein level 
and aminoacid composition required for 
optimum growth (Deshimaru and Shigueno^ 
1972). Contrary to the high protein levels 
(50-65 %) required by P. {M.) japonicus, Colvin 
(1976) found that in P. (P.) monodon and P. 
(F.) indicus the optimum dietary protein level 
was 45.8 % and 43 % respectively and that any 
increase in protein levels above these values 
does not result in proportionate increase in 
growth rate. 

The research results indicated that the amino
acid composition of the best protein source 
(clam meat and squid meat) for P. (M.) japonicus 
closely resembled the aminoacid profile of the 
prawn meat (Deshimaru and Shigueno, 1972). 
Feeds containing a greater proportion of basic 
aminoacids like lysine and histidine were better 
than feeds containing a higher proportion of 
acidic aminoacids. However, soya bean is 
said to be good source of protein for penaeids 
(Kanazawa et al, 1970) although it is low in 
basic aminoacids and poor in methionine 
(Deshimaru and Shigueno, 1972). Diets 
containing pure aminoacids and peptides were 

found to be inferior to those with intact protein 
(Deshimaru and Kuroki, 1974 ; 1975 a, b). 
A basal diet supplemented with methionine 
(0.53%) and arginine (0.83%) gave better 
growth rates ; at higher concentrations, how
ever, the growth was inhibited (Kitabayashi 
et al, 1971 c, d). Free aminoacids also play 
a role in the palatability of fresh diets ; a tactile 
response is induced in the walking legs of P. 
(M.) japonicus by glutornic acid (Takei and Ai, 
1971). 

Recent studies on prawn nutrition have 
brought to light the importance of lipids 
(Deshimaru and Kuroki, 1974 a ; Guary et al., 
1974, 1975) phosphorus, calcium, vitamins 
(Kitabayashi, 1971 a, d) and sterols in the diets 
(Teshima and Kanazawa, 1971 ; Deshimaru and 
Kuroki, 1974). 

It is seen that most of the Japanese works 
are based on purified diets with an accent on 
discovering the dietary needs of prawns for 
various carbohydrates, proteins, aminoacids, 
fattyacids, sterols, vitamins and minerals and 
are fundamental to an understanding of prawn 
nutrition. Compounded pelleted feeds suitable 
for semi-intensive culture in ponds and intensive 
high density culture in large concrete tanks are 
produced by commercial firms in Japan, 
Taiwan, Korea and Philippines. Although 
the main ingredients are known, the proportion 
and method of processing are trade secrets. 
Squid meal, fish protein concentrates, wheat 
gluten, tuna testismeal, activated sludge, vitamin 
mix and mineral mix are some of the ingredients 
used in Japan in the diets. Shrimp meal as a 
protein source is said to increase the eSiciency 
of the diets ; in fact even 25% to 35% protein 
levels have given good results with P. (M.) 
japonicus when shrimp meal is used (Balazs 
et al, 1973). The high protein level of 50-65 % 
said to be necessary for P. (M.) japonicus by 
Japanese workers may be due to the fact that 
casein was generally used as the main protein 
source by them; casein may not be a suitable • 
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protein as its aminoacid composition is different 
from tlut of prawn meat. It is likely that by 
balancing the aminoacid composition of the 
diet by suitable inclusion of different protein 
sources such as shrimp meal, Soy bean meal and 
^oundnut cake, an efficient diet with low 
protein levels around 30 % could be formulated. 
In India inclusion of powdered squilla meal 
(All, 1980) or slaughter house waste (Verghese 
and Singh, 1979) in compounded diets have 
yielded good resuUs. 

STUDIES ON DISEASES OF CULTURED 
PENAEID PRAWNS 

Very little work on penaeid prawn diseases 
has been done in this region. With the intro
duction of high density culture of P. (M.) 
Japonicus in concrete tanks in Japan, mortalities 
du^ to bacterial and fungal diseases came to 
light. Egusa and Ueda (1972) and Fukuyo 
and Egusa (1974) identified the fungus Fusarium 
soloni as the causative agent for the blackgill 
disease in pond reared P, (Af.) japonicus. 
Severely infected gills collapse and shrink and 
the prawns die within two weeks. Four 
different types of pathogenic bacteria identified 
as Vibrio spp. were isolated from the blood and 
liver of P. (M.) japonicus which died in the 
circular intensive culture tanks (Shigueno, 
1975); the basal part of the antenna, oviduct 
and seminal duct, the hepatic carina and the 
posterior border and lateral edges of the abdo
minal shells become blackened or whitened in 
the diseased individuals. Feeding the prawn 
with compounded feed mixed with sulfisozole, 
nifurstyreic acid and chloremphenicol cured 
the diseased prawns. In high density cultures 
another infectious gill disease caused by an 
unidentified bacterium has been discovered ; 
in the initial stages the colour of the gills is dull 
orange-yellow or light brown and turns black 
as the disease progresses (Shigueno, 1975). 
Immersion in 2-3 ppm furazolidone is recora-

• pended for treating the affected prawns. 

Two types of bacterial diseases decimated 
the larval population in the hatcheries at 
Kagoshima (Shigueno, 1975). In one, the 
mysis and postlarvae lost their appendages and 
died. In the other known as the ' white turbid 
liver disease' the midgut gland of the postlarvae 
become white and they floated inactively on the 
surface of the water. 

At the CMFRI three types of bacterial 
diseases of pond grown penaeids have been 
encountered. The most frequent disease is 
caused by Vibrio anguillarum and leads to 
emaciation and softening of the muscles and 
thinning of the cuticle. Reddening of the 
rostrum or telson leading to destruction of 
these organs and black cuticular lesions are 
caused by different pathogenic bacteria. In 
the course of larval rearing mass mortalities 
due to a bacterial infection was also encoun
tered ; the uropods, antennal scales and other 
appendages become eroded progressively re
sulting in the death of the larvae. 

In the SEAFDEC hatchery in Philip
pines, mass mortality of larvae due to a 
fungal disease caused by Lagenidium occurs 
frequently and furnace is being tried to control 
the larval infections. The AQUACOP team 
in Tahiti uses the antibiotic Gallymycein and 
the fungicide ' Treflan' to control infections 
during larval rearing. 

GENERAL REMARKS 

A perusal of the fisheries development pro
grammes of different countries in the region 
would reveal that the development of penaeid 
prawn culture is a field to which most of the 
countries have attached great importance. 
However, prawn culture is least developed on 
the east coast of Africa and the Persian Gulf 
region. A few studies on the nutrition of P. 
(P.) indicus in S. Africa and the experimental 
rearing of penaeid prawns in Bahrain and 
Kuwait mark the beginning of interest in 
penaeid prawn culture in this wea. 
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In India and the S.E. Asian region a great 
deal of interest is shown in expanding and 
improving the traditional extensive methods of 
pond culture. The yield of prawns in com
mercial culture operations in this system is 
found varying from 0.3 tonnes to over 2 tonnes/ 
ha/year although achievement of a production 
rate of 35 tonnes/ha/year in experimental 
farming is on the records of literature. This 
indicates that the technology needs further 
perfection and the production system needs 
further improvements. 

While the development of hatchery system 
for prawn seed production, formulation of 
efficient compounded diets, monitoring of the 
stocked prawns in the field, control of diseases 
in the hatcheries and grow-out ponds and per-
fiection of pond management principles are 
some of the fields in which active researches are 
being pursued in the region, there are several 
areas which need intensive studies and experi
mentation. One of the information often 
elicited relates to the minimum size of an 
economically viable ponds. The relationship 
between growth, survival, incidence of diseases, 
feeding efficiency, production rate of prawns 
and the size of the pond has not been clearly 
elucidated. In the context of development of 
prawn culture in small holdings with minimum 
inputs, investigations on this aspect has 
become an urgent necessity. Similarly, it is 
essential that a scientific basis for determi
nation of stocking rate on a set of parameters 
of the conditions prevailing in the pond is 
evolved. At present, the stocking density rate 
ranges from 20,000/ha in simple culture opera
tions carried out without using supplementary 
feeding to several hundred thousands per ha in 
intensive and controlled systems with supple
mentary feeding. But the basis on which such 
stocking rates are arrived at is seldom indi
cated. 

Several interactive variable factors prevailing 
in the rearing medium in hatcheries and in the 
pond may affect the growth, survival, quality 

and production of prawns. While there is 
fairly good knowledge of the requirements of 
abiotic factors such as temperature, salinity 
and dissolved oxygen for the growth and 
survival of the important cultivable species of 
prawns, very little information is available on 
the role of various dissolved substances such as 
Ammonia, Nitrate, Nitrite, Carbon, Sulphur, 
Phosphorus, Calcium, Magnesium, Sodium. 
Chloride, Floride and Silicate in the rearing 
media of larvae and in the pond soil and 
their fluctuations on the well-being of 
prawns. Another aspect which needs further 
investigation is the rational application of 
supplementary feed in the fields when water 
exchange is through tidal currents and self-
generating natural food is available to some 
extent to the stocked prawns. It is also essen
tial that researches are intensified to develop 
low-cost feeds utilising plant proteins and 
vegetable wastes. 

Documented studies on economics of prawn 
culture operations are scarce. Although, the 
culture operation is linked with and dependent 
on several factors such as the site, seed, feed, 
labour, the infrastructure facilities available 
and the socio-economic conditions of the place, 
it is imperative that reliable information on this 
aspect is made available to evaluate and pro
pagate the system. 

In an attempt to extend and establish prawn 
culture, efforts are made to introduce suitable 
species and to develop a stock for further pro
pagation. Thus, exotic species of penaeid 
prawns are introduced into the Polynesian 
Islands where native cultivable species of prawns 
are not found. In recent years, Japan is 
endeavouring to develop ' Ocean ranching' by 
releasing large number of hatchery grown post-
larvae (7-9 mm long) of P. (M.) japonicus 
on specially constructed artificial tide-lands 
from where they migrate to the sea and grow to 
commercial size to be caught by the fishing 
vessels. • 
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The foregoing account outlines the trend of 
progress of research in penaeid prawn culture 
in the region during the past few years. It also 
indicates that the field is beset with many pro

blems which call for intensive studies and 
concerted developmental, training and exten
sion inputs to reap the maximum benefits. 
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STATUS OF PENAEID SHRIMP FARMING IN THE U. S. A. 

RICHARD A. NEAL 

U. S. Agency for International Development, State Department, 
Washington D.C, 20523, U. S. A. 

ABSTRACT 

Following an initial flurry of commercial shrimp farming trials in the U.S. all efforts to rear penaeid 
shrimp except one have failed economically and have stopped their operations. This discouraging 
situation following on the heels of about 10 years of intensive research and commercial development 
activity doss not warrant an optimistic view of future U.S. shrimp farming prospects. Fortunately, this 
is neither the complete story nor the end of the story. U.S. commercial efforts have been closely tied 
to Central American shrimp farming activities in which some signs of profitability are visible. Also, 
research programmes are still under way, both in the U.S. and elsewhere, which continue to improve the 
technology for intensive culture of penaeid shrimp. Major advances in maturation and spawning, 
nutrition, and disease control have been made in recent years. Factors affecting the costs of harvesting 
wild shrimp (e.g. fuel costs) may influence prices of shrimp. 

A brief analysis is presented of the basic reasons for failures of commercial efforts in the U.S. for the 
benefit of individuals considering similar ventures in the near future. Consideration is also given to the 
question of whether technology can be improved to the point that culture is profitable in the U.S. 
A comparison is made between penaeid shrimp farming and the farming of other high priced species 
such as trout presently being raised successfully in the U.S. 

In conclusion the author addresses the issue of whether the U.S. experience with intensive culture 
of shrimp should be considered unique or whether the experience gained has important applications in 
other locations. 

INTRODUCTION efforts in the U.S. will be of considerable 
interest. 

THE STATUS of penaeid shrimp farming in the 
U.S. might be dealt with very quickly by saying BACKGROUND 

that many attempts at commercial culture have Following scientific advances with penaeid 
been made, nearly all have failed and there is, snrimp culture in Japan, the U.S. and elsewhere 
therefore, no future for shrimp farming in the during the 1960's several commercial farming 
U.S. However, the story is not that simple, efforts were launched in the U.S. Most of these 
and in fact, the end of the story cannot yet be were initiated in either the late 1960's or the 
told. Interest in U.S. shrimp farming efforts early 1970's and all but one have discontinued 
by aquaculturists in other countries is centered operations in the U.S. The U.S. efforts cannot 
upon the relationships between technical and be viewed independently from those in Central 
business aspects in the U.S. and in their own America because some firms shifted from U.S--
countries. From this viewpoint the U.S. based pilot scale operations to participation in 
experience is important to shrimp farmers Latin American farming ventures, and some 
around the world and the future commercial U.S. firms chose to begin operations in CeiUrjd 
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America. Several of the Central American 
based firms have continued to operate and have 
played a major role in the improvement of 
&lirimp farming technology. They are using 
technically sophisticated methods in their 
hatcheries, feed manufacture, disease control, 
and in maturation of captive broodstock. 

A set of interacting factors made shrimp 
farming unprofitable in the U.S. in the 1970's. 
The principal factors were: the high cost of 
coastal land, the high cost of labour, the short 
growing season in ponds on the U.S. mainland, 
regulatory proWems (e.g. eflEluent restrictions 
and limitations on use of public waters), poor 
growth of native U.S. shrimp species, poor food 
conversion with cominercially available diets, 
and lack of a capability to mature and spawn 
adults in captivity. The rearing of wild 
juveniles or their entrapment for culture has 
never been practiced in the U.S. because it is 
illegal and fishermen utilizing natural stocks 
would not consider changes in the regulations. 
Therefore, hatcheries have always been a part 
of the shrimp farming activity in the U.S. 
A few of these negative factors might have been 
overcome, but in combination they posed an 
insurmountable obstacle to profitable production. 

In spite of these problems, many investors 
and companies made the decision to go ahead 
with pilot or commercial scale trials. The 
price and market situation for penaeid shrimp 
provided a strong incentive, and U.S. investors 
were willing to take unusual risks in an attempt 
to become early participants in this new 
industry. In the early 1970's shrimp were 
being raised successfully in Japan for a speciality 
market and in Southeast Asia using tidal ponds 
and traditional methods. These successes 
encouraged Americans to believe they too could 
raise shirmp profitably. There were, of course, 
other investors who looked at the state of 
shrimp farming technology and decided not 
to invest at that time. 

Those firms that shifted their operations to 
Central America or that initiated production 

there were more successful than the U.S. pro
duction efforts. Some eff'orts failed and 
several were sold, nevertheless progress toward 
profitable production was better in Central 
America. 

An additional item of importance in the 
history of U.S. shrimp culture is the fact that a 
substantial part of the technological advances 
have been made by industrial groups. They 
have continuously refined their methods and 
conducted research oriented toward solving 
the problems encountered. A research base 
was provided by government and academic 
institutions in a number of countries and this 
research is continuing; however, major contri
butions have been made by corporations sup
porting the development effort and these contri
butions have been responsible for many of the 
significant advances in shrimp farming techno* 
logy. A few of the specialised techniques 
remain company ' secrets' for a year or two, 
but as personnel move from one firm to another 
the ' secrets' become general knowledge. 

PRESENT STATUS 

Only one of the firms which began commercial 
shrimp farming efforts in the U.S. is operating 
today. The firm still operating has managed to 
obtain funding to continue its operations 
although revenues from sales have been less 
than costs during every year of operation. 
The lack of commercial activity is not indicative 
of a lack of interest on the part of private and 
corporate investors and many interested parties 
are carefully watching the state of shrimp 
culture technology. Suitable land exists, in 
Texas for example, where penaeids can be 
raised during an 8-month period without 
heating the water. Tropical islands that are a 
part of the U.S. offer suitable temperatures 
throughout the year. The maJket situation 
for penaeid shrimp is probably more attractive 
today than it ever has been in the past with 
demand increasing but supplies for natural 
stocks stable. 
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Many of the constraints to commercial 
production in the U.S. still exist today, but 
some have been reduced. Non-native species 
have been accepted in the U.S. for at least 
experimental work and presumably for com
mercial production, commercial shrimp diets 
have been improved, adults of several species 
can be matured and spawned in captivity, and 
the general state-of-the-art has been improved 
in many small but significant ways. The ex
perience U.S. firms have gained through their 
Latin American partnerships could be utilized 
in future U.S. efforts aHhough generally 
favourable progress in Latin America is pro
bably an indication that firms presently active 
there will continue to work in Latin America. 

Research progress both in the U.S. and in 
many other countries is changing the level of 
biological and farming information available on 
penaeid shrimp. Progress on understanding 
nutritional requirements and development of 
feeds for all stages, description of environmental 
optima, inducement of maturation and spawn
ing in captivity, selection of species best suited 
for culture, treatment of diseases, management 
of growout systems, and development of inten
sive culture systems with controlled environ
ments has changed the technical status of shrimp 
farming considerably over the last 10 years. 

The final point, intensive culture systems, is 
of major importance to the future of shrimp 
farming in the U.S., in the author's opinion. 
Research in the U.S. coupled with pilot pro
duction work in Mexico have been instrumental 
in moving intensive shrimp farming technology 
rapidly toward the level of technology used for 
raceway production of trout in the U.S. The 
value of shrimp is roughly double that of trout 
and the technical difficulties encountered are 
not markedly different. Our experience with 
shrimp is considerably less, and background 
scientific knowledge available is much less. 
An important consideration is that temperature 
control in intensive systems, largely with solar 
heating can make year round culture possible 

in the southern U.S. The engineering aspects 
of environmental control have largely been 
resolved. A second major consideration is 
that intensive systems can be operated without 
either large labour or land requirements, thus 
removing two of the additional constraints to 
shrimp farming in the U.S. 

At least one commercial firm plans to begin 
shrimp production in the U.S. in the near future, 
and it is possible that a new phase of the tf.S. 
shrimp farming industry is bsginning. The 
author is predicting that profitable production 
of penaeids is in the not-too-distant future of 
the U.S. aquaculture industry and that highly 
intensive culture of shrimp will be the methodo
logy most profitable under U.S. conditions. " 

DISCUSSION 

The purpose of this paper is not only to brief 
interested persons on the status of U.S. shrimp 
farming, but to examine the U.S. experience 
carefully to determine what may be gained by 
other countries presently expanding their 
shrimp farming operations or entering the 
field for the first time. 

An important point is that many business
men and investors misjudged the profitability 
of shrimp farming. Even though careful con
sultation with biologists, engineers and epono-
mists preceded their business ventures, they 
Were unable to anticipate the seriousness of 
the problems encountered. 

A second point is that investors typically 
Wanted to establish their operation on a large 
scale rather than to conduct small-scale trials. 
The misconception prevailed that the firms 
entering the field early Would have competitive 
advantages. This has not been the case and 
much money was wasted on large-scale trials. 

A third point of importance is that our basic 
knowledge of penaeid shjrimp was and is poor. 
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Thus far in this paper penaeid shrimp have 
been discussed as a group; however, this group 
is composed of a large number of species with 
widely varying habits, environmental require
ments and foods. The species in this group 
are so different it has been suggested that an 
ecologically balanced polyculture could be 
developed using only a mix of penaeid shrimp 
species. It is essential to realise that results 
obtained With one species may not be replicable 
with a second species. The need for consider
able adaptive research should be anticipated 
in most locations if locally available species are 
to be used. Some clearly superior species 
for culture (e.g. Penaeus stylirostris and 
Penaeus monodon) are emerging from the many 
tested. 

A firm interested in intensive shrimp culture 
should be aWare of the fact that a great deal of 

research and pilot-scale testing has been com
pleted. Much of the resulting information is 
not published but is in the hands of individuals 
or companies who have conducted the trials. 
A comparison of methods used by firms pre
sently continuing their ventures (e.g. in Central 
America) with those used by firms that have 
failed is particularly informative. 

The distinction between animal husbandry 
(including aquaculture) with its many risks and 
an industrial or chemical process has not been 
grasped by many prospective investors in 
shrimp farming. Engineers or businessmen 
commonly have a poor understanding of the 
risks of disease, predation, the effects of Weather 
or other variables common to animal hus
bandry. Intensive shrimp culture in its present 
state is more risky than most other forms of 
animal husbandry. 
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INDUCED MATURATION OF PENAEID PRAWNS—A REVIEW 

M . S. MUTHU AND A . LAXMINARAYANA 

Central Marine Fisheries Research Institute, Coc/Hn-682018. 

ABSTRACT 

For hatchery production of psnaeld prawn seed a steady supply of spawners is essential for effec
tive planning of the operations. The uncertainty of procuring spawners from the wild has stimuhited 
world wide interest in the efforts to induce penaeid prawns to mature under controlled conditions. Tie 
methods employed, research results achieved and the constraints encountered are reviewed critically in 
this paper. 

INTRODUCTION 

WiiH the rapid expansion of panaeid prawn 
culture in many countries of the World, the 
need for producing large quantities of quality 
praWn seed under controlled conditions is 
keenly felt and hatchery systems are being 
developed. The biggest constraint in the hat
chery production of prawn seed is the non
availability of adequate number of spawners 
of the desired species as and when required. 
Apart from Japan where there is a Well orga
nised trade in the capture and transport of live 
adult Penaeus japonicus from the sea, the secu
ring of ripe spawners for the hatcheries is an 
uncertain and costly operation. Hence the 
highest priority in penaeid prawn culture re
search is given to Work on the reproduction of 
the prawns in captivity (Conte, 1978). Efforts 
have been made in the past 10 years to induce 
the penaeid praWns, which normally mature 
and spawn only in the sea, to attain maturity 
under captive conditions. These research 
eiforts are reviewed in this paper. 

The authors are grateful to Dr. E. G. Silas, 
Director, CMFRI, for his encouragement and 
guidance and to Shri K. H. Mohamed, 
Dr. M. J. George and Dr. P. Vedavyasa Rao, 
Senior Scientists, for going through the 

manuscript and oflfering valuable suggestions 
for improvement. 

MATURATION IN CAPTIVITY WITHOUT 
EYBSTALK ABLATION 

Although Metapenaeus bennette is known to 
breed in land locked coastal lakes (Morris and 
Bennett, 1952), the only report of natural re
production of a penaeid prawn in a man-made 
earthen pond is that of Lichatowich et al. 
(1978) who obtained 50,000 postlarvae of 
P. merguiensis from a 0.2 ha pond filled With 
seawater filtered through a nitex mesh and 
stocked with adult prawns of this species. 
Silas et al. (MS) who collected mature females 
of M. dobsoni from the brackishwater cultiure 
ponds of the PraWn Culture Laboratory, 
Narakkal, Cochin, during the summer months 
when the salinity was 28-29 ppt, have made 
them spawn successfully in the laboratory and 
have reared the larvae using the pond Water 
itself, thus proving that M. dobsoni can complete 
its life-cycle in the culture ponds during the 
high salinity months. However, no larvae 
have been collected from the pond itself so far. 

A few instances of natural maturation and 
spawning of unablated, captive P. monodon 
in seaWater ponds and tanks have been reported 
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by Chen (1976) and Liao (1977) from Taiwan, 
by Primavera et al. (1978) from the PhUippines, 
by AQUACOP (1979) from Tahiti. In Japan 
P. latisulcatus has spawned viable eggs in capti
vity Without eye ablation (Shdlcita, 1970). 
Ryther (1979) observed that in China P. orien-
talis routihely matures in captivity. Prima
vera (1978 b) mentioned that at the SEAFDEC 
laboratories P. merguiensis, P. indicus and 
Metapena&us spp. have attained natural matu
rity and spawned in 4 tonnes f&ooement tanks 
with running seawater facility. Patlan (1977, 
1978 a, b, c) reported that at the Galveston 
Laboratories in the U.S.A. success has been 
achieved in making unablated P. setiferus 
attain maturiy in circular tanks and raceways 
where the environmental parameters were 
rigidly controlled. Although many spawn
ings were, obtained the eggs were not ferti
lized as the females were not impregnated. 
Private prawn fanners in Central and South 
America are said to hav.e succeeded in matu
ring i*. vfl/fHame/ and P. stylirostris in seaWater 
ponds (Anon, 1977). The details of environ
mental conditions under which these results 
were obtained are not available. 

However, some well documented reports of 
natural maturatroti and spawning' of unablated 
penaeids in land-based maturation tanks aref 
available. Laubier and Laubier (1979) and 
Caubere et al. (1979) from France have made 
P. Japonicus mature and spaWn in large circular 
tanks with flowthrough seawater system, by 
step-wise increase of temperature and photo-
period. In Mexico, Moore et al. (1974) 
have obtained maturation and spawning of 
P. californianus in raceways covered with 
inflated polyethylene bubble canopy. AQUA-
COP (1975, 1977 b, 1979) jn Tahiti have-
succeeded in making/', merguiensis, P. japonicus, 
P. stylirostris, P. vannamei and M. ensis attain 
full maturity and spawn in circular fibreglass 
tanks with running seawater facility. At 
Conway in the U. K. Beard ef at. (1977) have 
reared many generations of P. merguierkts 
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in captivity in rectangular concrete tanks With 
subgravel filters. More details about these 
successful experiments are surnmarised in 
Table 1 and discussed in section 4 below. 

INDUCED MATURATION THROUGH 

EYBSTALK ABLATION 

In many groups of decapod crustaceans the 
removal of eyestalks that contain the X-organ-
sinus gland complex Which produces and stores 
gonad inhibiting harmones has become a well 
recognised technique for inducing gonadial 
maturation (Adiyodi and Adiyodi, 1970). The 
application of this method in penaeid prawns 
Was first started by Idyll <197l) and Caillpuet 
(1973) in the U.S.A. oa. Penaeus duorarum. 
Bilateral eyestalk removal was also tried by 
Amstein and Beard (1975) in the U. K. on 
P. monodon and P. orientalis, by AQUACOP 
(1975) in Tahiti on P. aztecus, by Santiago 
(19T7) in Philippines on P. monodom and 
by -Mutbu and Laxminarayana (1980) on 
P. indicus and P. nionodon. The results were 
identical in all these experiments : the initial 
mortality was very high but in the prawns that 
survived, full development of the gonadis was 
observed Within 5-14 days of'eyestalk removal;: 
however, spawning did n^t take place and the; 
ovaries regressed gradually and ,Uie prawns 
died within a month ; loss of balaofle and spiral 
swimming behaviour Were also observed. The 
present authors also found that the colour of 
the ovary of bilaterally ablated females was pale 
and never attained the dark olive green colour 
seen in wild spaWners. the only report of 
successful sJjaWiiittg of bilaterally ablated 
penaeid prawns is that of Alikunhi et al. 
(1976) from Indonesia Who stated that P. 
merguiensis and "P. moworfon spawned after 
bilateral eyestalk removal, the eggs of the 
fdnttfer species even developing into normal 
postlarvae while the eggs of the latter were 
unfertilized. 
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Purcmslet etal. (1975) using electron micros
cope to study the sequence of development of 
the oocytes in the ovary of bilaterally eyeabla-
ted and normal females of P. aztecus and 
P. setiferus, found that the process is identical 
in the experimental and normal individuals; 
but the ablated females after reaching full 
ovarian growth never spawned and the gonads 
regressed. Their most interesting observation, 
however, Was that, although the oocytes from 
ablated animals demonstrated normal growth, 
they did not undergo meiosis. Unfortunately 
this important point has not been elaborated 
by them. 

The high mortality and inability of the females 
to spawn after bilateral removal of eyestalks, 
prompted the research Workers to abandon 
this method. After Arnstein and Beard (1975) 
found that full development of ovaries and 
good survival could be achieved in P. orienta-
lis, P. occidentalis and P. monodon by the remo
val of only one eyestalk, unilateral eyestalk 
ablati(Mi was used successfully in many coimt-
ries to induce maturation and spawning of cap
tive penaeids (AQUACOP, 1977 a, 1979 ; Wear 
and Santiago, 1976; Santiago, 1977; Primavera, 
1978, a, b ; Primavera et al, 1978 ; Primavera 
and Yap, 1979; Rodriquez, 1979; Haider, 
1978,1980; Muthu and Laxminarayana, 1979, 
1980; Lumare, 1979). The resuhs of these 
nvestigations are summarised in Table 2 
and discussed in the following sections. 

Methods of eyestalk removal: The simplest 
way is to cut the eyestalk near its base With a 
pair of sharp scissors (Arnstein and Beard, 
1975.; Lumare, 1979). However, this leads 
to profuse bleeding and in delicate species, 
such as P. iruficus results in high mortality. 
Caillouet (1973) used a pair of scissors and 
immediately cauterised the wound with a pencil 
type soldering iron to avoid loss of blood. 
Muthu and Laxminarayana (1979, 1980) used 
a medical electrocautery apparatus to remove 
the eyestalk. In this method, while cutting the 

eyestalk the wound is simultaneously sealed, 
resulting in cent percent survival. To simplify 
the ablation procedure, Primavera (1978 a) 
incised the eyeball With a sharp blade, allowed 
the fluid to ooze out and then squeezed the 
contents of the eyeball outwards between the 
thumb and forefinger and crushed the eyestalk 
2-3 times to destroy the tissue. For rapid 
ablation of large numbers of P. monodon for 
stocking in marine pens, Rodriquez (1979) 
simply squeezed out the contents of the eyeball 
and crushed the eyestalk by pressing between 
the fingers. This method is suitable only for 
hardy species like P. monodon. The present 
authors encountered heavy mortality in P. 
indicus ablated by this method. 

Latency period: The time taken by the 
females to attain full matiurity after eyestalk 
ablation varies considerably (Table 2.) Matu
ration appears to be faster (5-10 days) in white 
prawns such as P. merguiensis, P. indicus, P. 
vannamei and P. stylirostris, than in P. mono
don and P. aztecus (average 3 weeks). ' It also 
appears to depend upon the season. Lumare 
(1979) found that ablated P. kerathurus kept 
at a constant temperature of 25°C took 43-69 
days to attain maturity during November-
December ; 30 days in March and only 10 
days in May-June i.e., they appear to mature 
faster as their natural breeding season is app
roached. Size also appears to have a bearing 
on the time taken to attain maturity; the larger 
ones which are perhaps physiologically ready 
for maturation respond to the eyestalk ablation 
treatment faster than the smaller ones. 

Rematuration : Ablated female prawns repea
tedly remature and spawn viable eggs. Tagging 
of ablated female P. monodon ^t the SBAFDEC, 
Philippines showed that of a given number of 
females that spawned once, 14% spawned a 
second time, 3% a third time aUd 0.8% a 
fourth time (Primavera, 1978 b). A subsequent 
spawning may take place as quickly as 3-5 
days after the preceeding one (Primavera and 



A REVIEW ON INDUCED MATURATIDN OF PENAEID PRAWNS 1^ 

Borlongon, 1978; Primavera et al., 1979). 
In Tahiti, AQUACOP (1979) reported that six 
P. monodon gave 18 spaWnings in three nuraths ; 
one of them spawned 3 times within 2 Weeks 
Without moulting. Lumare (1979) observed 
that P. kerathurus spawned upto 8 times after 
eyestalk ablation at intervals of less than 10 
days J no reduction in the number of eggs was 
noticed with repeated spawning. The present 
authors found that one ablated P. indicus 
spawned 5 times at intervals of 13, 12, 11, L8 
and 26 days, although viable nauplii wwe 
obtained only on one occasion. 

Impregnation : It is well-known that in penaeid 
prawns mating and spawning are independent 
processes. Under natural conditions mating 
in the case of penaeids with closed thelycum 
takes place between a hard (intermoult) male 
and a soft (freshly moulted) female which stores 
the spermatophore received from the male in 
its thelycum. Spawning takes place in the 
absence of the male, the female herself releasing 
the sperms from the thelycum at the time of 
oviposition. So, for obtaining fertilized eggs 
the female should be impregnated. But in 
captivity an imimpregnated female can be 
induced to mature and spawn after eyestalk 
ablation, but the eggs Won't be fertilized. To 
avoid this, ablation of eyestalk should be done 
on impregnated females only. Hence making 
the prawns mate successfully in captivity is as 
important as inducing the females to develop 
the ovary. In actual practice it is easier to 
achieve the latter than the former (Amstein 
and Beard, 1975; Patlan, 1977. 1978 a, b, o). 
It is especially difficult in the penaeids such as 
P. setiferus, P. vannamei and P. stytirostris. 
AQUACOP (1979) found that the percentage 
of impregnated females could be increased by 
keeping the males and females in separate 
tanks and introduciag only the ripe fenales 
into the male tank. Separation seems • to 
increase the attraction between the sexes. 
Perhaps even in the penaeids with closed thdy-
cum the impregnation rate could.be improved, 

by keeping the males and females in separate 
tanks and introducing the female Which is 
about to moult, into the male tank. 

FACTORS THAT AFFECT THB MATURATION 
PROCESS 

The physiological and environmental factors 
that influence maturatiiMi in penaeid prawns are 
discussed here. 

Eyestalk principle: The fact that bilateral 
eyestalk ablation usually does not lead to 
spawning and our observation that the ovary of 
the bilaterally ablated female is pale in cdour 
suggest that the eye is in some way necessary 
for normal ovariwi growth and for triggering 
the spawning reflex. Maturation of ovaries is 
said to be stimulted by the gonad stimulating 
harmones secreted by the brain and the thoracic 
ganglia and inhibited by the Gonad Inhibiting 
Harmone (GIH) of the eyestalk (Adiyodi and 
Adiyodi, 1970). But the very fact that, in 
nature, the prawn is able to mature and spawn 
with both eyes intact suggests that the anta
gonism of the eyestalk principle may be reduced 
by a decline in the tifre of the GIH as the 
prawn grows and moves into an environment 
suitable for spawning and the final spawning 
act may, in fact, be triggered by a stimulus, 
either visual or hannonal, originating in tiw 
eyestalk. In unilat^al eyestalk ablation the 
titre of the GIH is artificially lowered and this 
appears to stimulate vitellogenesis. 

Age: Sucqestful maturation and spawning 
of P. monodony/ea <*tained by ablating females 
that Were 15 npwnths old (Santiago, 1977), 
8 month old (AQUACOP, 1977) and 5 months 
old (Primavera, 1978 a). However, the quality 
of the eggs produced by the 5 month old pond-
reared females is considered to be inferior to 
the eggs produced by 1-2 year old wild females 
(Primavera, per. coram.) Females of the 
same size differ widely in age, depending 
i^on the conditions under which they have 
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gUffiim (I^imavera, 1978 b). She feels that given 
the Mffitte body size (minimum of 90 gm) wild 
females are older and therefore more responsive 
to induced maturation than pond reared females 
at norml harvest age of 4-5 months. However, 
the age at which the females mature in captivity 
varies with the species. AQUACOP (1975) 
found that P. merguiensis spawned after 4-5 
Tom^'&tMetapenaeusensis after 8 months and 
P. japonicus and P. aztecus after one year. 
Beard et al. (1977) reported that the age of 
fdtnale P. merguiensis at first maturation was 
6-7nw>nths. 

FeoAi. Caillouet (1973) fed unablated P. 
du&ranm with di(^s to which additives such as 
beta carotene, phosphotidylcholine, choles
terol, DL alpha tocc^erol, calciferol and 
17 beta estradiol Were added; butthepraWns 
did not attain maturity. 

In most of the successful experiments (Table 
1, 2) the captive broodstock has been fed 
ad Hbidutn on, fresh mussel, oyster or clam 
flesh. However, Primavers^ et al. (1979) repor
ted that better result? were obtained when the 
prawns ^ete fed mussel flesh in the morning 
and peUetised feed in the evening. AQUACOP 
(1979). observed that among the different com
pounded pellets tested, the best ones Were high 
protein diets (60%) containing squid meal. 
Tl^y also;reported that if the females are isola-
tedjond allowed to complete the ovarian deve
lopment in separate tanks where a supplement 
of fresh Trocha flesh is given, the quality of 
the e^s spawned is much better. MoUussan 
flesh in some Way seems to be good for gonad 
development. The present authors have obser
ved that the visceral masses of the clams used 
for feeding the brood stock, generally contain 
developifig gonads which probably provide the 
right type of fatty acids and lipoproteins essen
tial for vitellogenesis in the maturing prawns. 

Stress; Any sort of physiological stress, 
due io ijveiioroWding, frequent handling or 

poor water quality, delays the maturation pro*-
cess or causes regr^iiioa of developed ovaries. 
P. monodon is especially sensitive in this respect 
(AQUACOP, 1979). To reduce handling stress 
while checking the prawns for determining 
the stage of maturation, the prawns are examî  
ned at night using an iinderwater flashlight 
tied to a pole and held close to the prawn so 
that the light strikes perpendicular to the upper 
part of the body when the dwk green, mature 
ovaries show up very Well (Primavera, 1978 b ; 
AQUACOP, 1979). 

From Table 1 and 2 the stocking density in 
the maturation tanks is found to vary from 3-7 
animals per m*. The loWer density is prefer
red for the larger species such as P. monodon. 
The highest ddnsity used was 20/m* in the 
case of the small sized P. merguiensis in Tahiti. 
AQUACOP (1979) report that itt their brood-
stock tanks maturations are rare and spawning 
does not occur if the biomass of prawns in the 
tanks exceeds 300 gm/ m .̂ 

Poor Water quality in ill maintained pools 
is a m&jor source of stress to the prawns. If 
the uneaten food, moults, and faecal matter in 
the pools are not removed daily, the Water 
quality deteriorates rapidly as decay of these 
substances, apart from releasing toxic substan
ces, increases the biological oxygen demand 
of the Water. Under such circumstances the 
intake of food by the prawns declines markedly 
(personal observations). Another source of 
stress is the accumulation of the toxic ammoma 
excreted by the prawns themselves. Ammonia 
toxicity in penaeid prawns has been studied by 
Wickins (1S>76 a) Who states that the maximum 
acceptable level of ammonia concentration is 
0.1 mg NHg-N/ litre. This value may apply 
to normal maintenance and growth of prawns 
in culture systems but a still lower ammonia 
level may be required by the prawns for suc
cessful maturation. All the recirculating sys
tems and flowthrough facilities referred to in 
Tables 1 and 2 are JxtaiiUy designed to prevent 



TABLE 1. Summary of results of experiments on maturation ofpenaeid prawns in captivity without eyestalk ablation 

Authors 

AQUACOP 
(1975, 
1977 b. 
1979) 

' 

Beard e( 
^ . (1977) 

Caubere 
etal. 
<1979) 

Laubier 
and 
Laubier 
(1979) 

Moore 
etal. 
(1974) 

Type and size 
of the container 

4m dia. Fibreglass tanks 
with 1 m water depth. 
Water fed through perfora
ted concentric PVC tubes 
embedded in gravel bottom 
and covered with coral 
sand; water dniioed 
through central stand pipe. 

Copcrete tank 2.9xl .65,x 
O.iip inside i heated hut 
vwth clear PVC roof. Half 
ibe bottom area covered 
with a sub-gravel filter with 
air-lift recirculation 

5 m dia. concrete tank 
with 1.2 m water depth. 
Provided with air-lift re
circulation and double 
bottom 

2.9 m concrete tank; 1 m 
water depth; with double 
bottom and air-lift recir
culation 

23 X 3 X 0.6 m raceway 
under inflated polyethylene 
bubble canopy 

Water 
management 

Flow-through 
water exchange 
rate 2-3 times/ 
day 

50% of water 
renewed 
each week 

Flowthrough at 
200 litres per 
hour 

Flowthrough at 
450 litres per hr. 
exchange rate 
150% per d j ^ 

Flowthrough 
exchange 

Stocking 
density 
Nos/m* 

20 for P. 
merguinesis 

andM.ensis 
6.6 for P. 
vannammei t 
P. stylirost-
ris 

5 

4 

7.5 

6.4 

rate 700% per day 

Sex 
ratio 
M : F 

1 : 3 
or 
1:1 

ind 

1 : 1 
or 
1 : 2 

1 :3 

1 : 1 

1:1 .6 

Temp. Salinity 

(°C) 

25.5 
to 
29.0 

25 
to 
31 

Step
wise 
increase 
from 
15 to 24 
over a 
3 montl 
period 

Increa
sed 
from 
l > C o n 
21st 
Apr. 
to 24 
on 2ts( 
June 

22-28 

(%o) 

34.5 

30-
36 

30.5 
to 
36.0 

I 

sea-
water 

t' 

sea-
water 

PH 

8.2 

7.5 
to 
8.5 

7.5 
to 
8.5 

8.1 
to 
8.3 

8.0 
to 
8.3 

Light 

Natural 
daylight. 
Tanks 
covered 
with syn
thetic mate
rial to allow 
only 10 to 
40% of 
incidentlighl 

IQOO 
to ; 
3,009, . 
l u m & 
perm' 

4,000 lux 
step-wise 
increase 
from 8 to 
16 hrs/day 
over a 3 
month 
period 

2.000-6,000 
lux., photo-
period 
increased 
from I2 i 
t o l 4 i 
hrs/day 
over a 
period of 
11 weeks 

2 0 % of 
natural 
light 

Feed 

Time 
taken 

Species to reach 
maturity 

Pelletised P. mer- 3-4 
feed sup 
plemen-

1- guiensis weeks 
P. japo-

ted with nicus 
squid 
flesh , 

Fresh 
mussel 
and 
fro^n 
shrimp 

Fresh 
oysters 
and 
mussels 

Fresh 
mussel 

Flaked 
food 

P. styliros-
tris 

P. varmemei 

M. ensis 

P. mer- Repeated 
guiensis spaw

ning 
every 
2.6 
months 

P. japo-
nicus 3 months 

P. japo-
nicus 3 months 

, 

P. call-
fornianus 4 months 

> 
fo 
< 

O 

•z 
•2, 
D 
C 
O 
tu 
O 

c 
> 
d 
O 
2: 
0 
IS 
M 

^ 

0 

3 
> 

K> 



TABLE 2. Summary of results of experiments on captive broodstock after unilateral eyesttdk ablation 

Water 
Authors Type and size of containers managemeBt 

Time 
Stocking Sex Temp. Salinity taken 
density ratio pH Light Feed Species to reach 
Nos/m« M : F ("Q (%„) maturity 

after 
eyestalk 
ablation 
(days) s 

C 
H s c 
o 

AQUACOP Same as AQUACOP (1975) Flowthrough 
(1977 a, vide Table 1 water exchange 
1979) 2-3 times/day 

3.3 : ; i 25.5 
to 
29.0 

34.5 8.2 Natural 
day light 
10-40% of 
incident 
light 

pelletised P. mono-
feed don 

21-28 

Arnstein Rectangular fibreglass tanks, 50 % of water 
and 86 X 76 X 25 cm ; replaced every 
Beard with subgiavel filter and week 
(1975) air-lift recirculation at 8-9 

litres/minute 

1 :1 20+2 28-30 Subdued Fresh 
artificial mussel 
light; and 
phootperiod frozen 
8 hrs/day Crangon 

p. orien-
eUis 

12-14 
r 
> 
X 
2 
2 
> 
JO 

> 
> 
> 

Haider Nylon net cages kept in a 
<1978, 200 m* brackishwater 
1980) ponds 2 m deep 

Flushed by tides 1.6:1 Increa- Incre-
sed ased 
from from 
22.4 to 15 to 
26.4 25 

Natural 
daylight 

Prawns 
and 
trash fish 

J*, monodon 
40 

Lumare 2 x 2 x 1 m cement tank, l/3rd of water 
<1979) with subsand filter, kept in replaced 

a green house, redrcula- everyday 
tion at 6 times water vol. 
in 24 hrs. 

10 to 15 1 :1.1 25 
to 

1:5.9 

36 7.8 
ave
rage 

Natural 
daylight 
and photo-
period 

fresh 
mussel 

P. kera-
thurus 

43-69 
inNov-
Dec./30 
in Mar., 

10 in 
May-
June. 



Muthu 
and 
Laxmi-
narayana 
(1979, 
198(9 

3.6 m dia. plastic lined 
pools with subgravel filter 
and air-lift recirculation 

Water changed 
when the clarity 
declines 

1:1 24.5 
to 

30.2 

27.0 
to 
36.0 

ave- Natural 
rage daylight 
7.9 inside a tile 

covered 
shed 
without 
side walls 

fresh 
and 
frozen 
clam 
meat 

P. imUcus 10-16 
P. monodon 
M. dobsoni 
Parapenaeo-
psis stylifera 

< 
% 
o 
z 
Z 
o c o 
tn 
O 

C 
> 
O 
z 
o 
m z > 
CO 

% 
Z 

Primavera 4 m. dia. ferrocement tank Flowthrough 
0978 b) 1-1.5 m water depth water exchan^ 

(Tolosa, 1978) rate 2-4 times/day 

4-7 1 :1 
or 

1 :2 

tanks co
vered with 
black cloth 
so that 
light inten
sity is re
duced by 
40% to 
60% 

Mussel 
flesh 
in the 
morning 
and 
pellets 
in the 
evening 

P. mono
don 

7 days 
to 2-3 

months 
av.21 

Priraavera Concrete tanks 4.85 x 4.85 Water changed 
<W78 a) X1 m under transparent only once a 

plastic roof. Aeration _ week 
1 "^ ' l>y air stones 

1 :1 23.8 30-34 7.8 Natural Fresh 
to to light filter- mussel 

26.2 _ 8.1 ing through flesh 
plastic 
roofing 

5 months 21 
old pond 
i%ared 
P. mono
don 

Prinwvera Concrete tanks 7.25 x 
«ra/. (1978) 7.25X 1 m under trans

parent plastic roof 

Flowthrough 
tank emptied 
and water 
completely 
changed every 
5-6 days 

flushed by the 
tides 

7 ' 

1.2 to 
1.6 

1:1 

1:1 
or 
1 :2 

23.5 
to 
26.8 

27.1 
to 

30.7 

30-34 

31.5 
to 

34.6 

7.8 
to 
8.0 

— 

-do-

Natural 
daylight 

-do-

-do-

P. mono
don 

P. mono-
thn 

Wear and 
Santiago 
(1976) 
Santiago 
1977), 
'odriquez 

(1979) 

250 m* marine pens in a 
sheltered tidal cove in 
4-6 m depth 

7-60 
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the accumulation of ammonia and to maintain 
the quality of the seaWater in the pools. The 
recirculating sytems employ some form of 
biological filter which aerobically oxidizes 
ammonia to harmless nitrates through the 
actipn of the nitrifying bacteria growing on the 
surfece of the filter material (Spotte, 1970). 
Vigorous aeration is used to maintain the oxygen 
concentration in the pools at near saturation 
levels and to operate the air lifts in the recircu
lation systems. 

Salinity: The fact that penaeid prawns 
Whî h live as juveniles in brackishwaters migrate 
to the sea for spawning purposes, suggests that 
salinity is one of the important factors that 
affeQt the maturation process. This is suppor
ted by the observation of Silas et al. (MS)L 
that M. dobsoni attains full maturity in the 
braokishwater ponds when the salinity increases 
to 2S-29 ppt. Even P. indicus in stage i n of 
matttrity have been collected by George (1974) 
from the brackishWater ponds during the high 
salinity months. From Tables 1 and 2 it is 
seen that the penaeids have attained full matu
rity and spawned in salinities ranging from 
27-36 ppt. The only exception was reported 
by Ifalder (1978, 1980) who stated that ablated 
P. monodon attained maturity and spawned 
viable eggs in a brackishWater environment 
wheil the salinity Was 25 ppt. 

pH: Best results Were obtained when 
oceanic water at a steady pH of 8.2 was con
tinuously made to flow through the maturation 
pools (AQUACOP, 1975, 1977 a 1979). 
In recirculation systems pH declines rapidly 
due to the physiological activity of the orga
nisms present in the pool and may become a 
limiting factor when it reaches 7.3 (Wickins, 
1976 a). Reduction in pH and depletion of 
inorganic carbon in the water, which is said to 
affect the calcification of the cuticle and the 
normal moulting process, are direct cons
equences of bacterial nitrification of ammonia to 
nitrates in a biological filter (Wipkins, 1976 b). 

So a completely closed system of recirculation 
is not feasible; at least part of the Water has 
to be replaced by fresh seaWater periodically 
or required amounts of sodium carbonate or 
bicarbonate should be added regularly to main
tain the quality of the Water. 

Temperature : Laubier and Laubier (1979) 
kept P. japonicus in three different tanks in 
which the temperature was increased from 15 
to20°C, 15to24°C and 15to26°C respectively 
over a period of U Weeks and found that the 
largest number of spawnings occurred in the 
tank having a temperature of 24*'C. Caubere 
et al. (1979) showed that if the temperature is 
increased from 15 to 24°C over a period of 3 
months, maturation was accelerated and spaw
nings took place after 3 months, whereas in a 
tank where the temperature Was allowed to 
increase naturally from 15 to 24°C over a 6 
month period the maturation process was 
delayed and spawning occurred only after 6 
months. It is significant that these two 
experiments Were performed in sub-tropical 
region. In the tropics temperature does not 
appear to be a limiting factor and penaeids 
had attained maturity in temperatures ranging 
from 22°C to SVC (Table 1 and 2). 

Light : The influence of photoperiod <m. 
maturation of unablated P. japonicus has been 
studied by Laubier and Laubier (1979) 
and Caubere et al. (1979) and in unilaterally 
ablated P. keratfmrus by Lumare (1979). 
Laubier and Laubier (1979) found that more 
spawnings occiured in a tank where the light 
period was increased from 12| hours/day 
to 14f hrs/day over a period of U weeks. 
Caubere et al. (1979) observed that best matura-
ration and spawning occurred when the light 
period Was increased from 8 hrs/day to 16 hrs/ 
day over a 3 months period. However, in 
these two experiments the temperature Was also 
gradually increased over the same period 
from 15°C to 24''C. So it cannot be assessed 
whether the a<;(;elerate4 d^velopinent c^ gonads 
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was due to increase in photoperiod or due to 
increase in temperature. However, Luipare's 
(1979) expsrimsnt in Which the temperature Was 
kept constant at 25°C and the photoperiod 
varied, suggests that increase in photoperiod 
from 13 hrs/day in March to 16 hrs/day in 
May-June might have accelerated the matura
tion process. Even here the evidence is not 
conclusive since the diflference in the seasons 
might have influenced the results, as May-June 
Was their natural spawning season. This 
doubt is further strengthened by the fact that 
during Nov,-Dec. maturaticai Was faster at 
9 hrs of light/day than at 12 hrs of light/day. 
So the effect of photoperiod on maturation is 
not fully understood. 

On the other hand there seems to be suflS-
cient evidmce to conclude that a reduction in 
the intensity of the light to about 10% of natural 
day light has a beneficial effect on the matura
tion procpss (Table 1, 2). 

Caillouet (1973) studied the effect of coloured 
light on maturation in unablated P. duororum 
and got negative results with blue, green and 
white light. Alava (1979) experimented with 
blue, red and natural light on unablated P. 
monodon and found that they did not attain 
full maturity in any light; however, under 
blue and natural light prawns With stage III 
ovaries Were obtained while those exposed to 
red light reached only stage II. 

Pressure : Only Caubere et al. (1979) have 
tried to study the effect of pressure on spawning. 
Mature females subjected to a pressure of 
2.5 kg/cm* for 12 hrs spawned. But mature 
females spawned even Without subjecting them 
to increased pressure. Pressure does not appear 
to have any effect on the maturation process 
either, since B^ard et al. (1977) have obtained 
full maturation of gonad in imablated P. mer-
guiensis grown in a tank with only 0.3 m depth 
of seawater, 

Size of the maturation pool : The present 
authors found that ablated P. indicus and 
P. monodon did not attain maturity When kept 
in 1.8 m dia pools whereas they matured Well 
in 3.6 m dia pools. Primavera (1979) opined 
that the mating behaviour of P. monodon 
calls for a large pool with sufficient area for 
swimming about freely, if impregnation is to 
take place normally. Amstein and Beard (1975) 
also found that although P. orientalis attained 
maturity in 0.6 m' fibreglass tanks, they Were 
not impregnated. Good results have been 
attained in maturation tanks which exceeded 
4 m* in area (Table 1, 2). The large marine 
pens used in Philippines for maturation of 
ablated P. monodon are no doubt very good. 
But the difficulty of getting a suitable sheltered 
site for constructing the pens near a hatchery 
and the short life of the bamboo pens and the 
consequent high cost of frequent renewals and 
the difficulties involved in samplmg the prawns 
from the pens, are some of the disadvantages 
that make this system less popular. On the 
other hand the land based maturation facilities 
referred to in Table? 1 and 2 can form part of 
the hatchery, making use of its aeration and 
seawater pumping facilities. 

CONCLUSION 

It is now evident that many penaeids can be 
made to mature and spawn in captivity without 
eyestalk ablation in raceWays and concrete tanks 
with running seawater facility or in open recir
culating seawater systems. It is essential that 
the Water quality be maintained as close to 
that of good open seawater as possible. Some 
of the species which do not easily attain matu
rity in captivity can be induced to mature by 
unilateral eyestalk ablation. Some basic infor
mation on the factors that affect the maturation 
of the ovary are available. However, more 
research is needed to understand (i) the harmo-
nal control of maturation in penaeid prawns, 
(ii) the effegt of dietary factors on maturatiQft. 
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(iii) the factors that promote mating in captivity 
and (iv) the effect of photoperiod on reproduc
tion. Technological improvements to reduce 

the cost of construction of the maturation pools, 
seawater supply systems and water purification 
systems are also urgently needed. 
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STUDIES ON BROODSTOCK OF SUGPO PENAEUS MONO DON 
FABRICIUS AND OTHER PENAEIDS AT THE SEAFDEC 

AQUACULTURE DEPARTMENT* 

JURGENNE H . PRIMAVERA 

Aquaculture Department, Southeast Asian Fisheries Development Center {SEAFDEC), 
P. O. Box 256, Iloilo City, Philippines 

ABSTRACT 

For hatchery production of Penaeus monodon and other penaeid fry, the SEAFDEC Aquaculture 
Dspartment is dependent mainly on captive broodstoclc in the form of ablated females, using up to 1,500 
spawners in one year. The availability of such broodstock has enabled us to gather information on the 
reproductive biology as well as broodstock techniques for P. monodon and other species. This paper 
discusses studies on courtship and mating behaviour, fecundity, egg quality and rematuration ; and 
requirements for induced maturation (source and age of stock, sex ratio, feeding, tank management, 
etc.) of P. monodon. A comparison of biological and construction requirements of two broodstock 
systems — land-based tanks and marine pens — is made. Work on other penaeids, mainly P. indicus 
is discussed. Lastly, areas for future research on penaeid maturation are highlighted. 

INTRODUCTION 

RESEARCH on penaeid prawns at the SEAFDEC 
Aquaculture Department dates back to 1974 
when the first batch of Penaeus monodon post-
larvae Was transported by air from the 
Mindanao State University Marine Research 
Laboratory, a pioneering aquaculture research 
institute in Naawan, Misamis Oriental (Villaluz, 
et ah, 1972) to bracbishwater ponds at the 
Leganes, Iloilo station of the Department. 

In the five years that have passed, the Depart
ment has established big-tankj praWn hatcheries 
in the main Tigbauan station and small-tanfc 
hatcheries at Tigbauan and Leganes, Iloilo; 
Batan, Ablan ; and Zamboanga City. 

The first sugpo spawners used in the Tigbauan 
hatcheries in 1975 were caught from the sea 
and a heavy dependence on wild spaWners, 
up to 95% of total supply, characterised 

* Contribution No. 58 of the §EAFPEC Aquaculture 
• Department, 

hatchery operations for the first two years. At 
the same time, ablation experiments to induce 
maturation in captive P. monodon were started. 
Although the life-cycle of P. monodon Was 
completed in the Igang maturation pens in 
December 1975 (Santiago, 1977), the mass 
production of spawners by unilateral eyestalk 
ablation was achieved only in 1977 with the 
installation of maturation pens in the Batan 
substation. It Was also in 1977 that maturation 
of P. monodon in land-based tanks was started. 
Most of the research Work on penaeid matura
tion has been undertaken in these tanks rather 
than in maturation pens because of greater 
control of experimental variables. 

BROODSTOCK STUDIES 

A. Reproductive biology 

(1) Courtship and mating: P. monodon 

belongs t o the group of penaeids with a closed 
thelycum. Moulting of the female is a pre
requisite to mating because insertion of the 
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spermatophores can only take place when the 
thelycum is soft. Courtship and mating be
haviour may be divided into 'three distinct 
phases (Primavera, 1979 a). 

The newly-moulted female attracts up to 
three males who follow her around, but only 
one male is able to position himself directly 
below the female. As the pair swims in 
tandem, the male turns ventral side up trying to 
align his thorax With that of the female. Once 
successful, the male turns perpendicular to the 
female, curves his body in a U-shape around 
her and fliclss head and tail simultaneously up 
to three times in a row, all these steps in quick 
succession. The whole process may last from 
30 min. to 3 hours. Information on copulatory 
behaviour is important in establishing minimum 
physical dimensions of broods took tanks. 

(2) Ovarian maturation stages: Based on 
external examination and dissection of the 
ovaries of Wild and ablated P. monodon females, 
the following maturation stages have been 
described (Alava, 1979 ; Primavera, 1979 a ) : 

(a) Stage I (Immature) : Ovaries thin, 
transparent and not visible through the dorsal 
exoskeleton. On dissection they appear as 
colourless strands of tissue, devoid of visible 
eggs. (In actual sampling operations, this is 
called Stage 0). 

{b) Stage II (Early maturing): Ovaries 
observed as a thin, linear band through the 
exoskeleton as they start to increase in size, 
particularly in the anterior and middle lobes. 
Dissected ovaries are firm and smooth with 
colour ranging from cloudy white to light brown 
and grayish-green. (In actual sampling opera
tions, this is divided into Stage I for ovaries 
that appear as a very thin band through the 
exoskeleton and Stage II for ovaries that are 
relatively thicker). 

(c) Stage III (Late maturing): Ovaries 
visible thorough the exoskeleton as a tbid^ 

solid, dark linear band as they considerably 
expand from the anterior thoracic to the pos
terior abdominal region. A slight ' diamond ' 
or ' butterfly' can be seen at the level of the first 
abdominal segment. Dissected ovaries are 
compact, granular in texture with clumps of 
eggs and mostly light-olive green. 

(d) Stage IV (Mature or ripe): The 
diamond-shaped expansion at the anterior 
abdominal region is larger and distinct; the 
linear band is thicker. Upon dissection, the 
ovaries appear dark olive-green, compact, 
granular and are so distended, they fill up all 
available space in the body cavity. 

(e) Stage V (Spent): Completely spent 
ovaries outwardly appear similar to Stage I 
(Immature) ovaries. Dissected ovaries are 
flaccid and yellowish. Partially spent ovaries 
have either the anterior or posterior ovarian 
lobes remaining unspawned. 

(3) Spawning: Most female P. monodon 
spawn between 9.00 p.m. and 2.00 a.m. and 
a spawning may last from 2 to 7 min. The 
eggs (and sperm) are released, often forcefully, 
as the female swims upward in circles and may 
continue even as she returns to the bottom. 
Ovarian material is released into the water to
gether With the eggs. Aeration in the spawning 
tank causes this material to form bubbles cover
ing the whole water surface. After a few 
minutes, the bubbles break up, completely 
disappearing Within half an hour after spawn
ing. The material turns into scum which forms 
a thin to very thick orange ring along the sides 
of the spawning tank. Around 75% of all 
spawnings are complete, the rest are partial 
with some of the eggs retained in the ovaries. 

(4) Fecundity: The number of eggs pro
duced in a complete spawning ranges from 
200,000 to one million with an average of 
500,000 eggs for P. monodon spawners caught 
from the wild. For ablated females, the range • 
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is 100,000 to 800,000 with an average of 200,000 
for ablated pond stock and 300,000 for ablated 
wild stock. 

(5) Egg quality: Based on morphological 
observations and hatching rate, eggs of wild, 
ablated pond stock and ablated wild stock 
P. monodon can be classified into five egg types 
(Primavera and Posadas, MS). 

The normal or ' good' eggs belong to Type 
Aj with an average hatching rate of 58% and 
healthy nauplii. In contrast, Type Ag eggs 
are' not so good' with a lower hatching rate of 
32% and many Weak and abnormal napulii. 
Types B, C, and D are ' bad' eggs Which are 
all unfertilized and do not hatch. Irregular 
formations caused by the flowing out of the 
cytoplasm characterise type B eggs. Type C 
eggs are unfertilized eggs that do not change in 
appearance with the cytoplasm remaining a 
single mass While type D eggs have very little 
cytoplasm left due to massive bacterial invasion. 

Eggs from wild spaWners have the highest 
proportion of A^ eggs (49%) followed by 
ablated Wild stock females (39%) and ablated 
pond stock (24%). Clearly, ablated females 
of pond stock produce eggs of inferior quality 
compared to other groups of spaWners. 

There is a highly linear relationship between 
the proportion of A^ eggs and percentage of 
hatching rate (% H.R.) (P<;0.01) for ablated 
P. monodon With % H.R. = 0.064 + 0.796% 
Aj for pond ablated females and % H.R. = 
2.682 + 0.724% Aj for wild ablated females. 
If a 30% hatching rate is accepted as the mini
mum level for hatchery operations, spawnings 
should have at least 38% A^ eggs to get this 
hatching rate for both pond ablated and wild 
ablated females. 

(6) Rematuration: Tagging prawns with 
consecutively numbered brass tags around the 
unablated eyestalk immediately after the first 
spawning (Rodriguez, 1976) makes it possible 

to keep complete records of individual females 
including fecundity and hatching rate of conse
cutive spawnings, number of days between 
spaWnings, etc. Data over a three-year period 
show progressive improvement in rematuration 
rates for ablated females (Table I). Given 100 
ablated females that spawned a first time, on 
the average, 10 of them had a second spawning 
in 1977 (Primavera and Borlongan, 1978), 11 
in 1978, and 23 in 1979. 

The main factor that accounts for low re
maturation rates is a high rate of spawner 
mortality. In 1977, a newly-spaWned P. 
monodon survived an average of only 9 days 
compared to 2\ Weeks in 1978. As spawner 
mortality decreased, rematuration rates may be 
expected to improve. 

B. Management studies 

(1) Source and age of pond stock: Ablation 
of hundreds, even thousands, of females has led 
to the observation that ablated P. monodon 
wild stock give a better performance in terms of 
higher fecundity and hatching rate, better egg 
quality and lower mortality compared to 
ablated pond stock (Primavera and Yap, 1979) 
as shown in Table 2. 

The problem then is hoW to make pond stock 
females perform equally well as wild stock after 
ablation. Our present hypothesis is that given 
the same body size (minimum of 90 g), wild 
females are older, and therefore more receptive 
to induced maturation than pond-reared 
females at normal harvest age of 4-6 months. 
Data from past studies using pond stock show 
that the only successful rearings up to the 
postlarvae are from spawnings of females 
ablated between one to two years of age (Table 
3). One approach would then be to age pond 
stock females to at least one year prior to 
ablation. 

(2) Sex ratio: Up to 1979, initial stocking 
of P. monodon in obturation tanks and pens 
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TABLE 1. Data on number, fecundity and hatching rate of first and subsequent spawnings of tagged 
ablated Penaeus monodon from both pond and wild stock at the SEAFDEC Aquaculture 
Department Tigbauan, Iloilo station over a three-year period 

No. (%) spawnings 
1st spawnings 
2nd spawnings 
3rd spawnings 
4th spawnings 

Ave. no. eggs spawning 
1st spawning 
2nd spawning 
3rd spawning 
4th spawning 

Ave. % hatching rate 
1st spawning 
2nd spawning 
3rd spawning 
4th spawning 

Ave. no. days survival after 
1st spawning 

1977 

316(100%) 
33 (10.4%) 

5 (1.6%) 
0 

164,000 (99)* 
182,993 (20) 
140,000 (4) 

no data 
36.7 (19)* 
34.8 (4) 

9.2 

1978 

230(100%) 
32(13.9%) 
9 (3.9%) 
1 (0.4%) 

203,102 (158) 
190,859 (28) 
127,689 (9) 
97,650 (1) 

30.5 (158) 
34.3 (28) 
5.3 (9) 

52.5 (1) 

17.0 

1979 

185 (100 %) 
43(23.2%) 
11 (5.9%) 

0 

282,000(185) 
275,000 (43) 
173,000 (11) 

34.4 (185) 
27.6 (43) 
14.4 (11) 

no data 

Figures in parenthesis refer to number of females. 

TABLE 2. Comparison of survival and maturation in broodstock tanks of ablated 
Penaeus monodon from pond and wild sources* 

Pond stock Wild stock 

% mortality/month 
male 
female 

% spawners/month 
Ave. no. eggs/spawning 
Ave. % hatching rate 

Ave. % rematuration** 
no. 1st spawnings 
no. 2nd spawnings 
no. 3rd spawnings 
no. 4th spawnings 

22 (380) 
58 (270) 

24 (200) 
204,400(111) 

20(111) 

123 
28(22.8%) 

7 (5.7%) 
1 (0.8%) 

6(112) 
14 (248) 

20 (248) 
270,000(213) 

36 (213) 

213 
41 (19.2%) 
12 (5.6%) 
0 (0%) 

• Figures in parenthesis refer to number of individuals. 
** Data taken from 1978-79 records of tagged spawners. 
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"at a 1:1 sex ratio (Primavera, 1979b; 
Rodriguez, 1979) has been based on an assumed 
safety factor rather than on experimental data. 
In a study on different sex ratios, the 1 male : 2 
female ratio produced the highest percentage of 
spawnings, highest average fecundity and the 
greatest total number of eggs (Table 4) (Alava 
and Primavera, MS). We now routinely stock 
our tanks at an initial 1 male : 2 female ratio 
which is economical because it maximizes the 
number of females per tank. Moreover, the 
higher mortality rates of females (due to addi
tional sampling and spawning stress) compared 
to males gradually leads to more balanced 
numbers of both sexes after two months. 

As expected, all-female population pro
duced many eggs but no nauplii because of 
a zero hatching rate (Table 4). In the absence 
of males, the females had no spermatophores 
and the spawned eggs remained unfertilized. 

(3) Feeding: Four different feeding regimes 
combining pellets, frozen mussel and frozen 
squid were given to ablated pond stock P. 
monodon. Average fecundity and hatching 
rate and total number of spawnings, eggs and 
nauplii produced were highest for the mussel-
pellet combination followed by the mussel-
mussel regime (Table 5) (Primavera et al, 
in press). 

Standard feeding for our prawn broodstock 
is shelled frozen brown mussel Modiolus 
metcalfei in the morning and commercial pellets 
in the afternoon. 

(4) Ablation method: The standard eye-
stalk ablation method for tank broodstock 
involves incision of the eye followed by a crush
ing of the distal eyestalk tissue (Primavera, 
1978); mortality within one week after ablation 
averages 5-10%. Ablation in the pens where 
hundreds of females may be ablated at one time, 
involves a squeezing of the eyestalk simulta
neous with the pinching out of the contents of 

• the eye (Rodriguez, 1979). 

(5) Substrate: The substrate in cwir tanks 
has been White coralline material (Primavera, 
et al, in press) following the coral sand sub
strate used in AQUACOP (1977). However, 
preliminary data comparing survival of ablated 
broodstock on White coral and black gravel 
suggest that the latter may be better in terms of 
a greatly reduced mortality. A second run has 
just been started. 

(6) Light: Pond stock P. monodon kept in 
maturation tanks under the foUowit^ treat
ments : (a) blue light (435 mu), (b) red light 
(640 mu), (c) natural light, and (d) natural light 
plus unilateral ablation, produced fully mature 
ovaries and spawning only from the ablated 
females (Alava, 1979). Unablated prawns 
under blue and natural lig|ht developed Stage 
III ovaries, while those exposed to red light 
reached only Stage II ovaries (ovarian stages 
based on histological criteria rather than dorsal 
outline of ovaries). There is a need to repeat 
this experiment using ablated wild stock in the 
light of findings that normal harvest age P. 
monodon may not be ready for induced 
maturation. 

At present, the broodstock tanks are 
covered with a black cloth which reduces light 
intensity by 40 to 60%. 

(7) Tank size and construction: Our stan
dard maturation tanks are made of ferrocement 
(Tolosa, 1978) because of available materials 
and cheap local labour rather than expensive 
and rare materials such as the fibre-glass 
sheets used in AQUACOP (1977). They are 
circular, 4 m wide and 1 m deep with a total 
capacity of 12 cu m. We plan to test different 
areas and depths to determine the minimum 
dimensions necessary for a P. monodon 
maturation tank. 

Never-the-less, information about tlie 
mating behaviour of P. monodon provides some 
guidelines and also explains our past failures 
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TABLE 3. Comparison ofpostlarvat survival of spawnings from ablated pond stock 
Pea&e\js monodoa females of different ages at <d>lation 

Pond source 
Age 

in months 
at ablation 

No. of 
spawnings 

% Hatching 
rate 

% Postkrval 
Survival from 

N.N4 
References 

Leganes, Iloilo 
Pontevedra, Capiz 

Leganes, Iloilo 
Iloilo & Capiz 
Batan, Aklan & 

Pontevedra, Capiz 

15 
5 

. . 12-24 
5 

,5-6 

7 
2 
2 

29 
3 

16 

47.1 
98.3 
81.2 
56.4 
52.0 
20.8 

41.6* 
0 
0 

22.9** 
0 

Santiago, 1977 
Primavera, 1978 

Primavera et at. 1978 

Primavera et al. 
(in press) 

P»P. ** p "15 

TABLE 4. Maturation, fecundity, and hatching rate of ablated wild stock Penaeus monodon 
at different sex ratios (after Alava and Primavera, unpub.) 

Male: Female ratio 0 :1 (0 : 60) 1 :1 (30 : 30) 1 : 2 (20 : 40) 1 :4 (12 :48) 

% spawners' 
First" 
Second' 
Third* 

Ave. no. eggs/spawning 
Total no, eggs produced 

Ave. % hatching rate 

19.65(11) 
0 
0 

300,400 
3,304,000 

0 

69.7(15) 
35.0 ( 5) 
20.0 ( 1) 
244,900 

5,142,000 
35.8 

19.6(21) 
48.1 (10) 
30.0 ( 3) 
264,600 

8,996,000 
27.8 

51.4(14) 
34.2 ( 4) 

0 
212,300 

3,821,000 
22.7 

^Figures in parenthesis refer to number of females. "Daily no. 2nd spawnings 

•Daily no. 1st spawnings 

Daily no. surviving females 
X 100 

X 100 
Daily no. tagged 1st spawners 

•Daily no. 3rd spawnings 
X 100 

Daily no. tagged 2nd spawners 

TABLE 5. Data-on survival and reproduction of ablated pond stock Penaeus monodon 
under different feeding regimes (after Primavera et al., in press) 

Treatment 

Survival (%) 
male 
female 

Total no of 1st & subsequent spawnings . . 
Ave. no eggs/spawning 
Ave. % hatching rate 
Total no. eggs produced 
Total no. nauplii produced 

Pellet-pellet 

56 
16 
7 

136,800 
20.4 

957,400 
195,200 

Mussel-mussel 

40 
20 
16 

179,300 
9.3 

2,868,400 
266,200 

Mussel-pellet 

52 
14 
16 

180,300 
20.8 

2,884,520 
598,760 

Squid-pellet 

32 
8 

12 
140,300 

18.3 
1,683,800 
308,440 
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using small glass aquaria and 1.5 ton fibre-
glass tanks (Primavera, 1979 a). Moreover, 
We have tested marine plywood tanks Which 
Jumed out in the long run to be more expensive 
than ferrocement tanks because they perenially 
leak. 

(8) Water management and aeration: Our 
tanks are on a floWthrough basis with daily 
exchange of 2-4x total volume. Water is 
pumped through perforated pipes embedded in 
the Goral substrate and drained through a 

system for more eflScient Water circulation, 
particularly in larger tanks. 

C. comparison of tank and pen systems: 
Table 6 shows the construction and other 
requirements for land-based tanks and marine 
pens for praWn broodstock. Although no 
direct comparisons can be made, it appears 
that maturation, fecundity, and hatching rates 
are similar for ablated P. monodon held in 
both tanks and pens. However, there is reason 
to believe that mortality is higher in the pens 

TABLB 6. Comparison of construction, stoclcing and otiier requirements of tanlcs and pen systems 
for prawn broodstocic at tfie SEAFDEC Aquaculture Department (after Primavera, 1979 b) 

Dimensions and shape 
Volume 
Total stock 
Stocking density 
Site requirements 
Unit cost (materials) 

Longevity 
Examination for gravid females 

Manpower requirements: 
maintenance 
sampling 

Land-based tank 
(Tigbauan Station) 

4 m X 1 m ; circular 
12 cu m 
50-60 at 1 male : 2 females 
4-7/sq. m 
power for 24 hr flow-through 
5,000 (ferrocement)* 

minimal depreciation 
at night with under-water light; 

2x/week 

1 
1-2 

Offshore pen 
(Batan Station) 

16 m X 16 m X 6 m ; rectangular 
500-1,500 cu m 
300 at 1 male : 2 females 
1/sq.m 
protected cove ; absence of pollution 
10,000 (bamboo & mono-filament 

nylon)** ; including guardhouse 
2 years; repairs after one year 
net lifted during day; weekly on 

1st or last day of lunar phase 

1-2 
3-4 divers + 1 sampler 

* January 1978 estimates ; marine plywood, flbreglass sheets and canvas are substitutes. 
** February 1979 estimates; more durable but expensive materials may be used. 

central cylinder. Because of the power require
ment to run the water pump for the floWthrough, 
we are developing a recirculating system With 
a biological-mechanical filter using an air-
water lift to decrease energy costs. 

Although the floWthrough operates on a 
24 hour basis, aeration by means of airstones 
is provided at night in case of pump breakdown. 
An alternative to airstones is an air-water lift 

because of greater stress on the broodstock 
while lifting the net and handling during the 
Weekly samplings as Well as disease related to 
pollution of the pen bottom by excess feeds 
(Primavera and Yap, 1979). 

In contrast, broodstock in tanks are examined 
for ovarian maturation by means of an under
water light — there is no unnecessary handling 
of the praWns (Primavera, 1979 b). Good 
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Water quality is maintained in the tanks through 
daily removal of excess feeds. Moreover, a 
major disadvantage of bamboo pens is the 
relatively fast depreciation — after one year, the 
pen has to undergo repairs and after two to 
three years, it has to be replaced. Present 
engineering studies focus on the development 
and testing of pen prototypes that are more 
durable and easily transferable. 

OTHER PBNABIDS 

Screening of other penaeids for stocking in 
ponds during the ' off season' of sugpo as Well 
as for polyculture With Chanos chanos and other 
finfish started in mid 1978. Among the species 
we have tested are P. semisulcatus, P. merguien-

TABLE 7. Fecundity and hatching rate of ablated 
and unablated Penaeus indicus matured 
in broodstock tanks 

Wild stock Pond stock 

Ave. no. eggs/spawning 

ablated 43,330 (151)* 23.480 (744) 
unablated 40,230(130) 26,990 (74) 

Ave. % hatching rate 

ablated 40.7 (151) 37.8 (744) 
unablated 42.6 (130) 53.9 (74) 

* Figures in parenthesis refer to no. of spawnings. 

sis, P. japonicus and Metdpendeus ensis. 
Mainly because of the availability of experi
mental animals, we have successfully matured 
white prawn P. indicus. Already, we are 
rearing the F^ generation in our hatchery tanks 
since we first ablated wild females in March 
1979. 

Table 7 shows fecundity and hatching rate of 
P. indicus matured in broodstock tanks. 
Maturation tanks are more suitable than pens 
for P. indicm-sad other species that are small 
and cannot withstand too much handling. 

CONCLUSION 

The five years of research in prawn matura
tion at the SEAFDEC Aquaculture Department 
have been very rewarding in the sense that at 
present, all penaeid fry reared in the Tigbauan 
hatchery tanks come from females matured in 
captivity. The remaining problems clearly 
define the objectives for the coming years 
which pertain to (1) improving the reproductive 
performance of ablated pond stock P. monodon ; 
(2) inducing maturation in captivity of other 
penaeids suitable for pond culture; and 
(3) scaling down broodstock technology by 
decreasing tank and pen construction costs for 
extension to the small hatchery operator and 
others in the private sector. 
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INDUCED SPAWNING IN PARAPENAEOPSIS STYLIFERA 
(H. MILNE EDWARDS) USING A STEROID HORMONE, 

17-HYDROXY-PROGESTERONE 

R. NAGABUSHANAM, P. K. JOSHI Â D̂ G. K. KULKARNI 

Department of Zoology, Marathwada University, AurmgabadAil 004, India 

ABSTRACT ' 

For the current investigation, female prawns Parapenaeopsis stylifera were used. The mature 
female prawns having full grown ovaries were selected and divided into two groups (A and B), each con
taining 10 prawns and maintained them at low temperature (20°C) for 48 hrs, as compared to laboratory 
temperature (24-25°Q, before use. A single dose of 17 Hydroxy-pfogestierone (50 /•I/prawn=50 ;tg/ 
prawn), prepared in 100% Acetone : 6% NaCl (1:9) solution, was injected into the prawns of group A, 
whereas control prawns of group B received the same quantity of Acetone : NaCl solution. It was 
found that within 12 hrs, the prawns of group A were spawned whereas coati-ol prawns of group B were 
carrying the mature ovary. The results thus indkate that the steroid hcarmone, 17 Hydroxy-
progesterone, is useful to induce spawning in this penaeid prawn at lower temperature, at which the 
prawn naturally does not spawn. 

I N T R O D U C T I O N 

THE IMMENSE food value of marine praWns 
has attracted the attention of scientists all over 
the World for extensive and intensive culture cH 
selected prawn species. Hatchery for rearing 
prawns from egg through postlarvae stands to 
be a very important operation in the process 
of culture (Mack and Murphy, 1970; Alifcunhi, 
1978). Among the environmental parameters 
temperature seems to have profound influence 
on the breeding of marine animals (Crisp, 
1957). Rao (1973) indicated that intensive 
spawning of penaeid prawns is telated to rise 
in water temperature. Thomas et al. (1974) 
succeeded in spawning Parapenaeopsis stylifera 
at comparatively higher temperature (3'0°C!). 
However, a very scant attention, has been paid 
towards means of artificial spawning in penaeid 
prawns. 17 o(-hydroxy 20 /9-dihydroproges-
terone has been found promisiiig in ovulating 
the lower vertebrates like carps at lower teih-
perature (Jalbert et al, 1977). There are soAe 
reports in literatiire on steroid metabolism xa, 

decapod crustao îans (Teshima and Kaoazttwa, 
1971,1973 ; Brminskiaad'Klefc, 197^). There
fore, we thought it apt to see the effect of a 
cheaply available steroid preparation 17 
hydroxy-progesterone on the spawning of a 
commercially important penaeid prav?n, P. 
stylifera at lower temperatures, generally i^ 
which they do not spawn. 

Financial support received from ICAR, New 
Delhi through a 'Project on Peprodiictive 
Endocrinology otEdible Prawns' and laboratory 
facilities extended by Dr. S. N. Dwivedi, 
Director, CIFF, Bombay, foi this investigation 
are sincerely acknowledged. 

MATERIALS AND METHODS 

The adult intermoult and mature female 
P. stylifera were purchased from local fisher
men of Versova, fiomfeky and were litpught 
immfediately to the laboratory of the Central 
Institute of Fisheries Education, Bombay. 
Only spent animals in the size group 7lJi-76 mm , 
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were selected and maintained in the laboratory 
in glass aquaria containing constantly aerated 
sea water (salinity 34 ± 1 %„) at 24°C and 
under normal day night illumination. Prawns 
were fed on chopped Acetes indicus and Water 
Was changed partially every day and completely 
after every Week to avoid it from fouling. 
Only those prawns having well developed 
ovaries in captivity were used for the experi
mentation. Method to assess maturity stages 
was followed as given by Rao (1968). 

Injection material 

17 hydroxy-progesterone was supplied by 
Biogen Chemicals, Bombay. 10 mg of the 
hormone was dissolved in 1 ml of 10% cold 
acetone of 15°C. Resulting 1 ml solution was 
diluted with 6% NaCl to 10 ml. Final con
centration of the material used for injection 
was \ ix\ = \ ti% (hormone). 

Experiment 

20 matore female P. stylifera were divided 
in two groups viz. A and B, each containing 
equal number of prawns held in four aquaria 
at 20''C. Group A served as experimental 
whereas group B was the control. All ten 
prawns from group A were injected with 50 /tl 
(50 /ig) of the hormone and treated praWns were 
transferred back to the respective aquaria. 
Similarly tiie praWns from group B Were in
jected only with the mixture of Acetone: 
NaCl (1 :9). Injections were given in the 
abdominal musculature between 1st and 2nd 
abdominal segments. 

OBSERVATIONS AND RESULTS 

Immediately after injection prawns were 
found to be inactive for first 30 sec and soon 
after they resumed their normal movements. 
No allergic or abnornjal effect was noticed in 
the behaviour due to the hormone injection 
even after an hour's observation and prawns 
looked formal 

The prawns were kept under constant obser
vation after the injections. 5 hrs after the 
start of the experiment, the pravras injected 
with hormone started spawning as evidenced 
from the foam like water bubbles at the surface 
of water in experimental aquaria. There was 
no change in the control aquaria. 

After 12 hrs, water in each aquarium was 
sampled to note the larval development. 
Following stages were encountered only in the 
experimental aquaria (i) Eggs in various stages 
of cell proliferation, (ii) Nauplii inside the egg 
membrane and (iii) hatched nauplii (free swim-
ing). Group A animals showed no presence of 
ovarian tissue except one, which showed a 
reduction in the size of ovaries. Probably it 
might be due to the partial spawning. Group B 
prawns did not spawn at all and they were 
bearing mature ovaries. 

DISCUSSION 

The results of the current work have opened 
a new possibility of inducing spawning by 17 
hydroxy-progesterone in marine prawn P. 
stylifera. It has been reported that a steroid 
hormone progesterone brings about the 
ovarian maturation in a marine prawn P. 
hardwickii (Kulkami et al., 1979). Bomirski 
and Klek (1976) have shown that Human 
Chorionic Gonadotropin (HCG) stimulates 
oogonia in a sand shrimp Crangon crongon, 
to change rapidly in the meiotic oocytes. The 
possibility that 17 hydroxy-progesterone bring
ing about spawning in this prawn cannot be 
ignored as 17o(-hydroxy 20i8-dihydroproges-
terone successfully induced spawning in carps 
at low temperature (Jalbert et al., 1977). In 
case of carps, it has been suggested that injec
tion of 17o(-hydroxy 20i3-hydroprogesterone 
bypasses the synthesis of a steroid mediator at 
low temperature but is synthesised only when 
temperature is high and thus brings about 
successful spawning. Therefore it can be 
speculated that similar physiological mechanism 
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might be occurring in this prawn. It is reported 
that steroid receptors are present in marine 
prawn P. handwickii, and 17a(-hy4roxy 20jS-
dihydroprogesterone acts as steroid mediator 
in bringing about spawning in carps at high 
temperature. The need of exogenous supply 
of the steroid mediator at lower temperatures 
in both poikilotherms gaJns a good support. 
However, detailed studies are undergoing in 
our laboratory to draw the exact picture of the 

physiological mechanisms taking place after 
the injection of steroid and successive spawning. 

The role of steroids in the reproductive 
physiology ofprawns should attract the atten
tion of the scientists to establish this modern 
trend of artificial maturation and spawning. 
It may emerge as a more dependable technology 
over the currently known eyestalk ablation 
technique (Amstein and Beard, 1975; Santiago, 
1977; Haider, 1977). 
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ENDOCRINE REGULATION OF REPRODUCTION IN THE MARINE 
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(CRUSTACEA, DECAPODA, PENAEIDAE)* 

R. NAGABHUSHANAM AND G. K. KULKARNI 
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ABSTRACT 

Effects of bilateral eyestalk extirpation and injections of eyestalk (ES) brain (Br) and thoracic 
ganglia (ThG) extract on the ovarian development of eyestalkless (Experiment-I) and noimal 
(Experiment-II) Parapenaeopsis hardwickii have been investigated. Associated changes in the bio
chemical reserves of ovaries were estimated. The results of experiments showed Aiat eyestailk 
ablation and injections of brain and thoracic ganglia extracts into both eyestalkless and normal 
p. hardwickii led to the acceleration of ovarian growth. Injection of eyestalk extract had suppressed 
the ovarian growth in both eyestalkless and normal P. hardwickii. Among the biochemical reserves, 
accumulation of glycogen and lipid was noticed in grown ovary with a concomitant decrease in 
protein quantity. Hence, it was inferred that the hormones produced in eyestalks have inhibitory 
and brain and thoracic ganglia have stimulatory influence on ovarian growth of P. hardwickii. 

I N T R O D U C T I O N 

As EARLY AS in the first half of the twentieth 
century Panouse (1943) in a shrimp, Leander 
Brown and Jones (1947, 1949), in a crayfish 
Cambarus and a fiddler crab, Uca, and Takewaki 
and Yamamoto (1950 a, b) in a shrimp Paratya 
have evidenced the occurrence of an ovary 
inhibiting hormone in the eyestalks of these 
crustaceans. This discovery has given a new 
direction to investigate the hormonal regulation 
of reproduction in female crustaceans. Later 
on, the above studies were extensively ela
borated in several other crustaceans such as 
Pandalus kessleri (Aoto and Nishida, 1956), 
Carcinus maenas (Demexisy, 1965 a), Scylla 
serrata (Rangnekar and Deshmukh, 1968), 
Barytelphusa cunicularis (Nagabhushanam and 
Diwan, 1974), Penaeus japonicus (Laubier, 1975), 

* Financially supported by ICAR, New Delhi through 
a project on Reprod. Endocr. Edible Prawns. Labora
tory facilities provided by Dr. S. N. Dwivedi, Director, 
QIFE, Bonfbay are gratefully acknowledged. 

Penaeus orientalis (Arnstein and Beard, 1975), 
Homarus americanus. (Mauviot and Gastell, 
1976) and U. pugilator (Webb, 1977) and sug
gested that in the decapod crustaceans the 
ovarian maturation and function appears to be 
regulated by inhibitory hormonal factor pro;-
duced in the X-organ sinus gland complex io 
eyestalks. While investigating the role of 
central nervous systein ifl reproduction ot 
crustaceans, Otsu (I960, 19(64) found that the 
repeated implantation or iiyection of thoracic 
ganglia into the sexually inactive female iffab 
Potamon dehaani resulted in considerable 
ovarian growth. Gomez (1965) and Gomez and 
Nayar (1965) have also reported that besides 
the thoracic ganglia, the brain als(;̂  secretes an 
ovarian growth accelerating hormone in Hm 
crab Paratelphusa hydrodromous. Perryman 
(1969) has demonstrated three endocrine factors 
influencing the ovarian growth in malacostra-
cans ; two from the eyestalks and one from the 
supraoesophageal ganglion and stated that 
these factors, in common with several other 
q-usta,ce^n I^ornjones, are probably neuros^r«-
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tory. Recently Herbaut (1975) has indicated 
in Lithobius forficatus that the pars intercere-
bralis hormones activate the growth of oocytes 
whereas Demassieux and Balesdent (1977) have 
observed the cyclic variation in function of 
3 type neurosecretory cells of cerebral and 
nervous, cord ganglia of an isopod Asellus 
aquaticus, in relation to reproduction. Fore
going literature obviously reveals that very 
fragmentary information is contributed in this 
regard for marine penaeid prawns, hence the 
present study is designed to decipher the role 
of hormones, produced in dilFerent neuroendo
crine centres in oogenesis of a commercially 
valuable Indian marine prawn Parapenaeopsis 
hardwickii. 

MATERIAL AND METHODS 

About 130 adult and intermolt female 
prawns P. hardwickii were obtained from the 
coastal water of Versoya, Bombay. They were 
held in the laboratory under normal day/night 
illumination in 30 x 50 cm glass aquaria 
(10 prawns per aquarium) containing conti
nuously (aerated sea water (salinity 33-35 %o) 
at 23-25°C prior and during the experiments. 
Water was partially changed on every alternate 
days. The prawns were not fed during the 
period of the experiments which were run for 
twenty days, in two sets. Very jtess moftality 
was observed during the study. 

Experiment-I 

Seventy prawns of equal size were sdected 
and divided into seven groups each containing 
ten prawns. This set of experiment consists 
of normal eyestalk intact controls (Group I) ; 
20 days eyestalk extirpated and stubs cauterized 
(Group 11), eyestalkless prawns receiving injec
tions of crustacean saline (Pantin, 1934) (Group 
III), boiled eyestalk (Group IV), unboiled 
eyestalk (Grroup V), brain (Group VT) and 
thoracic ganglia (Group VII) extracts sepa^tely 
on 7th and 14th day of eyiestalk ablation count-. 
ing from the day 0 of the extirpation. 5Q iilj 

prawn of crustacean saline and the extracts 
of eyestalks (2 ES), brain (IBr) and thoracic 
ganglia (1 ThG) were injected separately for 
every time. 

Experiment-II 

Fifty prawns of equal mie> were selected and 
divided into five groupS^ each: consisting 10 
prawns. This set contains the normal (eyed) 
controls (Group A), normal injected with 
crustacean saline (Group B), unboiled eyestalk 
(Group C), brain (Group D) and thoracic 
ganglia (Group E) extracts on 7th and 14th 
day separately. Quantity and concentration 
of the saline and extracts of difiFerent neuroendo
crine centres injected were the same as used in 
the first set. 

Methods of eyestalk ablation, preparation 
and injection of ES, Br and ThG extracts and 
maintenance of the posfe-treated prawns were 
the same as desi^ibed hy N^gabhu&hanam and 
Kulkami (1978). Ovarian index (01), histo
logical preparation and scrutinization of the 
ovary and biochemical estimations were done 
by the procedure of Kulkami et «/. (1979). 
Significancy of the obtained data was statisti
cally analysed l^ applymg student ' t ' test. 

RESULTS 

Experiment-I: Effects of eyestalk ablation and 
injections of eyestalk, brain and thoracic 
ganglia extracts on the ovarian growth of 
eyestalkless P. hardwickii. 

Data given in Table 1 clearly ^ow that 
there was a significant (P < 0.01) increase in the 
01 and the oocyte diameters of the prawns in 
Groups II, VI aad VII when compared with the 
control prawns of Group I whereas 01 and 
oocyte diameter declined significantly (P < 0.01) 
in the prawns of Group V as compared to the 
prawns of Group II and did not differ signi
ficantly (P > 0.05) from Group I. Among the 
biochemical reserves, total glycogen and lipid 
quantity incre^d wd protein content 



TABLE 1. Effect ofeyestalk ablation and injections ofeyestalk and CNS extract in eyestalkless prawns, on 
the development and associated biochemical contents of ovary in female P. bardwickii 

Treatments 
Average wt. 

No. of of ovaries 
Prawns (gms) 

± S.D. 

Average Ovarian 
oocyte Index 

diameter (ji) (OI) 
± S.D. ± S.D. 

% Protein % Glycc^en % Lipids 
± S.D. ± S.D. ± S.D. 

Normal (control) (Group I) 

Eyestalk ablated cauterized (Group II) 

18 

20 

Eyestalkless + SO ftl/P MiysidogKal saline . . 18 
(Group III) 

Eyestalkless + 50 /tl/P ( = 2 ES/P) boiled ES 20 
extract (Group IV) 

Eyestalkless + 50,d/P ( = 2 ES/P) unboiled 20 
ES extract (Group V) 

Eyestalkless + 50 fAlf (= 1 Br/P) of Brain 21 
extract (Group VI) 

Eyestalkless + 50/J/P ( = 1 ThG/P) of ThG 20 
extract (Group VII) 

0.500 
+ 

0.040 

4.560 
+ 

0.410 

4.300 
± 

0.700 

4.200 
+ 

0.350 

1.800 
+ 

0.110 

6.290 
+ 

0.220 

5.985 
+ 

0.185 

80.65 
+ 
Z25 

136.85 
± 
4.15 

134.65 
± 
4.25 

133.15 
± 
3.45 

90.75 
+ 

3.05 

15Z28 
± 
2J2 

148.31 
± 
2.44 

1.5 
+ 

0.42 

6.4 
+ 

0.66 

5.9 
± 

0.81 

6.0 
± 

0.50 

2.9 
± 

0.32 

7.0 
± 

0.30 
6.8 
± 

0.22 

5.676 
± 

1.13 

3.121 
± 

0.78 

3.461 
± 

0.84 

3.341 
± 

0.66 

4.932 
± 

0.37 

2.634 
+ 

0.37 

2.741 
± 

0.26 

16.634 
+ 

1.27 

21.864 
+ 

2.04 

21.514 
+ 

1.69 

21.381 
+ 
1.32 

17.036 
+ 

1.87 

23.984 
± 

1.32 

23.67 
± 

1.43 

1.661 
+ 

0.14 

3.941 
+ 

0.26 

3.634 
+ 

1.11 

> 
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3.448 
+ 

1.16 

Z016 
± 

a79 

4.021 
+ 

1.03 

3.996 
± 

1.11 

> 
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decreased significantly (P < 0.05) in ovaries of 
the prawns in Groups II, VI and VII as com
pared to the values of the prawns in Group I 
but a significant (P < 0.05) decrease in total 
glycogen and lipid was observed in the ovaries 
of the prawns in Group V when compared 
with the values of the prawns in Group II 
and were insignificantly (P > 0.05) variable 
from the values of Group I. 

Experiment'II: Effect of eyestalk, brain and 
thoracic ganglia extract. injections on the 
ovarian growth of the normal P. hardwicfcii. 

Data presented in Table 2 clearly indicate a 
significant (P < 0.01) increase in 01 and oocyte 
diameter in the prawns of Groups D and E 
whereas a considerable decrease in 01 and 
oocyte diameter was noticed in the prawns of 
Group C when compared with the values of 
Group A. Total glycogen and lipid concentra
tions augmented and protein quantity declined 
significantly (P < 0.05) in the ovaries of prawns 
in Groups D and E as compared to the Group 
A, but a slight decrease in glycogen and lipid 
content and increase in protein concentration 
was observed in the ovaries of the prawns in 
Group C which were not significantly (P > 
0.05) different from Group A. 

DISCUSSION 

As early as in 1955, Benett and Giese for the 
first time, had described the gonad index as a 
function of reproductive activity of marine in
vertebrates. It is quite clear from the data 
obtained in our current study that there was an 
increase in the 01 of the eyestalkless prawns 
accompanied by augmentation in the average 
ovarian weight and oocyte diameter. Histo
logical observations of the ovaries indicate that 
ovarian growth is coupled by a rapid onset of 
vitellogenesis. In the normal control prawns 
the oocytes were compact and adhered to each 
other having homogenous ground cytoplasm, 
but oocytes of growing ovaries were dilfeTen-

tiated and larger in size and cytoplasm has 
become quite dense and granular, indicative of 
vitellogenin synthesis. The inhibition of the 
ovarian growth and vitellogenesis was found 
in the eyestalkless prawns administered with 
the unboiled eyestalk extracts. Results similar 
to those reported here were also obtained by 
Rangnekar and Deshmukh (1968) in S. serrata, 
Bomirski and Klek (1974) in Crangon crangon, 
Nagabhushanam and Diwan (1974) in B. 
cunicularis, Charniaux-Cotton (1975) in 
Orchestia gammarellus and Lysmata seticaudata 
and Webb (1977) in U. pugilator who reported 
that well known inhibitory hormone released 
from the eyestalks regulates the ovarian growth 
and vitellogenesis and ablation of which is 
resulted in acceleration of ovarian development 
and vitellogenesis. The suppression of the 
ovarian growth in eyestalkless prawns by eye
stalk extract injection is not complete because 
the values of their OI and oocjrte diameter are 
relatively greater than those of the normal 
control prawns. The reason for this incom
plete inhibition may be speculated as due to 
time that is passed between ablation of the 
eyestalks and the injections of the eyestalk 
extract, during which period the blood titer 
of the inhibitor slashed to such a point that a 
gonadal growth accelerating factor was allowed 
to liberate from elsewhere in the body. These 
our findings agree well with the similar obser
vations recorded for crabs and crayfishes by 
earlier researchers (Brown and Jones, 1949; 
Rangnekar and Deshmukh, 1968 ; Naga
bhushanam and Diwan, 1974). Boiled eye
stalk extract did not show any effect on the 
ovarian growth of eyestalkless prawns, indi
cating the proteinaceous nature of eyestalk 
hormone which is destroyed after heating 
as reported in several other crustaceans 
(Fingerman, 1974). Hence, the results of our 
study suggest that eyestalks of P. hardwickii 
secrete an ovarian growth inhibiting or vitello
genesis suppressing principle which is protein
aceous in nature. During the complete period 
of our experiments, no moulting was observed 



TABLE 2. Effect ofeyestalk and CNS extract injections on the development and associated biochemical constituents 
of ovary in normal female P. hardwickii 

:& 

Treatments 
No. of 
prawns 

15 

15 

16 

18 

18 

Average wt. 
of ovaries 

(gms) 
+ S.D. 

0.600 
+ 

0.05 

0.640 
+ 

0.08 

0.505 
+ 

0.06 

4.650 
+ 

0.20 

4.860 
+ 

0.31 

Average 
oocyte 

diameter (/*) 
± S.D. 

76.85 
+ 
1.15 

78.15 
+ 
2.85 

65.45 
+ 
3.15 

125.65 
+ 
3.35 

119.85 
+ 
3̂ 15 

Ovarian 
Index (OI) 

± S.D. 

2.1 
+ 

0.31 

2.3 
+ 

0.22 

1.54 
+ 

0.16 

6.1 
+ 

0.41 

5.7 
+ 

0.52 

% Protein 
± S.D. 

6.105 
+ 

1.05 

6.088 
+ 

1.12 

6.904 
+ 

1.25 

3.245 
+ 

0.81 

3.186 
+ 

0.42 

% Glycogen 
± S.D. 

18.735 
+ 

1.37 

18.334 
+ 

1.22 

16.860 
+ 

1.24 

23.648 
+ 

2.01 

22.775 
+ 
1.93 

% Lipids 
± S.D. 

1.945 
+ 

0.11 

1.810 
+ 

0.24 

1.245 
+ 

0.11 

3.991 
+ 

0.53 

3.938 
+ 

1.11 
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Normal (control) (Group A) 

Normal + 50 ̂ 1/P Physiological saline 
(Group B) 

INormal + 50 ,il/P (= 2 ES/P) eyestalk 
extracts (Group C) 

Normal + 50 ^1/P (= 1 Br/P of Brain 
extract (Group D) 

Normal + 50 iitl/P(= 1 ThG/P)ofThG 
extract (Group E) 
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m. the eyestalkless P. kardwickii. It is demon
strated earlier that in a large number of crusta
ceans removal of eyestalks. leads, to the 
acceleration of moulting and not to gonadal 
development, because mouit inhibiting principle 
resides in eyestalks. Bauchau (1961); 
Demeusy (1965 a, b) and Bliss (1966) have 
reported in the brachyurans that an antagonism 
exists between the process leading to the somatic 
growth as indicated by moulting in juvenile 
crabs and those leading to the gonadal growth 
in mature ones. Therefore, when eyestalks 
are removed, whatever the set of physiological 
process is dominant at the moment becomes 
visible. Hence, we can infer that eyestalk 
ablation in P.hardwickii induce ovarian growth 
and not moulting, although an antagonism may 
be expected to exist between the process lead
ing to moulting and gonadal growth, the latter 
was found to dominate in this prawn. 

For brachyurans it was reported previously 
that the ovarian growth is regulated by two 
antagonistic factors, one stimulating and other 
inhibiting, produced and liberated in different 
neuroendocrine centres of the same individual 
(0tsu and Hanaoka, 1951). In the present study 
we found that the brain and thoracic ganglia 
extracts when injected into the eyestalkless as 
well as normal P. hardwickii, there was a rapid 
growth of ovary indicating significantly en
hanced OI, oocyte diameter and average 
ovarian weight. Therefore, it is'inferred that 
borain and thoracic ganglia produces a factor 
which accelerates the ovariaii growth in this 
prawn. Our observations resemble well with 
the earlier reports of Gomez (1965), Gomez 
and Nayar (1965) and Nagabhushanam and 
Diwan (1974) who have evidenced the presence 
of an ovary stimulating principle in the brain 
of the crabs. Herbaut (1975) has reported in a 
myriapod crustacean L. forficatus that the 
hormone of pars intercerebralis accelerates the 
growth of oocytes. Otsu (1960, 1964) has 
observed, that thoracic ganglia, of the crab 
P. dehaani possess, a factor which stimulates 

the ovarian growth. Matsumoto (1958) found 
in the Eriocheir that the secretory activities of 
some of the neurosecretory cells in the thoracic 
ganglia correspond fairly well with the seasonal 
ovarian development.. Recently, Demassieux 
and Balesdent (1977) have observed a q^clic 
change in the i8 type neurosecretory cells of 
cerebral and nervous cord ganglia of an isopod 
A. aquaticus in relation to reproduction. 

The important biochemical reserves of many 
crustaceans are glygogen andlipid (O'c onner and 
Gilbert, 1968 ; Hoank and Scheer, 1970), which 
are accumulated in the ovaries and depleted 
from the midgut gland during the oogenesis, 
because these organic materials are transferred 
from the midgut gland to the maturing ovaries. 
Particularly glycogen serves as a reserve food, 
and utilized for the formation of ovarian 
products. In this study we found that during 
the ovarian development of the prawns in both 
the experimental sets (Groups II, VI, VII and D 
and E) there was a significant increase in the 
glycogen and lipid quantities of the ovaries. 
Hence, it can be surmised that these accumu
lated organic constituents must be channelled 
from the midgut ^mA which serves as a food 
reservoir, which is to be used for the formation 
of viable reproductive elements, as evidenced 
earlier (Kulkami et al., 1979). Our prediction 
was strengthened by the similar observations 
of Jyoti (1974) in Caridina weberi, and Diwan 
and Nagabhushanam (1974) in B. cunicularis.. 
In a crayfish Orconectes nais (Rice and Armitage, 
1974) it had been shown that the lipid mobilizes 
from the midgut ^land to the ovary as it 
matures which is coupled with a marked in
crease of lipid content in ovaries. Thus, in 
P. hardwickii, the midgut gland reserves were 
shifted to the ovaries during its maturation in 
which the glycogen and lipid quantities were, 
increased accompanied by decrease in protein 
content showing the conversion of protein into 
other organic substances to meet energy requisi
tion- during ovarian maturation. Similar 
observations were recorded by Martin (1973) 
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m Carcinus maenas and Zerbib (1977) in O. 
gammarellUs indicating the protein absorption 
during oogenesis. Thus, the ovarian growth is 
reflected by changes in the energy reserves of 
the midgut gland and ovaries of P. hardwickii 
(Kulkarai and Nagabhushanam, 1979). Con

sequently, the biochemical changes Of midgut 
gland and ovaries are of unique importance for 
deciphering energetics of reproduction as they 
show the pattern as to how the gonads are con
verting organic reserves into the reproductive 
activities. 
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SURVIVAL, MATURATION, FECUNDITY AND HATCHING RATES 
OF UNABLATED AND ABLATED PENAEUS INDICUS H. M. EDWARDS 

FROM BRACKISHWATER PONDS* 

J. H. PRiMAVERA, T ; YOUNG AND C . DE LOS REYES 

Aquaculture Department, Southeast Asian Fisheries Development Centre,, 
P. O. Box 256, lloilo City, Philippines 

ABSTRACT 

Penaeus indicus H. M. Edwards harvested after three months of rearing in bracki^iwater ponds aad% 
averaging 6.9 g for females and 5.6 g for males were stocked in two 12 cu m flowthrough ferrocement 
tanks at 240 females and 200 males per tank. The females were ablated on one eyestalkr in one tank 
and remained unablated in the other tank;. all males were unablated. Ablated females spawned up to 
7 times per female; unablated females spawned up to only 3 times during the two month duration of 
the experiment. Ablated females produced a total number of 17.5 x 10' eggs, 6.6' X 10' nauplii, and 
an average of 23,480 eggs/spawning and 37.8 % hatching rate from a total of 757 spawnings. Unablated 
females produced a total of 2.0 x 10' eggs, 1.1 x 10' nauplii, and an average of 26,990 eggs/spawning 
and 53.9% hatching rate from a total of 74 spawnings. Siirwval of ablated females was 53.5 % compared 
to 69.4 %,for unablated females; males in both tanks averaged more than 90 % survival. 

INTRODUCTION 

AFTER four years of experience with the sugpo 
Penaeus monodon at the SEAFDEC Aquaculture 
Department, ft became apparent that, at least 
in tloilo province, the dry months of December 
to March constitute an 'off season' for the 
species in terms of water temperature in hat
chery tanks which is too cold for larval rearing 
and pond salinity which is too high for culture 
(Yap et al., 1979). 

Moreover, there is a need to provide the 
seed of other prawn species for polyculture in 
brackishwater ponds with P. monodon or with 
finfish such as the milkfish Chanos chanos. 
Interestingly, local cuisine favours the use of 
smaller sized shrimp instead of the large sugpo 
in the preparation of kinilaw and other native 
recipes. 

•Contribution No. 59 of the SEAFDEC Aquaculture 
Department. 

Toward this end, screening studies started 
in 1978 have included half a dozen species. 
So far, Penaem indicus, locally known as 
Putian oi' Hipong puti (meaning white shfimp 
in reference to its light colour) is the most 
promising in terms of maturation. Prelimi
nary observations show that P. indicus matures 
in captivity with or without ablation (Prima-
vera and Yap, 1979) and that both larval 
rearing and pond culture are relatively easy. 

The objective of this experiment is to compare 
the effect of unilateral eyestalk ablation, a 
method associated with P. monodon culture 
(Primavera et al, 1978), on maturation and 
survival in P. indicus for purposes of standar
dizing broodstock techniques for the ^)ecies. 

MATERIALS AND METHODS 

P. indicus were harvested from brackish
water earthem ponds after three montihs of 
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rearing from hatchery-reared postlarvae (PyPs) 
atid stocked in two maturation tanks. Average 
body weight was 6.9 g for females and 5.6 g for 
males. 

The circular ferrocement maturation tanks 
are 4 m wide and 1 m deep with a total 
water volume of 12 cu m. Sand-filtered 
seawater is pumped through perforated poly
vinyl chloride pipes located in the coralline 
substrate and drained through a central 
cylinder. The 24 hour water flow through 
accounts for a daily exchange of 2-4x total 
water volume. Airstones are provided in 
case the water pump breaks down. A dark 
cloth cover reduces light intensity inside the 
tanks. 

After one week of acclimation, the females 
in one tank were ablated by pinching either 
the left or right eyestalk of the prawn between 
the thumb and forefinger and squeezing the 
eye contents outwards. The females in the 
second tank and the miales in both tanks remai
ned unablated. Upon examination, males were 
found to have well-developed spermatophores. 

The animals were daily fed shelled frozen 
mussel Modiolus metcalfei in the morning and 
commercial pellets in the afternoon at a com
bined 3% of total biomass. Excess food was 
siphoned out every morning and feeding rate 
adjusted according to daily consumption. 

feguldf sampling of the broodstock (n=20) 
for me&,silrements of body weight (B.W), 
car t̂pace length (C.L=base of eye notch to 
end of carapace) and body length (B.L=base 
of eye notch to tip of telson) was undertaken. 

The maturation tanks were examined for 
mature females every 2-3 days. Females with 
fully mature ovaries, visible as greenish masses 
through the transparent dorsal exoskeleton, 
were scooped out and placed in 300 litre conical 
fiberglass spawning tanks at 5-20 femaltes per 
tank. The animals rested on a black nylon 
net, placed above the tank bottom to prevent 
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the spawners from eating eggs that may settle 
on the bottom. {P. indicus spawners placed in 
glass aquaria had been earlier observed to eat 
their eggs). 

Once a female had spawned, it was tagged 
on the unablated eyestalk with a 2x15 mm 
brass tag. With each subsequent spawhing, the 
old tag was replaced with a new one bearing 
the appropriate number code for the spawning. 

Egg counts were obtained by stirring the 
water to achieve a uniform suspension of the 
eggs, taking three one-litre aliquot samples, 
counting the number of eggs in each sample 
and multiplying the average by the total water 
volume of the spawning tank. Nauplii counts 
were obtained in a similar manner and hatching 
rates for eggs from a number of spawners in a 
single tank computed accordingly. 

The ranges of physico-chemical parameters, 
monitored at 9.00 a.m. three times a week 
were (a) temperature: 26.0-31.8°C ; (p) 
salinity : 26.4-31.9 ppt; (c) pH : 7.3-8.1 ; (rf) 
alkalinity: II5-186ppmand(e)NOa-N:0-0.205 
ppm. Low salinities of 15-16 ppt were recorded 
during a typhoon in late September. Dissolved 
oxygen measured at the start and end of the 
experiment ranged from 5.3 to 5.8 ppm. 

The study was started on July 25, 1979 
and terminated on October 1, 1979 after 
68 days. 

RESULTS AHD DisctrssioN 

The z-test showed a significantly higher survi
val at 69% for unablated females compared to 
53% for ablated P. indicus after two months 
(Table 1). The higher mortality rates for the 
ablated group could be due to the added stres
ses of ablation and spawning (upto a maximum 
7 spawnings for one female). Males in both 
groups had a higher survival for over 90% 
(Table 1) compared to both unablated and 
ablated females. This can be traced to lack 
of handling and spawning stress, as observed , 
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elsewhere for P. monodon broodstock (Prima-
vera et al., 1978). 

In terms of growth, males in both groups 
showed similar trends (Fig. 1). Unablated 
females tended to be bigger although the t-test 
showed ho significant difference in body length 
and weight between ablated and unablated 
females. However, bilaterally ablated P. mono
don reached twice the body weight of unablated 
controls after 1.5 months in rearing ponds 
(Alikunhi et al., 1975). 

for ablated P. indicus and 26,990 eggs/ 
spawning for unablated females (Table 1). 
However, average hatching rate, of 53.9% 
was significantly higher for unablated females 
compared to 37.8% for ablated spawners. 
With ablated females spawning upto 7 times, 
the period between successive spawnings (as 
short as three days) was probably inadequate 
for complete ovarian development. This could 
result in poorer egg quality and a lower 
hatching rate. In contrast, Rao (1968) stated 

TABLE 1. Growth and survival of unablated and ablated Penaeus indicus in maturation tanks 

Unablated 
Male Female 

Ablated 
Male Female 

No. stocked 
No. survivors 
% survival* 

Ave. C. L. (mm) 
Initial 
Final 

Ave. B. L. (mm) 
Initial 
Final 

Ave. B. W. (g) 
Initial 
Final 

200 
186 
93.0 

18 
21 

73 
85 

5.6 
9.7 

242 
168 
69.4 

20 
24 

78 
94 

6.9 
13.2 

200 
184 
92.0 

18 
21 

73 
86 

5.6 
9.4 

245 
131 
53.5 

20 
24 

78 
91 

6.9 
12.0 

* z-test showed significant difference between unablated and ablated females at 5% level. 

Ablation had a positive effect on maturation 
in terms of a greater number of spawnings 
per female and a consequent ten fold increase 
ia total number of spawnings, an eightfold 
increase in total number of eggs and a sixfold 
increase in total number of nauplii produced. 
Ablated females produced a total number of 
757 spawnings, 17.5 x 10* eggs, and 6.6 x 10' 
nauplii compared to a total of 74 spawnings, 
2.0 X 10' eggs, and 1.1 x 10' nauplii from 
unablated females (Table 2). 

The z-test showed no significant difference 
in average fecundity of 23,480 eggs/spawning 

that in nature, the interval between spawnings 
from a P. indicus female is two mpntlis,., 

More than 90% of the ablated females had 
the first spawning within three weeks after 
ablation (Fig. 2). Rematurations constitute 
a greater proportion of later spawnings. It is re
markable that practically 100% of ablated 
females had at least one spawning compared to 
less than 25 % for unablated ones (Tables 3, 4, 
and Fig. 2). (The count of 308 ablated females 
with a first spavraing in Table 4, 63 more 
than were initially ablated, can be explained 
by some spawnings occurring during the intervsJ 
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between samplings of the maturation tank 
and therefore going unrecorded). Within 
a comparable period, the total number of 
spawners obtained from P. monodon constitutes 

According to Rao (1968), a female of 140 mm 
total length can yield 68,000 eggs. The closest 
figure to this is a fecundity of 95,000 eggs for 
the third spawnings in the unablated group 

unoblottd 0 
0 o oMoitd o 
• A iifioblat«td'(»/un««iaJ 
A A unoWattd J(w/ab. g l 

20 30 
NO. OF DAtS 

Fig. lo. Carapace length of unablot«l and oblotfd Penoeus Indicut 
in molurotion tonlu. 
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10 20 90 60 30 40 
NO, OF DAYS 

Fig lb. Body length or unobloied and ablated P»noeu«. Indicut 
in maturotian lonks. 
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Fig. Ic. Body weight of ablated and unablated Penoeus Indlcue 
In molurotion tanks. 

only around 30% of initial ablated population 
(Primavera et al, 1978). 

Fecundity tends to increase with subsequent 
spawnings in both unablated and ablated 
females (Tables 3 and 4). This may be due 
to the increase in size of the females (Fig. 1). 

(Table 3). It may be that as unablated females 
become older and larger, the rate of maturation 
and number of spawnings will increase. A 
second run using older and larger P. indicus 
pond-stock should provide valuable infor
mation. 
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TABLE 2. Maturation in unablated and ablated Penaeus indicus in maturation tanks 

Unablated Ablated 

Total no. spawnings (first and subsequent spawnings) 
Total no. eggs produced 
Ave. no eggs/spawning 
Total no. nauplii produced 
Ave. % hatching rate* 

. . 74 
1,997,000 

26,990 
1,076,000 

53.9 

757 
17,473,000 

23,480 
6.599,000 

37.8 

* 2'test showed sfgnificant difference between unablated and ablated females at 5 % level. 

TABLE 3. Number of spawnings, fecundity and hatching rate in unablated Penaeus indicus /« 
maturation tanks over a two-month period 

Spawnings 
Total no. Total no. Total no. Ave. % Ave.no. 
spawnings eggs produced nauplii produced H.R. eggs/spawning 

1st 
2nd 
3rd 

57 
15 
2 

1,320,000 
487,000 
190,000 

747,000* 
310,000 

19,000 

57.6 
63.6 
10.0 

23,160 
32,470 
95,000 

Total 74 1,997,000 1,076,000 53.8 26,990 

Nauplii from one spawning not counted. 

TABLE 4. Number of spawnings, fecundity and hatching rate in ablated Penaeus indicus in 
maturation tanks over a two-month period 

Spawning 

1st 
2nd 
3rd 
4th 
5th 
6th 
7th 

Total . 

Total no. 
spawnmgs 

308 
189 
121 
77 
42 
17 
3 

757 

Total no. 
eggs/produced 

5,871,000* 
3,914,000 
3,388,000 
2,042,000 
1,361,000 

805,000 
92,000 

17,473,000 

Total no. 
nauplii produced 

2,399,000 
1,304,000 
1,286,000 

753,000 
634,000 
216,000 

7,000 

6,599,000 

Ave. % 
H.R. 

40.9 
33.3 
38.0 
36.9 
46.6 
26.8 
7.6 

37.8 

Ave. No. 
eggs/spawning 

19,900 
20,700 
28,000 
26,520 
32,400 
47,350 
30,670 

23,480 

* 13 spawners with no egg counts. 

http://Ave.no
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200 

lOO 

SPAWNINGS 

Fig. 2. Weekly number of first and subsequent spawnings of ablated 
pond stock Penaeus indicus. 

Hatching rate is more or less the same except 
for the last spawnings in both unablated and 
ablated females (Tables 3 and 4). This could 
be related to both availability and viability of 
sperm in the thelycum of the female. If an 
ablated female undergoes another spawning 
as quickly as three days after the previous one 
for a total of 3-4 spawnings within one inter-
moult period, the quantity and quality of sperm 
may be greatly decreased after the first few 
spawnings. Only after the next moult could 
the female mate and get a fresh spermatophore 
deposition. 

On ^t le^st one occasion, xye could find no 

eggs in the spawning tank although the females 
had obviously spavraed since the spent ovaries 
were visible through the dorsal exoskeleton. 
The only conclusion is that the females had 
reached the tank bottom by somehow penetra
ting the nylon material and eaten their eggs, 
an observation earUer made for P. monodon 
(AQUACOP, 1977). 

Most of the nauplii were viable and were 
reared in hatchery tanks, forming the Fg 
generation. The animals in this experiment 
came from Fj postlarvae reared in the 
hatchery and stocked in the Leganes ponds 
in April 1979. 
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Rl^ARED BROODSTOCK OF PENAEUS MONODON 

AQUACOP* 

Centre Ocianologique du Pacifique 
CNEXO-COP B. P. 7004 Taravao, Tahiti {French Polynesia) 

ABSTRACT 

Since 1975, maturation and spawning in captivity of Penaeus monodon has been achieved in the 
* Centre Oc6anologique du Pacifique *, a CNEXO Centre in Tahiti. The five first animals have been 
imported from Fiji Islands and in May 1979, four generations have been obtained. 

Under the rearing conditions followed at the Centre, reproduction is achieved all throughout the 
year. Maturation is induced by unilateral eyestalk ablation on pond reared aoitnals^maintained in tanks 
on adequate food. 

Results concern mating behaviour, ovarian development, number of spawnings per female and egg 
viability. The rearing and the maintenance conditions of the captive broodstocks are particularly 
important to obtain reliable results necessary to sustain commercial hatcheries. Mass production of 
postlarvae is routinely achieved. 

INTRODUCTION 

A RBLATiVBLY Stable environment in French 
Polynesia allows year round culture of penaeid 
shrimp. As no local shrimp of commercial 
interest lives in the surrounding waters, different 
foreign species were tested and the prerequisite 
was the possibility to obtain maturation and 
reproduction in captivity. Since 1973 the 

• Aquaculture team of the ' Centre Oc6anologique 
du Pacifique' 

— Algae and mollusc cultures: J. L. Martin, 
D. Coatanea, O. Millous, Y. normant, O. Le 
Moine, G. Oudin, T. Belle. 

— Nutrition : A. Febvre, J. J. Laini, J. M. Peignon, 
P. Mar^chal. 

— Water quality control and treatment: J. Calvas, 
V. Vonnau. 

— Pathology : J. F. Le Bitoux, G. Breuil, S. Robert. 
— Crustacean and fish cultures: P. J. Hatt, 

M. Jarillo, J. P. Landret, J. Goguenheim, 
F. Fallourd, O. Avalle, J. Moriceau, S. Brouillet, 
H. Crieloue, H. Pont, D. Amaru, V. Vanaa, 
A. Bennett, D. Sanford. 

— Technology : J. F. Virmaux. 
— Aquaculture program coordinator in tropical 

area; A. M'chael, 

Centre Oc6anologique du Pacifique (COP) has 
achieved this goal on seven different species 
using unilateral eyestalk ablation to induce 
ovarian maturation. AQUACOP 1975, 1977a, 
1977 b and successive generations have been 
obtained. For tropical conditions and 
specially high water temperatures 25''C-35°C 
Penaeus monodon is one of the best candidate 
(AQUACOP 1977 a). This paper deals with the 
results obtained so far at the COP in rearing 
broodstock and closing the cycle for that Indo-
Pacific species which is particularly abundant 
in the Philippines, Taiwan and Indonesia where 
it is cultured mostly mixed with Chanos chanos 
(Ling, 1972). 

MATERIALS AND METHODS 

The COP is located in the Vairao lagoon 
where the water is largely renewed by the swell 
action above the barrier reef; this provides a 
true oceanic water which gives a stable environ
ment. The temperature fluctuates from 25°C 
in the winter to 29°C in the summer, the Salinity 
is 35 ppt and pH remains constant at 8.2. 
The load in organic matter is always low. 
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The first broodstocfc has been constituted 
from 14 juveniles and adults captured in the 
wild in Fiji and New Caledonia. All the other 
animals are bom and reared in captivity through 
the new generations. 

Different kind of ponds and tanks are used 
to grow the shrimps to the maturation size: 
earthen ponds from 700 to 2,500 m* and con
crete tanks with compacted coral bottom from 
700 to 1,200 m* where the daily renewal of the 
water varies around 10% of the total volume. 
The new constituted broodstocks are trans
ferred in a 400 m* tank of 2 m water depth 
where the water is injected in the sand bottom 
through imbedded perforated plastic pipes. 

The largest and healthiest animals selected 
by divers are stocked in 12 m' circular matura
tion tanks previously described (AQUACOP, 
1975 ; 1977 b) : the water depth is 80 cm, the 
substrate is coral sand and the water renewal 
is 2-3 times daily. The temperature varies 
from 24» to 19°C. 20 females from 50 to 150 g 
and 20 males from 40 to 60 g mean weight are 
placed in each tank. Compound pellets of 
60% protein with a supplement of frozen squid 
flesh are distributed twice a day. Unilateral 
eyestalk ablation is practised on the females 
by simple pinching of the eyestalk and each is 
double tagged : ring of an elastic silicone tube 
bearing a label is inserted around the remaining 
eyestalk and an other label is glued on the 
carapace or inserted on the rostrum. When 
moulting the first tag stay on the animal as the 
other one is found on the discarded carapace. 

This technique allows to follow each female 
individually in a tank. The females are 
examined every day at daWn for ovarian 
development without handling to avoid 
stresses: this is done under the bsam of a 
water proof handlight as the dark carapace does 
not allow a direct viewing of the ovaries. The 
developing ones are removed in smaller tanks 
from 150 1 to 2 m' where a supplement of 
Troca fl«sh and fresh mussel is added. Eggs 

are collected by passing the water through a 
sieve of 100 fi. The spawning quality is 
determined by the percentage of normal, 
abnormal and unfecundated eggs. Larvae are 
reared using the Galveston technique in 500 
1 or 2 m' tanks at density of 50 to 100 post-
larvae/litre. 

RESULTS 

In the described rearing conditions a,nd in 
selecting the biggest animals it takes about 9 to 
12 months to constitute a new broodstock: 
6 months to reach 30 g size and 3 to 6 months 
more to reach 50 to 120 g size when matura
tion occurs (Fig. I). The first spawning was 
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Fig. 1. Number of spawning in relation to weight 
of females. 

obtained in November 1975 and in May 1979 
F4 generation Was achieved. 

In the maturation tanks adults P. monodon 
lie on the sand substrate and rarely burrow, 
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their swimming activity is also low day and 
night. The moulting periodicity \ot epedun-
culated females is about 3 weeks. An extei^ion 
of this period is an indication of too old or 
Weak animals. 

If the eyestalk epeduneulation is doi\e on 
healthy animals no mortality occurs except for 
freshly moulting females. 

Above 25°C and for ejpedunculated animals 
maturation and spawning occur throughout 
the year although the ovarian development is 
minimal during the coldest period frcwn" July 
to September. The feW spaWnings of non-
epedunculated females have been recprd^d in 
May and June. The observed courtship and 
mating behaviour takes place at dawn just after 
the moulting of the females when the shell is 
soft; itragrees with the detailed description 
of Primavera (1979). The success <rf the 
impregnation can be seen the next morpng by 
a remaining whitish jelly hanging from the 
thelycum splits. 

After ablation the miniimup time for a female 
to develop full ovaries apd to spawn ̂ s three 
days, maximum time is three to four weeles and 
in this case one moult' happens before the 
maturation begins. 

The duration of the ovarian development 
itself is also variable; for some animals it 
takes three to four days for others it tan last 
two weeks (Table 1). 

The colour of the devtelopping g§nad is 
first whitish then it turns greenish to be dark 
green on spawning day ; there is somsi excep
tions and the colour could be only whitish the 
spawning day. For some females it is quite 
easy to determine exactly the spawning day as 
their ovaries show a large swelling in the first 
abdominal segment, unfortunately females can 
also spawn wh^ftthe ovaries are just dey^loped 
without swelling. The texture is more signi
ficant and must be granulous but it is necessary 
to handle the animal with a subsequent Istitsil 

Table 1 and 2 and Fig. 2 give the detailed 
results of some'particiJstr experiment in matura
tion tanks. It can be seen : 

— the number of maturation and subse
quent spawning is high during a two month 
period after tha|(th? number and the quality 
of spawning decreased heavily as the healthy 
state of the stock decreased (Table 2). 
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Fig. 2, Spawning frequency in P. monodon. 

— each female can give several spawnings 
in a short period.of time between two moults : 
after each spawning the gonad is completely 
empty but can start ^gain to develop the next 
day (Table 1 and Fig. 2). 

t The same stoidc of sperm is used for the 
different spawning^ and the number of fertilized 
eggs generally §«feins in relation With the 
quantity of sperm'"injected in the thelycum. 

— regression of developing ovaries occurs. 
Stress during handling can be suspected but 
is afsd occurs WftA* undisturbed females. 
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TABLE 1. Individual experiments on females of Venaeus monodon 

No.? Date D.M. N.w %Fec. W? 

9(12) 10.12 10 330,000 

13.12 2 540,000 

16.12 2 490.000 

14(1) 07.02 6 120,000 87 95 

18.02 — Molt — _ _ 

23.03 4 240,000 0 95 

29.03 3 310,000 0 95 

2(7) 13.09 6 250,000 70 68 

26.09 — Molt — _ _ 

04.10 2 90,000 0 65 

07.10 2 100,000 0 65 

11.10 4 40,000 0 65 
f I I . 1 I i l l I I . I 

20(6) 08.11 3 150,000 25 ^ 65 

17.11 7 160,000 0 65 

22.11 — Molt — — — 

06.12 6 90,000 0 70 

80 

90 

80 

80 

95 

85 

85' 

132 

135 

135 

— • 

83 

85 

85 

12(12) 22.10 3 150,000 

29.10 3 180,000 

02.11 2 180,000 

06.11 2 65,000 

21(12) 24.11 16 310,000 95 102 

30.11 5 Regression — — 

04.12 — Molt — — — 

13.12 3 60,000 50 105 

16.12 2 310,000 80 IM 

19.12 2 290,000 58 105 

N w : Number of eggs ; D.M : Beginning of maturation (days); W $ ^ Weight of females (grams) 



TABLE 2. Experiments on P. monodon in a maturation tank durii^ 1979 

Month 

13.12to 31.12 

01.01 to 31.01 

01.02 to 28.02 

01.03 to 14.03 

15.03 to 31.03 

01.04 to 19.04 

No. eggs: 

Number ? 

25 

22 

19 

19 

19 

: Number of %gs. 

Maturation 

2 

22 

19 

12 

2 

Regression 

0 

8 

7 

Spawning 

2 

14 

11 

Complete Dailcness 

5 

1 

^ eggs/ $ : Nnmber of eggs 1 

7 

1 

by female. 

No. eggs 

-
530,000 

3.085.000 

1.800.000 

1,310.000 

320.000 

N eggs/ ? 

265,000 

107.000 

205.000 

187,000 

320,000 

%Fecundation 
? 

2 

14 

6 

0 

0 

a* 

25 

55 

TO 

0 

0 

Weight g/? 

75 

82 

86 

86 

80 

> 
ffl 

» 
1* 

o o 
o o 

o 

g 
^ 
o 
o 
to 5: 
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Fig. 3. Relatioaship between the number of eggs and weight in 
P. monodon. 
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— experiments on tank in complete dltrk"-
ness have been realized: some matiuation^ 
have been obtained, but females don't seedi- to 
be fecundated by males and we never see 
fertilized eggs (Table 2). 

The spawning process takes place between 
8 p.m. and 1 a.m. in the tanks by sotj^en jiuips 
and activities of the female. Then the pleopods 
actively disperse the neWly extruded eggs* The 
number of eggs depends on the weight of the the most 

Generally the totally unfertilized spawn
ings are due to lack of sperms in the thelycum 
but in some case it happens also with well 
impregnated females. This has been Specially 
the cause in 1977 whett'the females were fed 
only with pell^s tnd did not reoeiie fresh 
food during the last days of the 6iat\iratioa 
process. 

The larval rearing of P. monodon is one of 
difficult among tiie penaeid species. 
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Fig. 4. Percentage of normal eggs produced in different spawnings-

female from 60,000 to 600,000 for 45 to 130 g 
size animals. This number has not decreased 
in the successive generations (Fig. 3). 

Ten hours after spawning the eggs under the 
microscope are of three types (AQUACOP, 1977); 
unfertilized with two or tiireebig cells and many 
small ones; normal fertilized eggs with a 
fecundation membrane and the presence of well 
developed nauplii with developing setae; 
fertilized eggs in which development has 
stopped at various stages. 

The percentage of normal eggs varies accord
ing to Jhe spawning. It can reach 95% (Fig. 4). 

The larvae in our conditions are very sensitive 
to a bacterial disease causing rapid necrosis of 
the appendages (AQUACXJP, 1977 a) mainly bet
ween Zoea (Mysis) 11 and Pj. In the absence 
of bacterial attack survival is around 80% at 
a density between 25 and 140 Pj/litre. 

DISCUSSION 

The constitution of broodstocks is one of 
the essential prerequisites to achieve reproduc
tion in captivity. It is necessary to have all 
the year enough animals of appropriate size 
in good health, so that maturation can be 
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induced. Right now we have selected the 
largest animals at the end of growth experi
ments in ponds or tanks. It appears that it 
WPOld be better to rear the post-larvae and the 
ftainaal* which contribute the new broodstocfc 
ia lofw 4en^ty the animals which will constitute 
ft n»W teoodstocfe. The following results 
could be presented on broodstocfc development 
in a pond of 1,000 m*. 

— I pond with a stocking density of 4 
animals/m* will furnish in six months an harvest
ing density of 3 animals/m* giving 3,000 shrimps 
between 20 and 40 g ; 1,500 specimens of larger 
sizes may be selected to stock (l.S animals/m^) 

in another pond so as to obtain to harvesting 
density of 1 animal/m* in 4 mdnths giving 
1,000 animals between 60 and 120 g. 

It would take 10 months to constitute a new 
broodstocfc, and 1,000 animals would be reared 
in 8 miaturation tanks for a 6 months period 
With a complete renewal of the aninmls evbry 
two months. Also a new broodstocfc must be 
started every six months. 

Affording one result of spawning/month/ 
female on a routine basis each tank will give a 
minimum of 4 millions eggs/month which would 
sustain a production of 2 millions Pj. 
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SOME ASPECTS OF PRAWN CULTURE WITH PARTICULAR REFERENCE 
TO TIGER PRAWN PENAEUS MONODON FABRICIUS 

T. RAJYALAKSHMI 

Central Inland Fisheries Research Institute, Barrackpore, India 

ABSTRACT 

One of the most iiqportant problems enoouatered in prawn culture is the large scale and 
unaccounted mortality of the stocĵ ed prawof in the ponds. Penaeus monoehn, the tiger prawn is one 
of the main species being cultured in India and its survival in the cul^re pohds is found to foe about 
20-30 %. Some of the biological, and physiological aspects of the prawn u e examined in this study in 
order to Improve the management of its culture. The important aiieas inquiring Attention are feeding 
and nutrition and its relationdiip to such fkctors as saMnity and temperature, maintenaKtce of required 
oxygen saturation level in the culture ponds by way of circulation system and prevention of cannibalism. 

Experiments carried out on'nutrition and feed have indicated that some specific feeds with main 
ingredients of cuttle fish meat and soyabean powder, gave the best growth returns and feed conversion 
at a temperature of 30°C and Salinity of 7-10 ppt amongst the postlarvae. However, when these feed 
pellets are used in nature, under extensive field conditions proper Milization by the prawn must be 
ensured. As regards additional oxygenation of ponds when tidal wAter stops short of the farm, a slow 
water circulation device is suggested. Cannibalism poses a major proUem in crustacean cultiire 
systems even when adequate food Supply is present. In the penaeid mass culture systems a strategy of 
provision of removable Mdeouts as those developed for lobster culture is suggested. 

INTRODUCTION The biological'and physico-chemical factors 
, • _ _ . . . " . . • such as nutrition and feeding, stoclsing size 
IMPOÎ TANT strides are bemg m^de now m ^^ ^^^^ ^^^^ stocking season and 
exi«ndmg prawn culture m India, Cultural ,,„p,^ture-llinity requirements form one 
activities have expanded to the extent where j »̂  . ;, » ^ ,* xi. *i. 
large number of private farmers viz., both agri- Part of techndogy of prawn culture ; the other 
cultural farmers and salt producers are accept- "^^"^ °̂<*'̂  ' 7 ' * ̂ 9 "^"f^''' ̂ ^^ Application of 
ing shrimp farming as a main crop as well as ^^rm-engmeermg techniques to improve the 
an ancillary one. The species involved in these hsWtat, the liymg environment of the animal, 
cultural practices are primarily Penaeus Laboratory experiments on P. monotfon have 
mmodon Fabricius and Penaeus indicus shown that growth and survival are clearly 
H. M. Edwards. Species like Palaemm IvoksgA with aeration (Rajyalakshmi et al, 
styliferus (H. Milne Edwatds), Metapaneus MSI). That means, it requires a certain 
d(^sonii (Miers), M. monoceros Fjibricius and saturation of dissolved oxygen level at all levels 
M. brevicornis (H. M. Edwards) and P. semi- erf" feeding and growth. At the same time the 
sulcatus De Haan also contribute to- d lesser oxygen saturation is related to temperature and 
degree to the production system of ponds, salinity status of water. One other factor 
Experience has shown, however, that low which has not bsen tafcsn into consideration in 
survival and therefore the uncertainty of the the culture systems at all is the quality of the 
end product remains the major hindrance to water as regards to its chemical purity. In 
fiHther expansion of prawn culture. extensive cidture systems of India, the water 
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is tafcen directly from its source viz., creek, 
ea.Jia\, p9$k90^i €^ estuary.,. |iln^ost all the 
water sources of India are b®ingjpu\ to multiple 
and uncontrolled uses. Now, however, a 
stage of usage has arrived where pollution 
monitoring is imperative before and after the 
water is tafcen int& thfe farm. 

A study is made in this paper of the various 
factors that are contributing to the low survival 
in pond systems; what are the technological 
gaps that have to be filled to improve th^ 
surival status and hence the production 
capacity of a given water body. The study 
uses data frcmi the experiments conducted in 
the laboititory and field by the author, obser
vations in other iSeld conditions and data 
derived by worfc elsewhere in the world. 

The author wishes to thank Dr. A. V, 
Natarajan, Director, Central Inland Fisheries, 
Research Institute, Barracfcpore who has en
couraged this study and permitted its presen
tation ia the present symposium. 

TBGHNOLOQICAL GAPS 

Nutritiori'aHdfeeding 

It is in the current decade that workers in 
Iiiidia hav^ begun to, give some, status to nutri
tion and feeds in prawn culture systei^s. TJiis 
aspect is extremely pertinent because our culture 
systems are extensive and the |ee4, whatever 
its quality, is directly broadcast into the pojid 
where, three interfaces are preselit v/z., jthe 
water, the soil and the quality of both. 

tn all earlier works, fertilization of pond 
has been given primary or even the sole im
portance following the practices and the 
techniques adopted in the fresh water fish 
culture. 

Feeds and culture in experimental ponds 

Fertilization and supplimental feeds : Experi
mental works in prawn culture .'OiaxduQtea in 

different agro-climatic conditions of Indi^ haVe 
used basi(mlly fertiliK^s (NB|C ff, egwdung) 
and supplfinentel feed* i(Wheat powder, oil 
cakes, rice bran and so on). These suppli
mental feeds also act as fertilizers. In recent 
yelrs feed formulation has been started using 
pelletisatidft tediniqu*^ (Rajyalakshmi et al, 
1979 ; Varghese and Singh, MS). The present 
state of production utilizing such techniques 
is about 1145 kg/ha, in three crops per annum 
in three seasons : summer, monsootia^id winter 
at Kafcdwip Centre of Central Inland Fisheries 
Research 'Institute, Barfackpoiey (Anon., 
1978), 149kg/ha/6 months at Kaliiiiiada Centre 
(Anon., 1978) and 514.7 kg/bai8Qj|ay8 at 
Madras Centre (Sunderarajaja «t «[/,.,, J979). 
While Kafcdwip experiments used supplemental 
feed as Well as organic fertilizers, the Madras 
experiments have used only organic fertilizers. 

No comparison! of production and growth 
rates is possible in the above results since the •*• 
pond sizes, stocking sizes, stocking densities 
and duration of culture are quite variable 
besides the variability in physico-chemical 
conditions. The supplemental feeds given 
consisted of groundnut oil cake, rice bran, fish 
meal; the formula 'feed used at Kakdwip' 
consisted of goat intestine (offal), algal p6Wder,' 
shrimp head meal and yeast as nmin ingredients. 
Percentage survival in these expeifimeil^'tai^d 
from 35-79. In'some eicperiments the sUr^MJ' 
was in inverse'propiortion to ^oWtS,' (AAorî ' 
1978). • ' • ' -'-'' ^ \ • ;••• 

Specific studies on feeds and inutri^ioa erf 
Penaeus monodon werei pondupted. at Kakdwip 
fish farm using different feed formulations 
(Rajyalafcihmi etal, 1979; Rajyalafcshmi etcA.,, 
MS 2). The palletised feeds /f̂ êre used in the 
laboratory trials as well as in fi^ (JTaMes 1 ftttd-
2). The protein perpenta^ iî  the feeds w^-
maintained at 20-36% uiing both plan? > and i 
animal sources, of protein (Table 1). Feeding 
rate was maintained 50-25% of bioroass for 
postlarvaeaad. 10-5% for juveniles at a tem-
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perature range of 29.5' to SS'C, tolimty'of 
8.33 to 18.44 ppt and pH 8.0-8.M"*a t ie fie&l 
trials. The groWth, from an initial' Weight of 
0.16 mg, varies from a low of 3.5g (feed! E) 
to 19.5 g (feed IV). The survi^^l Was in 
inverse proportion, '̂ ?.9 % td" 35.9 % in a gSx>wth 
period of n o days. 

4-5 m in height once every 13-15 days through
out the year. This water is rich in detritus 
as well as macropki^on. Certain species <^ 
prawn, especially in their estuarine soj6un^ 
are detrivores (Rajyalafcshmi, 1961). P. 
monodon also passes through this feeding phase. 
Regier (1972) diaraoterised some estuaries as 

TABLE 1. Compif^tionitfvartous formulated feeds for p. monodoa . 

Ingredients 
II 

Feeds 
HI IV 

Fish meal 
Shriitip meal 
Squid meal 
Bombay-duck meal 
Groundnut oilcake 
Wheat flour 
Rice bran 
Maize flour 
Soyabean flour 
Brewer's yeast ^ . 
Vitamin mix 
Calcium phosphate 
Sodium tosxa-metapbdsphate 
Sodium Alginate , 

30.0 44.4 

20.0 

36.5 
35.5 
5.0 
1.0 
2.0 

1.0 

40.0 
30.0 

4.0 

60 

85.0 

1.0 

60,0 

19.0 
20.0 

0.2 
0.2 
0.6 

29.0 
24.2 

0.2 
0.2 

1.0 
1.0 

Conversion ratio in laboratory trialj 

TABLE 2. 

Ponds 

1 
2 

• ' • 3 

• •. ; ^ 4 6.6 3.8 2.5 6.0 

Growth (production} of P. monodisn fti field trials uiing formulated feeds 

Feeds 

I 
n 
IV 

Growth/day 
mm 

0.8 
0.6 
1.8 

Survival 

77.9 
70.9 
35.9 

iProduction 
Kg/ha/llO 

days 

172.45 
109.75 
239.00 

COTiversion 
ratio 

2.4:1 
6.0:1 
2.5 :1 

Detriius- from natural sources as feedr; 
Another important supplemental feed soiHSe 
is the micro-organisms and detritus brought 49 
through the Water source. Farms located 
along the Hooghly estuarine systeni receive 
fresh exchange of water through spring jtjdiss, 

5 

detritus based estuaries, with vascular plant 
detritus and a coniponent of fresh benthic 
orgMiisms. The Hooghly estuarine system 
o^n be classified as one. Odum and Heald 
(1973) mention that the key organisms in this 
%iQd Web are a group of detritus consumers 
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heibivorcHis' and omnivorous crustaceans, 
ttolluscs, insect larvae, nematodes, polychaetes 
and a few fishes'. Qasim and Sankaranarayan 
<1972) showed that the caloric content of detri
tus range from 250-400 cal/g dry weight. The 
energy budget of Metapenaeus monoceros 
using detritus as food showed net and gross 
eflSciencies as 21.6 and 24.1% respectively 
(Qasim and Easterson, 1974). 

Thus, three sources of food can be identified 
in the culture systems: fertilization, supple
mental feed and natural feed (detritus and 
macroplankton) in the intake water. Quanti
fication of each would provide an answer to the 
quantitative and qualitative feed, both to avoid 
wastage and putrefaction at pond bottom, 
keep the feed costs low and regulate the feeding 
techniques. 

Caillouet et al. (1974) used Wheat bran in 
their experiments as an artificial detritus-
producing base. They further mention that 
with wheat bran feeding, it seemed possible 
to raise postlarval pink shrimp in ponds or 
tanks to about 4 g in three months in stocking 
densities as high as 100,00 per ha With survival 
as high as 90%. When compared to produc
tion cited in Indian studies, the growth of 4 g/3 
months is extremely low; however, this study 
indicates the importance of detritus as feed. 
They mention that this method of feeding is 
much simpler than the feeding of pelleted feeds 
* since the former does not depend upon moni
toring of growth rates of population densities 
to determine feeding rates.' 

Feed in Bheri or impoundment culture 

. In this type of culture system which follows 
a wild culture practice, the deteritus-macro-
plankton chain is the only food source. 
However, several Bheries have developed along 
the sewage canal of Calcutta SeWage System. 
This canal opens into one ofthe minor estuaries 
of the Hooghly estuarine system called the 
Rnlti Estuary, about. 30 km away (Ray and 

Pakrasi, MS). The Bheries utilise the i»w or 
diluted sewage, acQOQ̂ ding to their location, as 
a fertilizer in th^ir farms. Ray and Pakrasi 
(MS) have also' estimated the nitrogen/ 
phosphorous ratio at each Ij&vel oi dilution 
in this seWage whii^ VKmVL enable the farmer 
to utilise the sewage at such dilution'levels 
when its fertilization value would be higher. 
The prodaotioa of prawn component in this 
system and their survival has not been reported 
yet. 

This type of recycling of waste has long been 
in practice in Far-Eastern countries and is 
reported to give high yields in freshwater carp 
culture systems. This needs detailed study for 
use in prawn ponds. 

Development of new techniques of feeding 

Quality of protein: In the field of improved 
technology for shrimp culture the new direc
tions pertain to formula feeds with not only 
quantified protein but also the protein quality. 

The development have been reviewed by 
New (1976) wherein the importance of different 
amino-acids in formulated feeds was shown. 
This qualifies the protein that is needed for 
feed formulation of each species of prawn. A 
requirement of similarity of amino-acid profile 
of the animal to that of the animal fed also 
seem to improve the growth component ofthe 
animal (Phillips and Brockway, 1956). 

Quantity of protein: High level protein 
requirement of 50% or more is not a require
ment of all prawns. For instance, the 50% 
or more requirement of Penaeus japonicus 
(Deshimaru and Shigueno, 1972) is interpreted 
as probably due more to its more predatory 
b^Aaviour than many penaeids (Liao and 
Huang, 1972). In Penaeus monodon our find
ings showed that a protein level below 40% 
is showing a fast growth rate to mark^able 
sizes. The growth rite is a good criterion 
for assessing the nutritive value <^ feeds. It 
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thus shows that species-wise leqwt^eats 
should be based on their lbe<fing>li«Alts. F. 
ntmodon is not a predate^,.its gat pont^ts 
sbowii^ higher percentage of detritus, mud ̂ od 
benthic algae. 

In the feed formulation done at K a M ^ p 
Research Centre of the Central Inland Fislie,!|ies 
Research Institute (Rajyalaksbmi et al., I???) 
it has baen shown (Table 2) Ijiat the cutt^ ^ 
meal and soyabean meal resyijlted in best ̂ Q|yti^, 
performance (as measi^^ by f ^ conversion 
ratio) both in laboratory a,s Well ŝ ? field studies. 
The plant product, soyabean is Ifinown to h^ve, 
an amino-acid profile more similar to that of 
the prawa, Penieus japonicus tiban that oran 
animal sudb as Arfemm SijJlna (Deshimaru and 
S!hi|ueiB?o, 1972). Other fee^s which fulfill(iii 
this reqiiiremeht was the sqiiid and a Plain, 
Corbicula rmniltensis. 

CXher studies sh6#d that thfe larger the 
shrimp, the rtiore food the^^^ '̂eit. This Was 
inferred from observing the food ocmverdon 
ratio values and inca'ement of weight (iliiga^Bo, 
1975). The food preference of maritte shr«!^ 
was found to be, in order, oyster meat, lureu t̂y 
squid, oiantis-shrimp meat̂  goby ao t maî air&t 
(Liao and Huang, t97ff). JPresh flrozen diet 
always yielded better growth than dried food̂  

Energy and protein telatUmship,: AQUACOP 
(1976) estinmted that total eo^^/contNit of 
3.3 k cal/g Was required for <^mal groi^iof 
P. ntmodon with a diet containing 40% protein. 
Sedgwick (1979) mentions in this connection 
that protein sparing may be efiebtive in reduc
ing costs of feedir^. His Experiments <» P. 
merguiensis shoWed 'that variatitnts in the 
ratio of energy to protein in the diet mety 
infiuen&e food consumption, protein utiUsalltBtti 
and the efficiency of food cOTiverdott.'̂  to" 
experiments on P. indicus also (CoWn, Wl^-" 
the sub3titution of protein >y potato StaM^' 
involving a small change in oalo#ic ratio (̂4:8- ' 
4.7 k oal/g) did not signifioaatly aflfert grĉ î lth 

althoii^ the protein reduction was fsam. S3.1 
to 42.8%. The (Bitogy |»otein relation may 
help thus in redtldag costs in culture 
experiments. 

Dissolved oxygen level and aeration techniques 

Dissolved oxygen levels in extensive pond 
system: The management of water and soil 
q u i i ^ is hig^y pertmeot to shrimp culture 
s^ilems. This «np]ia»a is necessiâ ry taking 
into consideration the JtBtaMatlra] characterise 
tics of prawns. Tb^j are dW>ttQbi lixdng forms, 
movingover the IxtftMn seaptiBig and.' feeling * 
for food with & # 'steHp^s. . Ilierefo^ 
when the bottom conditions become slushy 
wttt waste &«ls and other settlings, the habi~ 
tat detericxrates acoouating for higher morta* 
lity. Such pu<a^aotioQ of bottom was observed 
often in the ^perimratal ponds in Kakdwip 
(wtere the poad.bottom is made up of mud 
wiUfclow sand coittent) at the time of harvesting 
vfhesi all the water is pumped out. Unfavour-
a 1 ^ weather conditions such as sudden rain&ll 
aflSer atstroi^ sunny day or windless conditions 
also accelerate conditions of pollution. 

The brackish or coastal ^quaculture farms of 
India depend on the tidal exchange of Hvater 
by graVitatidnal flows. This exchange is 
expiscted to sui»ply botti oxygen-saturated water 
as WeM as jemove ihe metabolite filled water 
fr&m the ponds when tiib tide reverses. Often 
the fe«atioa of the pond is such that the water 
su|>t^ is p^ ib le only at the peak spring tide 
whidi occurs at intervals of 13-15 days oidy. 
The ami^tudes of tide at latitudes vv^ere the 
HoogUy estuarine system is located makes it 
possible'to locate a farm even upto 70 km from 
sea mouth. Tlras, a good water change is 
pcHiia^for 2-3 days in each fortnight. This 
s e i ' ^ coacKtioijs does not prevail elsewhere in 
sotlfllem' parts of India. This requires farm 
^igbieriAg techniques to take care of water 
su|qpl̂ l̂KDd watdr drculation to freshen up the 
oĵ rgM saturation. 
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RBJyaiakshmi et a!. (MS 1) conducted e^^ri-
m^ts on interaction of aeration/density to 
survival uang post-larvae of P. monodon. 
IvfO variables were considered viz., with aera
tion and without aeration, quantification of 
air supply could not be done in this study. The 
results indicated ikaX the efiect of aeration on 
growth was favourable while it was not very 
favourable for survival even at low densities. 
Further study is required to know wh^e? 
reduction of aeration rate could have increased 
the survival level. Intermitant and slow aera
tion appeared to be more preferable than 
continuous or stronger rates. Aeration as a 
cdture management technique would be highly 
suitable in aeras where water exchange is not 
always possible. The importance of such 
techniques to maintain dissolved oxygen in the 
culture system as well as the animals in it is' 
well documented (Spotte, 1970), Aeration 
can also lead to improved water quality by 
removing ammonia and hydrogen sulphide 
formations which might occur in cases of over
feeding and so on, as mentioned above. 
Nuisance algal blooms also might be eliminated. 
An efficient design of aeration has to bewotked 
out for intensive pond systems. 

In pond culture of P. monodon it is better 
that llie nursery ponds are not continued for 
use of prawn culture to marketable sizes. 
The young ones are to be harvested and then 
changed over to another pond. After conti
nuous use of 1-2 months for nursery rearing, 
the waste supplimental feed, fertilizer, etc., 
create very uiJiealthy pond bottom, full of 
black surface slimy mud with emanation of 
hydrogeii sulphide and general anaerobic 
conditions. This causes both retardation of 
growth as well as high mortality. Another 
factor noticed is that some of the larger ones 
tend to get more and more settled inside mud 
with pleopods clogged with algal growth and 
hence become unsaleable. This bottom condi
tion is an i^nportant parameter to be considered 

• when, for instance, raw sewage is being used 

in culture systems. Monitoring of pond bot-
to«i is tlii^efore absolutely necessaiy. 

The recirculating'^ system, flow-through 
system, etc.: The advantage ctf culturing 
organisms in recirculating systems with high 
density is now well recognised especially in 
moUuscan rearing systems. The parameters, 
to be monitored for maintaining water quality 
are quite complex, viz.y nitrates, nitrites, 
ammonia, reactive phosphorus, chlorides, 
dissolved oxygen, pH, alkalinity, salinity, etc. 
(Epifanio and Mootz, 1976). For high density 
nurseiy rearing it could be quite a suitable 
system. 

Currently the juveniles of prawns are being 
collected from nature and transported to farm 
site often resulting in heavy mortality.. If 
these juveniles, collected from naturaf sources 
or from hatchery rearing, are first introduced 
into recirculating system for a period of a 
month or so and then transferred |o exten^w^ 
pond systems, better survival is ensured. 

The recirculating system also could show 
possitdlitieis in raising shrimp tb marketable 
sizes. Normally, as dictated by nature, our 
poind growout systems are limited to durations 
of 90 days (from; post-nursery rearing phase or, 
say from O.S g size) to 180 days in some cases or 
240 days in another (Anon, 1978). The per
centage survival ranges from 31 to 80. The 
recirculating system whether in opfcn ponds 6t 
in highly controlled laboratory systems might 
open up new venues for: (i) for marketable 
rearing, (ii) for increasing stocking density, 
(iii) or for keeping the stocking density normal 
(i.e. as followed in the field, at a rate of 20-
30,000/ha) but prolonging the rearing period 
or till such time the prawns attain better average 
coimts of lS-20/kg instead of the present 
30-60 nos/kg (whole counts). Here farm-
engineering techniques have a very important 
role to play, viz., by introdudng proper 
techniques of recinculation, filtration of algal 
or other growth and proper circulation pattern 
as per the requirements of ptrawns. Fatst 
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flow may create problems of feeding of prawns, 
oversaturation of water and changes in pH 
level, etc. High density rearing from juveniles 
to marketable sizes in closed systems is another 
development in culture systems (Mock et al., 
1974). In this system once again, recirculation 
plays an important role as a waste removal 
technique. 

SELECTION OF COMPATIBLE SraciEs 
IN POLYCULTURE SYSTEMS 

One more field of study tha,t still qeeds to be 
done is the proper utilization of the pond sicbes, 
both for feeding as well as for hiding, moulting, 
breeding and so on. 

Compatibility at all le>«ls Ot at all stages of 
life might not be possible in aU >̂TOie8. It is 
now well recognised that praWns, especially 
P. monodon require an independent nunnery 
management phase. Before the post-larvae 
are put into nursery management phase they 
pass through four types of stresses : (i) oollec-
tion and transport to place of stocking; 
(ii) segregation of post-larvae from total col
lection which at times take 3-4 hours; 
(iii) handling î nd agitation and (iv) infusion 
to other waters. 

Observations of coUecticms :, made . a t 
Muriganga Estuary near the Kakdwip labora
tory showed that the post-larvae of P. monodon 
are hardier than the young juveniles of 
P. indicus which seemed to die faster. Even 
then unless all the four stresses, mentioned 
above are cleared as early as possible mortality 
would ensue. With proper handling and 
nursery management 90% survdval has been 
reported (Ravichandran et ah, MS). In culture 
to marketable sizes proper expraimental studies 
are lacking to make any firm observations. 
However, taking the information obt^ned 
through polyculture of finfiishi and la^wns. 
Rajyalakshmi (1978) reported on the growth 
rates of Penaeus monodon', the combination 
with Chanos chanos gave a compaistivefy 
greater |rowtl; rate? (12-15 § initial to ^ 'g 

final in 120 days), than with exotic carps and 
mullets or with mullets alone. In the low saline 
ponds (at Bokhali Fish Farm of the Central 
Inland Fisheries Researdl Institute, Barrack-
pore) P. monodon was stocked in combination 
with freshwater exotic carps (Cyprinus carpip and 
Hypophthalmix molitrix) and mullets (Liza 
tade and Liza parsia); the growth increment 
with this comUoation was higher (4.11 g 
initial to 74.6 g final in one year rearing time) 
than with mullets alone (10.7 g initial to 39.5 g 
final in 270 days rearing time) (Rajyalakshmi, 
1978). Howevw, the stocking rates, sizes, 
hydro-ecological and pond sizes, etc., are not 
st^istically comparable. 

One experiment using post-larval P. monodon 
and juvenile Liza parsia (13 mm and 15 mm 
respectively) was conducted in four 0.02 ha 
ponds at Kakdwip (Rajyalakshmi et al., MS). 
The results indicated that growth of P. monodon 
might have been much better if L. parsia were 
not in the system. Both seem to compete for 
the same food i.e. detritus and benthic orga
nisms: At the end of 110 days of rearing, the 
production was 355.75 kg/ha with Feed IV 
(Table 1) in which P. monodon contributed 
239.00 kg/ha. 

HtDE-ouTS AND omm. PRoracTioN 
MEASURES FOR MOULTED PRAWNS 

IN CULTURE PONDS 

Other technologies ^K^ch are of equal im
portance in survival of prawns in culture 
systems are of physical nature. Taking 
cognizance of the moulting habit of the crus
taceans, when they are immensely vulnerable 
to predation, cannibalism and disease, this 
parameter has to be given due importance. 

Proper hide-outs can be of concrete, of a 
bunch of roots, boulders to mention a few. 
These provisions, however, should be con-
^deied in combination with harvesting techni
ques. They should not interfere with each 
(^jeration or the hide-ont§ should be of 
irWHOV l̂e types, 
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MASS raODUCmON Of J l^^MIiES OF FRESHWATER PRAWN 
MACROBRACHIUM ROSENBERGII IN FRENCH POLYNESIA : 

PRMHSVlLOPft^NT PHASE RESULTS 

AQUAlDOP* 

CmtH Qe4<mologlque du Pacifique 
CNEKQ-Q^ MP' lOSliTaram, Tahiti {French Polynesia) 

A B S T R A C T 

Sines 1973, a neW'methoa for mass i>toduction of Macrobrachium rosetAergii post-larvae has been 
set up in French Po^esia fai'<I3>JEXO-COP cftfetns in collaboration with Territorial Fisheries Service. 

The larvae are reared in clear water daily renewed, without phytoplankton and at high density 
(100 to 120 larvae, lyt liter in conical bottom tanks of 0.8 and 2 m'). 90 post-larvae per 
litre are obtained witt^ six weeks on a diet of Artemia nauplii and inert particles. Since 1976, a pilot 
hatchery is working and ten pilot scale productions gave 4.6 million juveniles demonstrating the 
reliability of this mathod.' ths technology is described and the production costs discussed. 

INTRODUCTION 

SINCE 1973, the CNEXO-CbP a^acuHttre 
team, in coHaboratiibo ̂  with t l ^ I%hear«Bs 
Service of French Polyn^^ is setting up an 
original tebhnology for niass {MrodQction of 
MiurobrdcMum rosenber^ii post-larvae; after 
an experimental phase (1973-1976) for explor
ing the basic ,paramet«5rs of the techiio|6gj^ and 

* Aquaculture team of the ' Cmtre Ocianologique du 
Pacifique' 

— Algae and mollusc cultures: J. L. Martini 
D. Coatanea, O. Millous, Y. Normant, O. Le 
Moine, G. Oudin, T. Belle. 

— Nutrition: A. Febvre, J. J. Laine, J. M. 
Peignon, P. Mar6chal, L. Mu. 

— Water quality control ^nd treatment: J. Calvas, 
V. Vonau. 

— Pathology: J. F. Le Bitoux, G. Breuil, 
S. Robert. 

— Crustacean and fish cultures: P. J. Hatt,, 
M. Jarillo, J. P. Landret, J. Goguenheim, 
F. Fallourd, O. Avalle, J. Moriceau. S. Brouillet, 
H. Crieloue. H. Pont, D. Aimm. V. Vanu, 
A. Bennett, D. Sanford, 

— Technology: J. F. Virmaux. ; , 

— Aquaculture programme C^Or îoftfoyifl fropical 
ftrea; A, Nfifhel, 

going through the problems, and a pilot phase 
(1976-1979) for evaluating the costs, we are 
now moving to a production scale hatchery, 
which will provide the local farmers with post-
larvae (13 millions post-larvae per year). 

As far as possible all the parameters are 
controlled (temperature, salinity, water quality, 
food quantity and quality, sanitation, light). 
The experimental phase showed that these 
controls are better performed at high density 
(100 larvae/litre) and in clear water. 

PRODUCTION TECHNOLOGY 

Since hatchery technology is described in 
details elsewhere (AQUACOP 1977 a, b), only a 
brief summary is given here. 

For broodstock, about 3,000 female and 
1,500 male prawns, generaUy larger than 30 g 
in weight, are maintained in three 1,000 m' 
earthem ponds; a fourth pond is used to grow 
out the juvenile till reproduction size. As 
long as water temperature remains above 23''C, 
this broodstock iHTovide in a week a minimum 
of one hundred gravid females with dark grey 
^nwirly r«?a4y tp batch) eggs. The females 
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seined from the, ponds are i^aced in 2 m? 
circular tanks at 4 ppt salinity and within five 
days release more than 1,000,000 larvae. 

After hatching, the larvae are reared in 
cylindrical tanks with conical bottom and 
central aeration. The hatchery includes experi
mental tanks of O.S-m* and production units 
of 2 m*. Larvae are stocked in the tanks at 
initial density of 100 larvae/litre and production 
is nowadays routinely greater than 90 post-
larvae/litre in 42 days. 

TABLE 1. Inert food composition (% of dry weight) 

Squid flesh 
Shrimp flesh 
Hen eggs 
Herring roe 
Vitamin mix 
Mineral mix 
Cod liver oil 
AJginate 

20 
10 
20 
20 
2 
1 

15 
12 

Salinity of the culture water is increased 
from 4 ppt at hatching to 12 ppt and tempera
ture is maintained at 29-31°C. The mixture of 
fresli and seawater first chlorinated and fil
tered is used to completely exchange each 
rearing tank once a day at 1600 hours. 

zoea 6 ^ d the i4rrewKj aaupKi after the daily 
water exchange from late stage zoea 2. The 
amount of food given is adjusted according to 
consumption, which may vary widely around the 
standard given in Table 2. 

Post-larvae are harvested from each tank at 
the 32nd and 40th 'days. They are transferred 
to 2 m' cylinder tanks where the salinity is 
dropped to zero within 24 to 48 hours. After 
acclimation to freshwater the prawns are sent 
to grow-out ponds; th«r average weight is 
8-15 mg at this time. 

To avoid bacterial contamination arid result
ing mass mortalities, tfie hatchery is w«ished out 
and allowed to dry for three days between 
production runs. Antibiotics (chloram
phenicol, penicilline-streptomycine, terramycine, 
1 to 20 g/m*) are used I f bacterial diseases 
appear during jw^al quiture, and preive^tively 
at appearapce o/trst pK t̂-Uuryae. „ 

The hatchery labour force coî M*^ f?l * 
technical manager a|ijd twq to four »ssist^ts. 
Two workers can manage eight to ten tanks per 
day and the amount of laljour required is vir
tually the same for botfi 0.8 and 2 m' tanks. 
However, for continuous daily managemmt of 
eight production tanks, a squad of four would 

TABLE 2. - Standard amount of daily feeding rate, according to the stage, for a thousand larvae 

10 P.L. 

Artemia nauplii 
(number in thousands) 

Inert food 
(mg dry weight) 

0 

0 

5 

0 

15 

0 

20 

0 

25 

0 

35 

.08 

45 

.12 

45 

.15 

35 

.12 

The larvae are given two types of food : inert 
particles (compositions and amount given in 
Tables 1 and 2) and newly hatched Artemia 
nauplii. Tlie inert food is given from 0800 to 
1400 hours in two to four meals from stage 

be recommmded because of the normal five 
day work week and occasional at»enteeism. 
About one third of the labour is for feeding, 
one third for obsei^ations and countings aud 
one third for Wftter changin|. 
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PRODUCTION RESULTS AND 03&TS plastic tanks, freezer, mixer-liquefip, micro
scope, measurement fittings. 

Total survival has increased from an average 
45% for the first pilot assays to-an average of The projected yearly budget ($ 139,000 or 
92% for the last twtrifTable 3) in the standard * 9.27/1,000 post-larvae) is computed in accor-
conditions. J' ' dance with the two last assays on Table 5. 

Social insurances, holiday bonuses and manage-
Costi For estimating ^ b u d g e t of the ment cpsts are all ipn^iided in the labour costs. 

future production hatchery, ]u|i|ig solar energy Energy costs ^ j ^ i ^ u t e d by multiplying the 
for heating, cprapwtations were ̂  made accord- power of every electrical fitting by the number 

: J ^TABLE 3. HenuHs ofthepilot scale assays } . 

Number of assay 

Raising duration (days) 

Average temperatnVe ("C) 

Raising volume (na"). . . 

Initial number of larvae 
(thousands) 

Number of larvae at 1st 
post-larvae occurrence 
(thousands) 

Number of post-larvae 
produced (thousands) 

Survival (%) 

Number of post-larvae 
produced per Htie . . 

1 

60 

27 

8X.8 

835 

X 

390 

47 

61 

• Kjii 

• -28 

1187 

1 ' - . : ' . 1 ' , 

520 

^ 

52 

3 

66 

26 

4x.8 
1x2 

448 

. 192 , 

37 

•r^8., 

} 

7 

4 

46 

29.5 

7x.8 
4x2 

1774 

_883_ 

550 

. . . i l * l ' i 

40 

5 

40 

30 

4x.8 
4x2 

1135 

JflQO 

600 

> '•• 53 

54 

,: -ir^ 

40' 

'W 

4x2 

841 

841 

610 

72 

76 

7 ' 

'"'•' h.5 • 

2x2 

385 

3&5 

205 

53 

'̂ '%1 

8 

40 

30.5 

5x2 

1070 

763 

288 

27 

29 

9 

44 

30 

5x2 

1065 

1065 

1006 

94 

101 

10 

40 

30.5 

2x2 

434 

434 

396 

91 

99 

ing to a prodded production of 15 millions/ of hours each iSHb worked and adding on 10% 
year (7 productions of 2.1 each) and in accor- for electrical loses in the circuit. 
dance with ^© last results obtained. The ;. usmv 
investment for. such a hatchery is estimated at DISCUSSION 
$ 292,000 ( T a ^ 4). All the figures are from 
proforma invoices on a mid 1979 basis. The technology developed in Tahiti differs 
Amortizatioh'Ts"c6mpiifedlin~earry for 20 years* mifflly Trom bthws™ developed in Hawal 
for housing, 5 yev5 for me9hmc9,l ^ttings, ([Fujimura^ 1f*e^'>^^'an4 T^Jwaq (Nai-Hsiw 
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TABLE 4. Projected initial investment for an hatchery of 15 millions post-larvae yearly capacity 
(in US i mid 1919 estimation) 

Brobdstock ponds (4 x 1,000 m*) 

Hatchery building (300 m*} 

Solar heating system 

Oeneral store and service building (100m*) 

Spawning and post-larvae storage tuiks (10 x 5 m*) 
Raising tanks ( + accessories) (12 x 2 m*) 
Treatment reservoirs (2 x 30 m') 
Water pumps and pipes 
Air suppressor and pipes 
Laboratory apparatus 

Food storage and preparation 

Miscellaneous 

,. ,.;• ' ' 
Initial cost 

70,000 

66,tXX) 

.. 6d,6oo 
10,000 

1 . . 8,000 

20,000 

10,000 

22,000 
4,000 

10,000 
6,000 

5,000 

Amortizatiijin 
Annuities 

3;i00 

3,300 
6,000 

500 
1,600 

4,000 

2,000 
4.400 

800 
2,000 

2,000 

1,700 

292.000 31.200 

TABLE 5. Projected yearly hatchery budget for production of 15 million 
Post-larvae per year (.US S mid 1979prices) 

Salaries 

Food 

Antibiotics (10 kg) 

Energy (55,000 KWh) 

Broodstock puiintipaQce, salary 
food 

Investment annuities (as In Table 4) 

1 biologist 
2 technicians 
3 workers 

Alginate diet (2 000 kg wet) 
Artemia cysts (200 kg) 

/ . . , ; . . ' -i: . (if //,.'^' 

4) 

30,000 

. . 22,000 
21,000 

5,000 
10,000 

1.000 

11,000 

7,000 

i39,qii0' 

'"•-"' J«"|, »T»»-^—"»—T-"^siCT^T~^~^^'"<w 

y S ?i»-^7/J 009i,IJo?t,lfurvae, 
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Oiao and I-Chiu Liao, 1977), by a higher density 
and no phytoplankton in the water, this t«Qto(^ 
logy allows a cXose, control (rf the resmg ^&-
cedures and conducts in standar4 conditions, 
to obtain constant results. In case of bacterial 
attacks or epiphytes or ei^oty, moreoffective 
treatments «an be done due to Che |»nall volume 
ofthe rearing tanks. 

In the projected yearly budget, the cost of 
labour is the major expendtoie in the opeiaion 
(58% of the total) and the skilland effldeaqr 
of those employed the n^jor reasons for its 
success. 

Water treatment throu:^ biological filters 
which gives good results on experimental scale 
could be used in the future on the production 
scale. The daUy water changing will be sup* 
pressed and the heating fft^y reduced; a 
three m«n team (one biologist and two techti-
cians) then will run a 12 tanks hatchery all year 

round ; the cost will be lowered approximatively 
to 17.5/1,000 post-Ian^ae. 

Many prices in French Polynesia are higher 
than in other tropical places, especially salaries; 
almost everything jj^st be imported and long 
distance shipping and high import taxes in
crease all prices of g^bds by an avei«^ of 66%. 
It can be assumed that in other country, the 
{Production cost could be greatly reduced. 

CONCLUSION 

The techn(Hogy set up by the GNEXO-COP 
aquacalture te«m (AQUACOP), in co-operation 
with the Freii^ Polynesia Fisheries Service, 
is now on a production scale. The projected 
producticm cost'{|9.27/l,00apost-larvae) seems 
low enough to go on to commercial scale. 
The reliability of the technology is high due 
to the control of all the parameters and the 
skillness of the tedinici^s. 
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INFLUENCE OF THREE STOCKING STRATEGIES ON THE PRODUCTION OF 
PRAWNS MACROBRACHIUM ROSENBERGII,¥tiOM PONDS IN ' 

SOUTH CAROLINA, U.S.A.* 

XkEODORB I. J. SMITH AND PAUL A, SANDIFER 

Marine Resources Research Institute, P.O. Box 12559, Charleston, S.C. 29412, VIS.A. 

A B S T R A C T 

The effects of three stocking strategies on the production of prawns MaerobraeMimroseiAergn, 
were examined in six 0.25 ha earthen ponds in Bonneau, South Carolina, during afive*moath growing 
season. The strategies consisted of stocking replicate ponds with either postlarval prawns, a mixture 
of postlarvae and juveniles or juveniles only. The comparisons were tested at the same densities 
(64,600 prawns/ha"0- Prawns were fed with a prepared ration once daily and seine-sampled every four 
weeks. Ponds were harvested by complete drainage at the end of tile growing period. 

Growth and survival rates were generally similar. Prawns in the post-larvae stocking strategy 
grew from a mean size of 0.09 to 17.7 g with a survival rate of 72.4% as compared to a growth rate of 
0.65 to 23.1 g with 70.9 % survival for the mixed stocking strategy and from 0.51 to 22.7 g and 77.4 % 
survival for the juvenile only strategy. Gross production was similar (1,204 vs. 1,207 kg/ha) with the 
mixed size and juvenile only strategies and approximately 43% neater than that obtained from the post-
larvae only strategy. Feed conversions were similar (2.20 vs. 2.24) for the mixed pop|ilation and 
juvenile only treatments and better (1.71) for the post-larvae only treatment. Sex ratios were signi
ficantly different (P <; .001) than 1:1 only in the ponds stocked with the mixture of post-larvae 
and juveniles; in these ponds there were a greater number of females. 

At harvest, female prawns displayed a relatively normal, unimodal size distribution whereas the 
males exhibited a typically multimodal, skewed distribution. On the average, males contributed 9-17 % 
more in total biomass at the harvest than females. However, overall production of tail biomass was 
similar for both males and females because of the higher processing (head) loss for males. Tail weight 
distributions at harvest were greatly influenced by stocking strategies. Only 24% of the tail weight 
produced in the post-larvae stocking strategy was contained in the larger more valuable size classes 
(< 12.6 g tails) as compared to 44 and 48 % respectively, for the mixed and juvenile only strategies. 

Our data suggest that in areas where the growing season is ^ 5 months the stocking of small 
juveniles (->" 0.5 g) or a mixture of post-larvae and juveniles in ̂ onds at low density (~ 6.5/m") should 
result in profitable prawn farming. 

INTRODUCTION ficant (Sandifer and Smith, 1974, 1976 ; Cohen, 
^ , , , . . , 1976 ; Smith et al., 1976 a, 1978 ; Willis and 

POND cxn,TURE of Malaysian pravms Macro-
brachium rosenbergii, has become commercially •Contribution from the South Carolina Marine 
attractive since Ling (1962) first closed the life Resources Center. This paper is the result of 
cycle and Fujimura (1966) demonstrated mass '««'̂ *='> ^P°°f°f«'» ""^ NOAA Office of Sea Grant. 
^ . ^ , . ~ . ., T\ 1 Department of Commerce, under Grant Nos. NA79AA-

reanug techniques for juveniles. Develop- D.00132and04-8-MO1.173. the CoastalPlains Regional 
ment activities have been centered m tropical commission under Grant No. 10740047 and the state 
areas (Goodwin and Hanson, 1975 ; Ling and ^^ s^^jj, Carolina. Reference to trade names in this 
Costello, 1976 ; Hanson and Goodwin, 1977) paper does not imply endorsement by NOAA Office 
where year-round culture is possible, but of Sea Grant, the Coastal Plains Regional Commi§sJ0!i, 
interest in more temperate ^re^ is ^so si^ni- or the §tate pf South Carpljua, 
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Berrigan, 1977). In tro|^cal are^ ftkyfm 
are selectively harvested on a regular l»»is 
from continuous production po^(^'i(Fuj!aHtra, 
1974), whereas in temperate are^ poiKl drainage 
and batch harvest is the rule (Smith et al., 
1976 a). A basic production model for psSma 
farming has been develc^ied for implementation 
in South Carolina and other temperate areas 
(Sandifer and Smith, 1976). This model 
consists of four phases: (1) a hatchery phaie 
in which post-larvae are produced is indoor 
saltwater tanks during winter and Spring; 
(2) a nursery phase in which post-lap^ae are 
reared to larger juveniles at very high pofm-
lation ^»i t ies in specially designed nursery 
systems; (3) a production phase in which 
marketable prawns are produced seasonally 
in grow-out ponds, batch-harvested and pro
cessed for market; and (4) a brood stockphase 
in which brood prâ wns are selecte4wd main
tained indoors to provide larvae for th;6 rmx 
hatchery production! cycle (Fig. 1}, Tliis jpro-
ductionJ[plan is sSown on gh. annual cycle for 
South Carolina iii Fig. 2. Jhe 4eehnic%l feasi
bility of these vatjoiis phasesr has tĵ en' denien-' 
strated (Smith et ^., 4976 b, Sandifor^d Smith, 
1977, 1978; Sm|hJ and Sandifer, 1979) and 
economic analysis^ ta the production model is 
underway. ; 

HATCHERY 

7 ^ 
::^ 

M O O D STOCK 

iZi 
GROW OUT PRODUCTION 

(PO^DSI 

MEEmm: AK^^J^ 

i i 
MARKET 

(SEASOML PRODUCTIOtll 

Fig. 1. A prbduction model for rearing Malaysian prawn 
in South Carolina and other tembefatearea .̂ 

J r M A M J J A S 0 N 0 

HATCHERY 

NURSERY 

POND CULTURE 

STOCK ttROODi 

Fig. 2. Annual production cycle for rearing Malaysian 
prawn in South Carolina. 

Preliminary analysis of the pond grow-out 
phase indicated that population structure of 
the harvest and feed costs- were of major 

. econopie importance (Roberts and Bauer 
19785r ThW.^mres'^uring the 1978 growing 
sestson wei»'directed iow&tds examining the 
iiiflu^Ke of three stocking strategies on the 
production of prawns, both-quiintitatively and 
qualitatively, and the economic implications. 
This paper provides the biclib^al results ob
tained with the various pond Stocking strategies. 

We tMfflk ail cy^lmatticfjil^ 
Alvin Stokes, Wallace Jenkins and Todd 
Nimmich for their dedicated^ assistance in the 
conduct of this study. Jack Bayless provided 
the ponds and he and Dick Zimmerman helped 
infmany ways throughout the rearing season. 
Karen Swanson and' Frank Taylor prepared 
the figures and Piete Laurie provided photo
graphic assistance. Virginia Hargis typed die 
manuscript. 

MATERIALS AND METHODS 

Petid descrlptim and preparation 
The rearing trials wwe conducted in six 

0.25 ha eiurthen fi&tli&st â  tiie S. C. Wildlife and * 
MMMt Rtisouicel^ DepaMmoBt's Dennis Wild-
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life Center in Bonneau, South Carolina. These 
ponds, approximately 150 x 17 m size, are 
similar in construction and have been used for 
culture activities since their construction in 
1974. The levees are sloped 3 :1 and water 
depth ranges from about 50 cm at the shallow 
end to 112 cm at the harvest basin, (mean depth 
97 cm). The soil texture is a sandy clay loam. 
Prior to filling, ponds were limed with dolomitic 
agricultural limestone at a rate of ~ 1,500 kg/ha 
so as to raise the soil pH from ~ 5.4 to 6.0. 
Water for filling and flushing the ponds was 
dther pimiped or gravity flowed from an 
adjacent 22,000 ha reservoir. After flooding 
the ponds, a 20-20-5 fertilizer (20% nitrogen : 
20% phosphoric acid : 5% potash) was added 
once at a rate of U2 kg/ha to induce a phyto-
plankton bloom. 

were Jtow or expe^eid to be low ( < 2 ppm) 
feeding was rescheduled for mid-monuag or 
withheld com|detely as occurred on 4 days 
during August-September. Temperature and 
dissolved oxygen were monitored daily and 
complete water quality analyws ^ere per
formed weekly in each pond. These data are 
summarised in Table 1 and Fig. 3. " 

At the end of the p-owing period, ponds were 
drained and all peawns weighed and counted. 
Next, 10% of eadi population was takm and 
each animal in tlus randimi sample was indi
vidually measured and examinedi M-̂ wns 
were measured to the aiearest 14) ram fsmb orbit, 
of eye to tip of telson, then blotto and wedgpied 
to tite nearest 0.1 g on a Mettler electronic 
balance. All population data (i.e., sizes, sex 

i > i *LL^'l AP U & Al 1 ,U All t A n I T / 
1978 

Fig. 3, Average weekly temperatures and dissolved oxygen concentrations 
in Malaysian prawn grow-out ponds in Bonneau, South Carolina. 

Pqnd stocking and management 

AlL^prawns were individually counted and 
sampled prior to stocking in ponds. After 
stocking, 300 prawns were seine-sampled from 
each pond every 4 weeks to provide data on 
growth and feed utilisation. Daily, Ralston 
Purina Marine Ration 25 (25% protein) was 
broadcasted along the length of the pond late 
in thf afternoon. At 4 week imiervals the 
apiopat of feed was adjusted according to the 
saiople 49i%. Wheo dissolved oxygen levels 

ratios, frequency distributions, etc.) were pro
jected from the random samples. 

Stocking strategies 

Based on analyses of our previous pond 
culture trials (Smith et al, 1978), three stocking 
strategies were compared as to effectiveness 
in producing large, high value prawns and low 
seed stock costs. The stocking strategies were : 
(1) sto<iking post-larvae ( < 0,1 g) ^one ; 
(2) stocking SO: ̂  mixti^e of post-|a^ae and 



TABLE 1. Mean water quality data for Malaysian prawn grow-out ponds in South Carotitia tn 1978. 
Data were obtabiedfrom water sonnies taken near the pond bottom at or prior to 0700 hows 

[. ^ n d No. 

~ 

t ' 21 

V ~ 22' •-/ 

23 

;• •" i : W ", ; 

S ^ -23 •: 

^ 

Dissolved* 

(Oxygw (mgTl) 

lifean 

6.7 

6-4 

"6 i 

^.9 

S.6 

6.7 

Range 

3.8-11.4 

3.2-10.0 

l 5 - 9.7 

04-10.* 

3.2-9.3 

4.6-^.3 

PH« 

Bottom 

Mean 

8.4 

7.5 

7^ 

7.7 

7.4 

7.4 

Range 
( 

7.#-10.0 

'z 7.$- 7.9 

H 7.©. 7.8 

7.0- 8.1 

7.2- 7.7 

7.0- 7.? 

Water' 

Temperature ("C) 

Mean Range 

26.6 18.0-36.5 

27,0 •• 18.0j3S.O 

27:b 18.1-34.8 

,26.9 ii7.1-33.8 

26i> 17.2-33.7 

26,8 17.9-33.6 

Total 

(mil) 

Mesai. 

51 

45 

49 

50 

53 

53 

Range 

35-70 

30-60 

30-60 

40-60 

35-60 

45-60 

Hardness (mg/1)* 

Total 

Mean 

75 

85 

70 

70 

75 

75 

Range 

50-100 

50-125 

50-ide ^ 

so-v^ 

50-100 

50-125 

Calcium 

Mean 

JO 

> 0 . 

25 

is 
30 

30 

Range 

25.50 

^ 5 0 

25-25 

25-50 

25-50 

25-50 

F^reeGOiCmg/l)' 

Mean 

9.0 

H.5. 

lis 
11.0-

13.0-" 

12.5 

Ramp 

5»-17.5 

IftWP.S 

1<MWP7,5 

^-aaj-Ps 

7^n.5 

"10.0-17.5 

i 
«» 

U 1 
^ 

1 
o 
1 
.c; 

* IXO.aiasi^«d«Mi 1 ^ <N(ygni qwtef aiii probe, model 57. 
* i ^ measured Vfitlta KaMotte Cbta&al Co. test kit, model P-SIOO. 
* Tnnfierature meamced witb YSI D.O. meter, model 57. 

* Alka&ii^ measured tising a LaMotte Chemical Co. test kit, model WAT-HPS. 
* Harcbiess measured using a LaMotte CSiemical Co. test kit, model PHI-CM. 

* Free COj measured using a LaMotte Chemical CO. test kit, model PCo-5. 

^ 
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small juveniles; and (3) stocking all small 
juveniles. Strategies were compared at the 
same low density (64,600 prawns ha-*) and 
replicated in two ponds. The various stocking 
strategies were randomly assigned to six ponds. 

RESULTS 

Growth, survival and production 

The various stocking strategies were com
pared during a five-month rearing period, with 
similar results obtained within treatments 

probably reflects seine sampling bias. Produc
tion rates fot^the' mixed size and juvenile only 
stocking strate^es were very similar (1,204 vs. 
1,207 kg/ha) and approj^mately 43% greater 
than that obtained fromithe post-larvae only 
stocking strategy (Table 2). 

Production a^lysis 

The popul^tion^stribujtions of the harvested 
crops for the:varioul stobkii^ -strategies were 
examined in detail. Examin^ti^ of the crops 
according to various majrket <^tegories indi-

T 5 

Fig. 4. Growth curves for Macrohrachium rosenberg^i reared In ponds under thre^ storing strategies 

(Table 2). Postlarval prawns grew 'from a mean 
size of 0.09 to 17.7 g and had a suirviyal rfte of 
72.4%. Prawns in the mix^ ŝ ize stocking 
strategy grew from 0.65 to 23.1 g with a 70.9% 
survival rate while the prawns in the juvenile 
only strategy grew from 0.51 to; 22.7 g' and 
exhibited a 7*7.4% survival rite. Growth 
curves were relatively similar witp differences 
most directly attributable to initial !stocking size 
(Fig. 4). Tiie apparent decrease ib size during 
the last two weeks pf the grow-out period 

cated that tail weight iiist^bjiitions for the 
mixed size stocking strategy and juvenile only 
strategy were similar witjh abotit 40% of the 
tail weight contained in tfae largest size classes 
( < 36 count tiails). in contrast, in the post-
larvae only sk^king stra^gy only 24% of the 
total tail weight was contained in these larger 
tail count categories (Table 3). 

Male^ I>rovide^ from! 9.1 -17.0% greater 
whole p r a ^ production than did the females. 



TABLE 2. Summary of stocking and production data for pond-reared Malaysian prawn produced under three stocking strategies in 1978 

-

Stocking 
Strategy 

Postlarvae 

Postlarvae Mean 

M«n ' ' 

Postlarvae + 
Juveiufes 

Postlarvae + 
Juveniles 

Mean 

Juveniles 

Juveniles 

Mean 

Pond Data 

Replicate 
Number 

1 (Bon/21/78). 

2 (B(Mi/26/78) 

" •" !*». 

I (Bon/23/78) 

2 (Bon/24/78) 

1 (Bon/22/78) 

2 (Bon/25/78) 

Surface 
Area 
(ha) 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

Date 

10 May 

10 May 

9 May 

9 May 

8 May 

8 May 

Stocking Data 

Prawns 
per 
Pond 

16,230 

16,230 

M45 
8,115 

16.230 

8,115 
8,115 

16,230 

16,230 

16,230 

Mean 
Size 
(g) 

0.11 

0.07 

0.09 

0.09 
1.02 

0.56» 

0.09 
1.40 

0.75» 

0.651 

0.51 

0.50 

0.51 

Density 
(f- m-2) 

6.46 

6.46 

€M 

6.46 

6.46 

6.46 

Date 

12 Oct. 

12 Oct. 

11 Oct. 

11 Oct. 

10 Oct. 

10 Oct. 

Elapsed 
Days 

153 

153 

153 

153 

153 

153 

Harvest Data 

Survival 
<%) 

74.4 

70.4 

72-4 

« % . . 

72.6 

70.9 

77.6 

77.2 

77.4 

Mean 
Size 
(g) 

17.4 

17.9 

17.7 

22.1 

24.1 

23.1 

22.7 

22.7 

22.7 

Kg/ha 

848.6 

832.1 

840.3 

1,157.2 

V 

1,250.7 

1,203.9 

1,196.3 

1,217.3 

1,206.8 

Feed 
Conver

sion' 

1.66:1 

1.75 :1 

1.71 ;1 

2.33:1 

2.06:1 

Z20: l 

2.22:1 

2.26:1 

2,24:1 

3 
n 
2 o 
CO. 
H 

tn 
(A 

1 

1 

i Data are weighed means. 
» Feed conversion equals number of units of feed (dry weight) used to produce a unit of prawn biomass (wet weight). 
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However, after the heads were removed the 
portion of the tail weight provided by the males 
and females was similar for all strategies (Table 
4). This resulted because the males had a 
slightly lower tail weight yield (range 44.4-'-
46.7 vs. 50.6-51.4% for the females) when 
beheaded. Sex ratios were significantly 
different (P < 0.001) from 1 :1 only in the two 
ponds stocked with the mixture of postlarvae 

were similar while among the males tliese distri
butions were substantially dissimilar (Table 5). 

Feed management 
Feeding rates were maintained at relatively 

low levels throughout the growing season, and 
after the initial four-week period they raided 
from 6.0-1.0% of estimated biomass/day 

> (Table 6). The b4ck-calculated feeding rates 

TABLE 3. Distribution of tail weight for Malaysian pmwn reared in ponds under three stocking strategies 

^ 

Tail Count '• 
(Tails/lb) 

>90 
81-90 
71-80 
61-70 
56-60 
51-55 
46-50 
41-45 
36-40 
31-35 
26-30 
21-25 
16-20 
11-15 
6-10 

> 5 

TOTAL 

Yield 

(Kg/ha) 

24.2 
8.2 

15.6 
46.3 
36.0 
51.3 
56.6 
40.2 
32.3 
34.8 
36.3 
21.2 
7.7 
0.0 
0.0 
0.0 

410.7 

Postlarvae 

Distribution 

(%) 

5.9 
2.0 
3.8 

11.3 
8.8 

12.5 
13.8 
9.8 
7.9 
8.5 
8.8 
5.2 
1.9 
0.0 
0.0 
0.0 

— 

(S%) 

5.9 
7.9 

11.7 
23.0 
31.8 
44.3 
58.1 
67.9 
75.7 
84.3 
93.1 
98.3 

100.0 
100.0 
100.0 
100.0 

-

Postlarvae + Juveniles 

Yield 

(Kg/ha) 

25.4 
6.0 
7.7 

16.6Y 
16.7 
27.9 ^ 
51.5 
93.0 , 
90.0 • 
57.9 , 
43.8 , 
48.2 
71.6 
13.8 
0.0 
0.0 

570.1 

Distribution 

(%) 

4.5 
1.1 
1.4 
2.9 
2.9 
4.9 
9.0 

16.3 
15.8 
10.2 
7.7 
8.5 , 

12.6 
2.4 
0.0 
0.0 

— 

(S%) 

4.5 
5.6 
7.0 
9.9 

12.8 
17.6 
26.6 
42.9 
58.7 
68.9 
76.6 
85.1 
97.6 

100.0 
100.0 
100.0 

— 

Yield 

(Kg/ha) 

22.7 
6.7 
7.5 

15.2 
15.1 
32.2 
65.6 
94.6 
87.8 
58.5 
61.6 
64.4 
38.9 

3.4 
0.0 
0.0 

574.2 

Juveniles 

Distril}ution 

(%) (S %) 

4.0 4.0 
1.2 5.2 
1.3 6.5 
2.6 9.1 
2.6 11.7 
5.6 17.3 

11.4 28.7 
16.5 45.2 
15.3 60.5 
10.2 70.7 
10.7 81.4 
11.2 92.6 
6;8 99.4 
0.6 100.0 
0.0 100.0 
0.0 100.0 

— — 

» These tail count categories are employed by National Marine Fisheries Service for reporting landings of penaeid 
shrimp. They typically represent marketing categories in the U.S.A. 

and juveniles and in these cases the females 
comprised a greater portion of the population 
(Table 4). As observed in other grow-out 
trials, female prawns displayed a relatively 
normal, unimodal size distribution whereas 
males exhibited a typical multi-modal, skewed 
distribution (Table 5). Among the females, 
the distributions of individuals and weights 

corres|>onded very closely to the desired feeding 
levels. Estimates at the mid-point levels (actual 
feeding rates at the middle of each four-week 
interval) varied from 4.2-1.1% for all treat
ments,, excluding the initial period. Mean 
feed conversion were 1.71, 2.20 and 2.24 for 
the postlarvae, postlarvae + juveniles and 
juveniles alone stocking strategies respectively. 



TABLE 4. Production analysis for Malaysian prawn reared in ponds under various stocking strategies 

Male 
• 

Wh<^ prawn production (kg/ha) . . 451.7 

Tail Weight Froductioa (kg/ha) . . 211.0 

tail Weight Yield (%)i . . 46.7 

Mean size (g) . . 19.7 

Sex Distribution (%) . . 48.3 

Postlarvae 

Female Combined 

388.6 ^ 

199.6 

51.4 

15.8 

51.7 

1 Percent of whole prawn weight i.e. tail weight (with shell). 

* Statistically significant at P jg 0.001. 

8403 . 

410.6 

48.9 

17.6 

— 

Stocking Strategy 

Postlarvae + Juveniles 

Male 

62 ,̂3 

280.7 

44.4 

26.6 

45.8« 

Female 

571.4 

289.3 

50.6 

20.2 

54.3' 

Combined 

1203.7 

570.0 

47.3 

23.1 

— 

Male 

650.7 

292.^ 

45.0 

25.4 

48.2 

Juveniles 

Female Combined 

556.0 1206.7 

" 281.^ , 574.1 

50.7 47.6 

20.2 22.7 

51.8 — 

^ 

•z o 

i 
o 
t-H 
tn 
CO O 

1 
1 
i 
§ 

OS. 
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TABLE 5. Population structure of Malaysian prawn reared in ponds by sex for various stocking strategies. 
Frequency distribution data are expressed as percents (%) of harvest populations (Nor weight) 

Size Class 
(g) 

Stocking Strategy 

0- 4.9 
5.0- 9.9 

10.0-14.9 
15.0-19.9 
20.0-24.9 
25.0-29.9 
30.0-34.9 
35.0-39.9 
40.0-44.9 
45.0-49.9 
50.0-54.9 
55.0-59.9 
60.0-64.9 

> 65.0 

Stocking Strategy 

0- 4.9 
5.0- 9.9 

10.0-14.9 
15.0-19.9 
20.0-24.9 
25.0-29.9 
30.0-34.9 
35.0-39.9 
40.0-44.9 
45.0-49.9 
50.0-54.9 
55.0-59.9 
60.0-64.9 

>:65.0 

Stocking Strategy 

0- 4.9 
5.0- 9.9 

10.0-14.9 
15.0-19.9 
20.0-24.9 
25.0-29.9 
30.0-34.9 
35.0-39.9 
40.0-44.9 
45.0-49.9 
50.0-54.9 
55.0-59.9 
60.0-64.9 

> 65.0 

Distribution of Individuals ^ 
Males 

%N S % N 

; Postlarvae 

11.1 11.1 
19.7 30.8 
11.7 42.5 
12.5 55.0 
11.1 66.1 
11.4 77.5 
9.6 87.1 
5.7 92.8 
3.8 96.6 
1.7 98.3 
0.5 98.8 
0.9 99.7 
0.2 99.9 
0.1 100.0 

Females. 

%N 

1.4 
3.2 

32.3 
52.5 
10.0 
0.5 
0.1 

.• Postlarvae + Juveniles 

7.7 7.7 
21.0 28.7 
11.0 39.7 
7.3 47.0 
8.2 55.2 
7.2 62.4 
6.4 68.8 
6.0 74.8 
4.5 79.3 
5.1 84.4 
4.3 88.7 
3.4 92.0 
2.9 94.9 
5.1 100.0 

; Juveniles 

6.1 6.1 
20.2 26.3 
10.7 37.0 

7.9 44.9 
7.4 52.3 
9.9 62.2 
7.8 70.O 
7-9 77.9 
6.9 84.8 
4.8 89.6 
4.9 94.5 
2.9 97.4 
1.2 98.6 
1.4 100.0 

1.9 
2.5 
6.5 

33.1 
41.4 
12.4 
1.8 
0.3 
0.0 
0.1 

1.2 
0.7 
4.9 

41.6 
39.6 
10.2 
1.6 
0.2 

' 
S % N 

>l 

1.4 
4.6 

36.9 
89.4 
99.4 
99.9 

100.0 

t 

1.9 • 
4.4 

10.9 
44.0 , 
85.4 , 
97.8 ' 
99.6 
99.9 
99.9 

100.0 

1.2 
1.9 
6.8 

48.4 
88.0 1 
98.2 1 
99.8 

100.0 

/ 
' 

• 

%wt. 

2.2 
7.1 
7.3 

11.1 
12.6 
15.9 
15.7 
10.8 
8.1 
4.1 
1.4 
2.5 
0.5 
0.7 

1.2 
5.8 
5.1 
4.8 
6.9 
7.3 
7.7 
8.4 
7.2 
8.9 
8.7 
7.0 
6.8 

14.2 

0.9 
5.8 
5.2 
5.3 
6.5 

10.7 
10.0 
11.7 
11.5 
9.0 

10.1 
6.6 
2.8 
3.9 

Distribution of Weight 
Males 

S%wt. 

2.2 
9.3 

16.6 
27.7 
40.3 
56.2 
71.9 
82.7 
90.8 
94.9 
96.3 
98.8 
99.3 

100.0 

1.2 
7.0 

12.1 
16.9 
23.8 
31.1 
38.8 
47.2 
54.4 
63.3 
72.0 
79.0 
85.8 

100.0 

0.9 
6.7 

11.9 
17.2 
23.7 
34.4 
44.4 
56.1 
67.6 
76.6 
86.7 
93.3 
96.1 

100.0 

Females 

%wt. 

0.3 
1.7 

27.0 
56.5 
13.6 
0.8 
0.2 

0.3 
0.9 
4.3 

29.2 
45.5 
16.4 
2.8 
0.6 
0.0 
0.2 

0.2 
0.2 
3.3 

37.0 
43.2 
13.4 
2.5 
0.3 

% % wt. 

0.3 
2.0 

29.0 
85.5 
99.1 
99.9 

100.0 

0.3 
1.2 
5.4 

34.6 
80.1 
96.5 
99.3 
99.9 
99.9 

100.0 

0.2 
0.4 
3.7 

40.7 
83.9 
97.3 
99.8 

100.0 



2 

3 

4 

5 

6 

TABLE 6. Estimated and back-calculated feed rates ( % biomass) for ponifreared Malaysian prawn feared under mripu^ stocking strategies 

Period 

(wk. 0-4) 

(Wk. 5-8) 

(wk. 9-12) 

(wk. 13-16) 

(wk. 17-20) 

(wk. 21-22) 

estimated 
initial 
feed 
rate^ 

. . 16.8 

6.0 

6.0 

3.3 

3.0 

1.0 

Post-larvae 

Initial Final 

17.7 

6.1 

6.1 

3.6 

3.1 

1.1 

1 Feed rates estimated daring growing season. 

* Feed rates back-calculated using 
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2.0 
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1.2 

BicJHsalciilated feed rates; after harvest* 
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1.3 

3.3 

2.7 
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2.2 
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1.3 

Based on expeittedgcowttt and survival d^ta. 

the growth and survival data obtaiaed-at time d harvosf. • 

5.5 

3.6 

4.6 

2.6 

2.5 

1.3 

Juveniles 

bitial Final 

20.0 7.5 

4.6 1.9 

^ i . . 3.9 

3.2 2.4 ' 

3.1 2.1 

1.3 ' 1.3 

Mid-Point 

10.7 

2.8 

4.7 

2.7 

2.5 

1.3 

• ' ' 

O 

n g 
W 

I 

^ 
>) 
:>>. 
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$0 
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ECONOMIC COMPARISONS OF STOCKING AND MARKETING 
STRATEGIES FOR AQUACULTURE OF PRAWN MACROBRACHIUM 

ROSENBERGII {DE MAN) IN SOUTH CAROLINA, U.S.A. 

PAUL A. SANDIFER, THEODORE I. J. SMITH AND LARRY L. BAUER* 

Marine Resources Research Institute. P.O. Box 12559, Charleston, S.C. 29412, U.S.A. 

* Department of Agricultural Economics iand Rural Sociology, Clemson University, 
Clemson, S^C. 29631, U.S.A. 

ABSTRACT 

During 1978 three stocking strategies (stocking postlarvae, stocking a mixed population of post-
larvae and juveniles, and stocking juveniles only) were compared at the same density (64,600 prawns 
ha-0 for seasonal production of prawns in South Carolina ponds. Following harvest, production costs 
were estimated for each strategy over a range of prices for seed prawns ($10-50/thousand). Revenues 
were also estimated for each stocking treatment based on four marketing strategies : (1) substitution 
for penaeid shrimp at local dock (commercial breader's) prices (tails only); (2) substitution for 
imported Macrobrachium (tails only); (3) sale as a farm-reared premium product with 
prawns > 33 g sold heads-on to specialty outlets and the remainder of the crop marketed as a tail 
product at local penaeid prices; and (4) sale of large Inimals whole as in option 3 and the remainder 
of the crop marketed at imported prawns prices. 

In South Carolina, fixed costs for a 6.3 ha prawn farm consisting of ten 0.4 ha ponds were esti
mated to be S432.62/pond for all strategies. Estimates f̂ variable costs (including feed and processing 
but excluding seed) were $710.23, $964.48 and $974.09/pond, respectively for the postlarvae only, 
postlarvae + juveniles, and juveniles only stocking strategies. 

Revenue estimates indicated profit potential for the*two stocking strategies involving juveniles at 
seed costs up to $30/thousand. However, this potential is based on the assimiption that a specialty 
market for large whole prawns will be readily accessible to South Carolina growers. Under our cost 
and revenue assumptions, stocking postlarvae alone appears unlikely to be commercially attractive, 
unless seed is provided free by government. 

INTRODUCTION the prawns can be grown all year (Hanson and 
Goodwin, 1977). In such areas, grow-out ponds 

POND CULTIVATION of the freshwater prawn, ^re maintained in a more or less continuous 
Macrobrachium rosenbergii (de Man), has be- production cycle, and all prawns harvested are 
come commercially attractive in many parts of ^f ^ ^^^^^^^ j ^g^ ^^^^ j ^ contrast, the growing 
the world, especially in warmer cUmates where ^ ^ ^ ^^ restricted and discontinuous in tem-

peratdareas such as South Carolina since winter 
Contribution from the South Carolina Marine waterYemperatures are lethal to the prawns. 

Resources Center. This paper is the result of research T 1. _ u ^ t i . x j i . 
sponsored by NOAA Office of Sea Grant. Department ^"^ ^ " t * ' ^fT ^'^ ^atch-harvested by 
of Commerce, under Grant Nos. NA79AA-D.00132 P°°<^ pa inage foUowmg a relatively short 
and 04-8-MO1-173 and the State of South Carolina, growinj period (5-7 months). Total produc-
Reference to trade names in this paper does not ^^°^ *°<^ mean prawn size at harvest are, thus, 
imply endorsement by NOAA Office of Se^ Qvmt or less than those obtained from continuous pro-
the Ŝ ate of Soifth Qarolinf), duction*ponds, aqd the crop includes ^ bro^d 
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range of prawn sizes. Despite these limitations, 
seasonal production of prawns appears to have 
potential as an agricultural alternative in areas 
such as South Carolina (Roberts aiMl Bauer, 
1978 a, b ; Smith et al., 1978). 

During 1978 three stocking strategies (stock
ing postlarvae, stocking a mixed population of 
postlarvae and juveniles, and stocking 
juveniles only) were compared it the same 
density (64,600 animals ha-^) for seasonal pro
duction of prawns in South Carolina ponds 
(Smith and Sandifer, 1981). Following 
harvest, production costs were estimated for 
each strategy over a range of prices for seed 
prawns and potential revenues were computed 
for different marketing options. The present 
paper compares estimated costs and revenues 
associated with the three stbcfeing strate^es. 
However, it is not intended as a detailed econo
mic feasibility analysis. 

We thank Mr. Paul Van Steenbergen, 
Seafood Marketing Section, Office of CtMiser-
vation, Management and Marketing, South 
Carolina Wildlife and Marine Resources 
Department for his assistance in several aspects 
of this study. We also thank Dr. David S. Liao, 
Marine Resources Rieseatch Institute, 
Dr. Kenneth J. Roberts, Louisiana State 
University, and Mr. Van Steenbergen for 
reviewing the manuscript and offering sugges
tions for its improvement. 

MATERIALS AND METHODS 

Roberts and Bauer (1978 a, b) developed a 
financial budget for small-scale farming of 
Macrobrachium prawns, as an alternative agri
cultural crop option in coastal South Carolina. 
The crop budget was prepared assuming a 
hypothetical production unit of (en 0.405 ha 
ponds of the type described by Smid^ et «/. 
(1976). These ponds are rectangular^ hayf/ % 
sloped bottom, and are equipped with concrete ̂  
liarvest basins and porrugated metal drainage 

structures. The present economic comparison 
of the three stocking strategies tested by Smith 
and Sandifer (1981) is based on the budget 
generated by Roberts and Bauer (1978 a, b), 
with appropriate changes as necessary. All 
estimated costs and revenues are presented on 
a per pond (0.405 ha) basis for a hypothetical 
10-pond farm. It is assumed that most costs 
(e.g., for construction, equipment, repair and 
maintenance, etc.) have increased by 20% 
since Roberts and Bauer (1978 a, b) did their 
calculations. It is further assumed that prawn 
farming will be carried on in conjunction with 
other farming operations. Stocking and pro
duction data for the three stocking strategies 
are presented by Smith and Sandifer (1981) 
and summarized in Table 1. 

Total revenues were estimated for each 
stocking treatm^t based on four marketing 
strategies : (1) substitution for penaeid shrimp 
at local dock (commercial breader's) prices 
(tails only product); (2) substitution for im
ported Macroftro^/tfln (tails only product); 
(3) sale as a farm-reared premium product 
with prawns > 33 g soldheads-on to speciality 
outlets and the remainder of the crop marketed 
as a tail product at tocal penaeid prices ; and 
(4) sale of large animals whole as in option 3 
and the remainder of the crop marketed at im
ported prawn prices. Prawns to be marketed 
whole would be processed by having the appen
dages trimmed, Insulting in a weight loss of 
~ 7%. This los«-wa8 taken into account in 
calculating rev^ues. Market prices represen
tative of harvest time (early fall) are listed in 
Table 2 for each of the market options. 

Co&x ANALYSIS 

Estimated pfodiuiition costs are summarized 
in Tables 3iand4 ffliil'ibxplained in detail below. 

ffriable costs ' 

Skctricity : The cost of electricity is cal
culated using a rate of $0.044/kwh. It is ^ 
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TABLE 1. Mean stocking and production data for Macrobrachium rosenbergii reared under 
three stocking strategies in ponds in South Carolina (J'rom Smith and Sandifer, 1981) 

Stocking Strategy 

Posllarvae 

PpstlarvaC + Juveniles 

Juveniles 

Stocking 

Mean Size 
(g) 

0.09 

0.65 

0.51 

Mean Size 
(g) 

17.7 

23.1 

22.7 

Survival 
(%) 

72.4 

70.9 

77.4 

Harvest 

Production 
kg/pond' 

340.3 

487.6 

488.8 

Food 
Conversion 

1.71 

2.20 

2.̂ 4 

>Pond—0.405 ha. 

TABLE 2. Representative prices for prawns sold under different marketing strategies 

Size category 
(no./kg) 

Whole prawns' 
< 18 
18-22 
23-33 

Tails only' 

24-33 
34-44 
45-55 
56-66 
67-77 
78-88 
89-99 

100-110 
111-121 
122-132 
133-154 
155-176 
176+ 

Local 
penaeid* 

13.75 
12.65 
11.44 
10.56 
9.68 
7.92 
7.26 
6.82 
5.94 
5.28 
4.40 
3.74 
2.42 

Prices (S/kg) 

Institutional* 
9.90 
8.80 
7.70 

Imported 
prawn* 
10.45 
10.12 
8.80 
8.58 
7.59 
7.04 
6.27 
6.27 
5,50 
5.50 
4.40 
2.75 
1.65 

Approximate metric equivalents of size classes (no./lb) representing typical marketing categories in the U.S.A 
Approximate, based on prices reportedly received by farms marketing in Florida, Hawaii and Puerto Rico. 
Price estimates obtained from the OfSce of Conservation, Management and Marketing, South Carolina Wfkt" 
life and Marine Resources Department, for mid-October 1979. 
Price data from Fishery Market News Report, N-93, 2 Aug. 1979 (U.S. Dept. Commerce, National Oceanic 
and Atmospheric Administration, Natioiial Maritif I'ish^rî s Sn^ioe) with oiir estim^tfs for prices missin| 
from report, . 
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assumed that a 20 hp electric pump with a 
capacity of 2.65 m*/min (159 m*/h) is used to 
fill the ponds, flush them as necessary to remove 
undesirable algae or improve water quality, 
and maintain water level (Roberts and Bauer, 
1978 a, b). By definition, one hp=0.746 kw ; 
therefore, the pump would require 14.92 kw 
of electricity/h to operate. 

growing season in South Carolina (Roberts 
and Bauer, 1978 a, b). Seepage is arbitrarily 
assumed to be twice the evaporative loss, 
although it is highly site specific. Re^dacemest 
cost = 0.131 m X 3 X 4,050 m^pond -f-
159 m'/h X 14.92 kw x $0.044/kwh = $6.57. 
Water requirements for flushing are estimated 
at 25% of filling needs, $4.87. 

TABLE 3. Summary of estimated average cost for seasonal production ofpra vms in ponds in 
South Carolina (.based on production results of Smith andSandifer, 1981) 

Item 
Cost 

($/Pond) 
Percent of 
total Cost 

Variable costs 
Electricity (921.1 kwh, |0.044/kwh) 
Labour ($63.6 h,$3.25/h) 
Fertilizer (46.4 kg, $0.12/kg) 
Repair and maintenance 
Seed (SO-SO/thousand, assume $2S/thousand) 
Feed ($234.53-441.21, average = $369.34) 
Processing($119.11-171.08, average - $153.62) 
Miscellaneous 
Interest on operating capital (1/2 of $1,520.77 at 9.5 % for 5 mos.) 

Total 
Fixed costs 

Interest on pond investment (10% of $18,416 over 10 ponds) 
Depreciation 

Harvest basin and drain ($636,12 v life) 
Pump and assembly ($2,978,12 y life, 10 ponds) 
Distribution pipe ($188.64,12 y life) 
Aerator ($420/2 ponds, 5 y life) 
Feeder and storage ($2568,10 y life, 10 ponds) 
Truck ($9,000,15 %, 6 y life, 10 ponds) 
Boat ($400, 10 y life, 10 ponds) 
Instruments ($612, 5 y life, 10 ponds) 
Seine ($480, 5 y life, 10 ponds) 
Land charge ($61.73/ha/y, 6.3 ha, 10 ponds) 

Total 

40.54 
206.70 

5.57 
66.00 

655.00 
369.34 
153.62 
24.00 
30.10 

2.0 
10.4 
0.3 
3.3 

33.0 
18.6 
7.7 
1.2 
1.5 

$1,550.87 

184.16 

78.0 

9.3 

Total average costs 

52.98 
24.81 
15.71 
42.00 
25.68 
22.55 
4.00 

12.24 
9.60 

38.89 

$ 432.62 

$1,983.49 

2.7 
1.3 
0.8 
2.1 
1.3 
1.1 
0.2 
0.6 
0.5 
2.0 

21.9 

99.9 

The volume of water required to fill each 
pond initially is 4,715 m» (0.41 ha pond X 1.1 Sm 
average depth). Cost to fill = 4715 m'-t-
159 m»/h X 14.92 kw x $0.044/kwh = $19.47 
(excluding frictional losses). 

Evaporation loss {i.e., evaporation — raia*' 
fall) IS, estimated tp be 0.131 m during the 

One 1/3 hp floating mechanical aerator is 
maintained for each two ponds. Maximum 
aeration needs are projected to be 8 h/day for 
110 days of the growing season. However, in 
field experiments, actual aleration need^ were 
much lower. Cost to aerate ==* 1/3 hp x 
0.746 kw/fap X 8 h/day x 110 days x; 
$0,044/kwb = $9.63, 
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Tot4^ cost for electricity during the growing 
season is estimate to be S40.S4/pond. 

Labour: Roberts and Bauer (1978 a, b) 
estimatedUiat a total of 54.1 h of labour would 
be required per pond during the growing season. 
We have revised these estimates slightly as 
follows, based on our experiences during the 
1978 growing season. We assume a labour 
cost of $3.25/h. 

Task hlpondj 
season 

Cost ($) 

Stocking 
Water quality analyses 
Feeding 
Aeration and 

management 
Pond and eqmpment 

maintenance 
Harvesting, washing and 

transporting crop 

2.0 
13.0 
24.5 

4.5 

3.6 

16.0 

63.6 

6.50 
42.25 
79.62 

14.63 

11.70 

52.00 

206.70 

Fertilizer : Actual use of 10-10-10 fertilizer 
during the 1978 growing season averaged 
46.4 kg/pond. The current (mid-1979) farm 
cost for such fertilizer is 30.12/kg. 

Fertilizer cost = 46.4 kg x $0.12/kg = $5.57. 

Repair and maintenance: Roberts and 
Bauer (1978 a, b) estimated these costs at 
$55.00 season. We have used their estimate, 
adjusted for increased labour and material 
costs: $66.00. 

Seed stock : Roberts and Bauer (1978 a, b) 
assumed that seed wouldJses provided free or at 
low cost by a State-owned hatchery, and thus 
did not include seed costs in their budget. 
They based their assumption on the situation 
in Hawaii where a State hatchery supplies co
operating prawn farmers with postlarvae at no 
cost for the firsit three yeĵ rs of operation and 

at the variable cost of production thereafter 
{e.g., $6/thousand, Shang and Fujimura, 1977 ; 
SlO/tfiousand, Gibson and Wang, 1977). 
While there remains some possibility that a 
government hatchery mi^ t provide s«ed 
prawns for farmers in South Carolina, it aj)-. 
pears more likely that farmers here and in other 
southeastern states will have to purchase seed 
from commercial suppliers. Recently adver
tised prices for postlarvae range from $25-50/ 
thousand, with discounts for large quantity 
purchases. Little information is currently 
available concerning possible prices for larger, 
nursery-reared juveniles. For the present 
comparison, we have considered a broad range 
of prices ($0-50/thousand) to elucidate the 
impact of different levels of seed stock costs on 
the potential profitability of each of the three 
stocking strategies. All costs were computed 
for the same stocking density, 26,200 prawns/ 
pond. 

Range of seed prices 
i$IThousand) 

Range of seed 
Costs {IfPond) 

0 (free from government 
hatchery) 0 

10 262.00 
20 524.00 
30 786.00 
40 1,048.00 
50 1,310.00 

Feed: Actual mean production levels and 
feed conversions (FC) {i.e., kg dry food to 
produce 1 kg live prawns) obtained during the 
1978 rearing experiment were used to estimate 
feed costs (Table 1). Cost of the feed (Ralston 
Purina Marine Ration 25) was $0.403/kg 
delivered. 

Feed cost = kg prawns/pond x FC x 
$0.403/kg food = $234.53 for postlarvae stra
tegy, $432.29 for postlarvae + juveniles stra
tegy, and ^441,21 for Juveniles only strategy, 
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Processing : Processing costs were not in
cluded by Roberts and Bauer (1978 a, b). For 
the present analysis, a local cost of S0.3S/kg for 
grading, heading, icing and packaging penaeid 
shrimp was charged. This resulted in proces
sing cost estimates of $119.11, $170.66 and 
$171.08/pond, respectively for the postlarvae, 
postlarvae + juveniles and juveniles only stock
ing strategies. 

Interest costs = $13.78 - 39.71/poad forpost^ 
larvae strategy; 

=: $18.72-44.65/pond for p(»t-
larvae + juveniles stra
tegy ; 

= $18.90 - 44.83 / pond for 
juveniles only strategy. 

TABLE 4. Total estimated costs ($/0.405 ha pond) of producing prawns in Soutli Carolina for 
different stocking strategies and seed costs 

Stocking stratejgy 

Postlarve only 

Variable 
Fixed 
Total 

Postlarvae + Juveniles 

Variable 
Fixed 
Total 

Juveniles only 

Variable 
Fixed 
Total 

0 

710.23 
432.62 

. . 1,142.85 

964.48 
432.62 

. . 1,397.10 

974.00 
432.62 

. . 1,406.62 

10 

977.42 
432.62 

1,410.04 

1,231.66 
432.62 

1,664.28 

1,241.19 
432.62 

1,673.81 

Seed cost ($/Thousand) 

20 

1,244.60 
432.62 

1,677.22 

1,498.85 
432.62 

1,931.47 

1,508.37 
432.62 

1,940.99 

30 

1,511.79 
432.62 

1,944.41 

1,766.02 
432.62 

2,198.64 

1,775.56 
432.62 

2,208.18 

46 

1,779.08 
432.62 

2,211.70 

2,033.22 
432.62 

2,465.84 

2,042.74 
432.62 

2,475.36 

50 

2,046.16 
432.62 

2,478.78 

2.300.41 
432.62 

2,733.03 

2,309.93 
432.62 

2,742.55 

Miscellaneous: Roberts and Bauer (1978 
a, b) estimated miscellaneous costs at $20.00/ 
pond/season. We have used the same esti
mate here, adjusted for inflation: $24.00. 

Interest on operating capital 

Roberts and Bauer (1978 a, b) computed 
interest on operating capital as the product of 
I the total operating costs and an annual 
interest rate of 9% for six months. We 
followed the same approach, but adjusted the 
interest rate to 9.5% and the time period to 
five months. Interest rates were calculated at 
every level of seed costs, but only the langra 
are giv«i below. 

Fixed costs 

Pond construction and. levee stabilization: 
The total cost of building levees of excavated 
soil, surfacing the levees with limestone, and 
planting the slopes isestimated to be $18,416.00, 
adjusted for inflation, for a 10-pond production 
unit (Roberts and Bauer, 1978 a, b). Annual 
fixed cost for pond construction is calculated 
using 10% as representative of alternative 
investments. 

Construction _cost == $18,416 •*• 10 ponds x 
q.l/y = $184.16. 

DeprecicAle costs ̂ ' Cost, estimates for 
harv^ banns ai^ dmns, puiiq> assembly, water 
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distribution pipe, aerators, feed and feed 
storage, boat, water quaUty instruments, and 
seine were taken from Roberts and Bauer 
(1978 a, b) and adjusted for inflation. Cost 
eslJlBates for tiiese items are listed in Table 3 
and total $187.02/pond. 

No e^imate of vehicle cost was included by 
Roberts and Bauer (1978 a, b). Here we assume 
that one pick-up truck costing $9,000 and with 
a useful life of 6 yr would be needed 15% of 
the time for the 10-pond production imit. We 
further assume that the other 85% of truck 
cost would be charged against other farming 
operations. 

Truck cost = $9,000.00 x 0.15 x 0.167/y -^ 
10 ponds = $22.55. 

We estimate that our hypothetical farm of ten 
0.405 ha ponds would require a total^of 6.3 ha 
of land, including access road, fevees, etc. 

Land cost = $61.73/ha/y x 6.3/ha -^ 10 
ponds = $38.89. 

REVENUES 

Estimates of gross revenues for the prawn 
crops ranged from $994.57-$2,526.86/pond, 
depending on stocking and marketing strategies 
(Table 5). Overall, the two stocking strategies 
involving juvenile prawns produced similar 
revenue estimates, despite significant differences 
in their initial population structures. JFurther, 
estimates of revenues from these ponds ranged 

TABLE 5. Estimates of potential gross revenues ($/0.405 ha pond) for prawn 
crops produced and sold under different stocking and marketing strategies 

Market strategy 

Tails only product 
Penaeid^ 

Imported prawn' 
Whole + tails product 
Whole + penaeid" 
Whole + pravra* 

Postlarvae 

1,146.26 

994.57 

1,323.74 
1,251.39 

Stocking strategy 
Postlarvae 
+ Juveniles 

1,960.49 

1,635.98 

2,346.02 
2,273.46 

Juveniles 

1,928.21 

1,615.49 

2,526.86 
2,452.38 

' Based on local prices for penaeid shrimp, Oct. 1979. Price data from OflSce of Conservation, Management 
and Marketing, South Carolina Wildlife and Marine Resources Department. 

» Based on prices from Fishery Market News Report, N-93, 2 Aug. 1979 (U.S. Dept. Commerce, National 
Oceanic and Atmospheric Administration, National Marine Fisheries Service). 

* Based on prices received for whole prawns in Florida, Hawaii and Puerto Rico and local prices for penaeid 
shrimp tails. 

* Based on prices received for whole prawns in Florida, Hawaii and Puerto Rico and prices for imported prawn 
tails. 

Land charge: Roberts and Bauer (1978 
a, b) did not include any cost for land. We 
assume that prawns will be considered simply 
as an alternative agricultural crop. Currently, 
a^culturallimd in South Carolina is charged 

' at the rate of $6L73/ha/y in orop budgets. 

from ~ 62-96% greater than those generated 
by the postlarvae—only ponds, depending on< 
market strategy. 

As expected, the diversified marketing stra
tegy in which large prawns would be sold as a 
speciality whole product and the reniaiulcd: M 
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the crop as substitutes for peaaoid shrimp tails > 
generated the greatest revenues (Tiaible. 5). 
Tliis strategy would produce Hevenpes 'M 16 
20 and ?1 % greater than thase ŝ osutting from, 
sale of the entise crop as a substitute for pooaeid 
tails for the postlarvae, postiarvae + juvdiiles 
uid juveniles only stocking strategies, respec
tively. Even greater percentage 'increases in' 
revwBue ( ~ 26, 39 and 52 %, BMpectively) would 
be realized by selling (he large animals whole 

if, the tails-Kjnly i»oduet iis considered only 
equiik^dent to iis^iorted inrawns. 

If the large'prttWns atie marketed as a whole 
speciality ptfoduet, estiinatfcs of net revenues 
indicate a reasotiable profit potential for the 
two stocking strategies involving juveniles at 
seed costs upt o $30/thousand (Table 6). A neiar 
break-even situation appears likely for the 
juveniles only sra tegy at seed costs upto $40/ 
thousand. If prawns from these stocking 

'ii\i\ 

TABLE 6. Comparison o/pe^ential iiet revenue (S/0.405 ha pondy/or prawn crops produced under different 
stocking strategies as a function ofsMd cost and m^et strategy {numbers in parentheses are negative returns) 

Stocking strategy/ 
Seed cost (S/IOOO) 

Stocking strategy: 
0 

10 
20 
30 
40 
50 

Stockiiig sti'ate^: 
0 

10 
20 
30 
40 
50 

Stocking strategy: 
0 

10 
20 
30 
40 
50 

Postlarvae only 

• . • . 

„ , , . , 

Tails onlj 

Penaeid* 

( 3.41) 
( 263.78) , 
( 530.96) 
(798.15) 
(1065.44) 
(1332.52) 

Postlarvae + Juveniles 
i ' , • - • 

Juveniles only 

S63.39 
296.21 
29.02 

( 238.16) 
( 505.35) 
(772.54) 

521.59 
254.40 

( 12.7̂ 8) 
( 279.97) 
( 54^15) 

.( 814.34) 

Marketing strategy 

r 

Imported 
priora» 

( 148.28) 
( 415.47) 
( 682.65) 
( 949.84) 
(1217.13) 
(1484.21) 

',. . . 
238.88 

( 28.30) 
( 259.49) 
( 562.67) 
( 829.86) 
(1097.05) 

209.87 
( 58,32) 
( 325.50) 
( 592.69) 
( 859.87) 
(1127.06) 

, Whole + tails 

Penae(d» Prawn* 

180.89 108.44 
, f ( 86.30) (158.65) 

(353.48) ( 425.83) 
( 620.67) (693.02) 
('887.96) ( 960.31) 
(1155.04) (1227.^) 

948.92 876.36 
681.74 609.18 
414.55 341.99 
147.37 74.82 

(119.82) (192.38) 
(387.01) (459.57) 

. • • 

112024 1045.76 
853.05 778.57 
585.87 511.39 
318.68 244.20 
51.50 ( 22.89) 

(215.69) (290.17) 

^ Based on local prices for psnaeid shrimp, Oct. 1979. Price data from Office of Conservation, Management 
and Marketing, South Carolina Wildlife oad Marine Resources Department. 

» Based on prices fromFidiery ^ladtet News Report, N-93, 2 Aug. 1979 (U.S. Dept. Commerce, Natiwial 
Oceanic and Atmospheric Adtiiinistration, N#Ji«p«l Marine WslMtfies Service 

3 Based on prices received for wh l̂e pramas in Fjb^i^, Bm»u and Puerto Rico and local prices for penaetd 
shrimptails. ,̂  _ ^.^ .• :-'i ,-jf HJ ;̂ '., ' ' '•••' • > 

• Based on prices received for whole prawns in FlcMnkla, Ibwaii and Puerto Rico and prices for imported prawn 
tails. * 
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strategies 4te marketed entirely as a tails-only 
product at local prices for penaeid shrimp, a 
profit or break-even situp,tioii is likely to be 
realized only at seed costs < $20/tljousand. The 
postlarvae only stocking strategy showed little 
profitpotential under pur cost and revenue 
assumptions, unless seed is availble at no cost 
to the farmer. 

DISCUSSION 

Based on the preceding analysis, seasonal 
farming of freshwater prawns as an agricul
tural option in South Carolina is much more 
likely to be profitable for stocking strategies 
involving juvenile prawns than if newly meta
morphosed postlarvae alone are stocked. 
In fact, under our cost and revenue assumptions, 
stocking postlarvae alone appears unlikely to be 
commercially attractive, unless seed is provided 
free by government. More likely, farmers will 
have to purchase seed from private suppliers. 

For the juveniles only and mixed stocking 
strategies, lesults of our economic comparisons 
indicate a significant profit potential at seed 
costs upto $30/thousand. This seed cost level 
is probably a Uttle low, considering that both 
postlarvat and juvenile seed are involved. 
However, no data are yet available on the 
cost of producing larger seed, but obviously 
they will be more expensive than postlarvae. 
Further, these results are predicated on the 
assumption that a speciality market for large 
whole prawns will be readily accessible to 
South Carolina growers. If instead the prawns 
must be marketed as shrimp tails only, South 
Carolina growers could afford much less for 
seed. 

Of the costs included in our crop budgets, 
that fot seed was the most significant (Table 3). 
Each $10/thousand increase in the price of 
seed increased total cost by 23% over base 

(i.e., total costs exclu<^ag^ed> for ^ post
larvae only strategy and 19% for each strategy 
involving juveniles. TMas, anything that woiiltf 
reduce seed c&sts Would increase profits sub^ 
tantially. For example, if atiscynf denaty 
could be decireased appreciably without a 
major reduction in crop value'(r.e., product % 
somewhat smaller biomass but;<with- a: greater 
proportion of laxger, more vsybUaMe-prawss). 
profitability might be iattarevedi, We ni^ testing 
this idea currently. Also, recent competition 
among private suppliers has already forced 
seed prices dovm somewhat froja'Ae'; previous 
general level of SSO/thousand,^Juul continued 
competition may result in further price reduc
tions. 

The second greatest cost in our budget was 
for feed. Obviously, improvements in "feed 
conversions over those seen here (1.7-2.2:1) 
could result in significant shavings. 9^ed qfi, 
data from a 1979 study (Sandifer apd Smith, 
unpubUshed) and results reported by Willis 
and Berrigan (1977) from Florida, ,we believe 
that feed conversions on the order of 1 :1 
are quite possible on a well-managed prawn 
farm. Such an improvemeiU in feed utiliza
tion might result in as much as a 10% decrease 
in total cost of production and thus ah increase 
in profits. 

While we do not yet advocate investment in 
seasonal prawn culture in Sputh Carolina .and 
other areas of mild temperate climate, such 
culture clearly appears to have commercial 
potential as a part of ongoing agricultural 
enterprises. However, we emphasize that this 
apparent potential rests on many assumptions, 
perhaps the most important of which are that 
small growers would have ready access to 
speciality markets for whote ptmo& ^idi that 
seed costs for juveniles or a auxture of post
larvae and juveniles would not exceed $30/ 
thousand. As yet, neither of these assumptions 
has been demonstrated. 
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SOME CONSTRAINTS IN PRAWN CULTURE 

C. V. KURIAN 

Dept. of Marine Sciences, University of Cochin, CocA/n-682016, India 

ABSTRACT 

During recent years prawn culture has become very popular especially for increasing resources 
for the export market. Many new entrepreneurs have come into the field following conventional 
methods or practices based on information received from concerned institutes. In many cases prawn 
culture has proved to be profitable, but the constrains are many and in some cases serious losses have 
occurred. At this juncture it is desirable to review the various aspects of prawn culture so as to find 
out methods to overcome the diflSculties experienced by the farmer. The major diflSculties met 
with are (1) Preparation of ponds and their maintenance ; (2) Exclusion of predators from the culture 
pond; (3) Collection and transportation of suitable fry for stocking; (4) Lack of sufiScient knowledge 
regarding the optimum number to be stocked in a particular type of pond ; (5) Feeding and location 
of cheap food; (6) Diseases of prawn cultured in captivity especially softening of shell and diseases 
caused by bacteria and fungi which result in mass mortality ; and (7) Changes in the hydrographical 
conditions of the pond particularly as a result of monsoon rains. Based on the studies carried out in 
Kerala the various limiting factors in prawn culture are discussed. 

INTRODUCTION 

DURING the last few years prawn culture has 
become poptilar especially for increasing produc
tion for the export market. In many cases 
prawn culture has proved to be profitable, 
but the constraints are many and in some cases 
serious losses have occurred. Some of the major 
difficulties met with by the farmer are discussed 
here. 

CONSTRAINTS IN PRAWN CULTURE 

Preparation of ponds and maintenance of bunds 

Though some species of prawns such as 
Macrobrachium rosenbergii, M. malcomsonii 
and M. rude could be cultured in freshwater 
ponds, the brackishwater ponds are more sui
table for prawn culture particularly for penaeid 
prawns. Though different sizes of ponds are 
in vogue for prawn culture the minimum size 
should be 10 x 10 x 0.75 m. Shallower ponds 
are not suitable as temperature in such ponds 

may rise up during summer. Deeper ponds 
are advantageous though it Would be diffictilt 
to keep them in fertile condition. However 
in deeper ponds poly-culture Would be feasible 
and fishes like mullets and Chanos could also be 
introduced advantageously. The larger the pond 
the better the yield could be though management 
will be more diflSksult. The ponds may have 
earthem walls, preferably reinforced with stones 
or concrete especially in regions where wave 
action or flood is likely to destroy the bunds. 
Growing of suitable turf, grass or shrubs on the 
bunds often help to keep them in position. The 
bunds should be of sufficient height so that 
tidal or flood waters do not overflow into the 
ponds. Though pure muddy bottom is not 
suitable, bottom with sandy mud or muddy 
sand is found to be more fertile and would serve 
as better substratum for benthos which Would 
form food of prawns. A comparatively hard 
bottom with only a few mm of loose sediment 
on the surface is recommended. The ponds 
have to.be provided with adjustable sluices 

http://to.be
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and gratings for the free flow of water. Gra
tings with fine meshes prevent the escape of 
praWQS stocked and prevent the entrance of 
predators into the pond. Though nylon net
ting is good, they somtimes get damaged by 
the attack of crabs. Gratings made of bamboo 
pieces or wire mesh are sometimes used. Though 
wire mesh is stable, it gets d a m a ^ by 
rusting in salt-water. By occasional checking 
and replacing spoiled ones metal mesh gratings 
are found to be the best. Double gratings 
could be provided for more safety. 

The maintenance of bimds is a problem, 
varying in different localities. Rains, floods 
and Waves may damage the bunds depending 
on their forms. Crabs often cause severe 
damage to the bunds which results in the escape 
of prawns and admission of predators from 
outside. The mud lobster Thalassina sp. Which 
burrows in the bunds Weaken them, causing 
leakage. The crabs and mud lobster may \K 
killed by pouring qucik lime into the holes 
in the bunds. Burrows made by rats also 
cause destruction to the bunds. This could 
be prevented only by constant checking of th<5 
bunds and carrying out repairs. 

Exclusion of predators from culture ponds 
After construction of pond, the usual practice 

is to pump out water or kill.all organisms in 
the pond by applying some poisons whose 
residual effect will be for only a short period. 
Tea seed cake or ' mahua' is commonly used. 
This will exterminate all predators and the 
pond will be suitable for stocking after two 
weeks. It is also desirable to keep the pond in 
dry condition for sometime if it is practicable. 
In ponds which are not fertile organic manures 
like cow-dung or inorganic manures such as 
phosphates and nitrates could be applied, 
which Would help in the blooming of algae and 
thus enriching the water with phyto-zooplank-
ton and benthos. 

The larvae of predators, includmg perohes 
and crustaceans may get into the ponds through 

the meshes of gratings and get themselves esta
blished. Perches are found to devour even large 
prawns. However, no satisfactory niietbod is 
yet available for the complete eradication of 
these pests front the ponds. Constant check
ing and removing tiiem may be helpful in small 
ponds. 

Collection and transportation of prawn fry 

Recent investigations have .shoWn that fry 
of some of the commercial species of prawn 
such as P. indieus, M. dobsoni, M. monoceros 
and P. monodon are available in various locali
ties both in the coastal waters and shallow regions 
of estuaries. It has been observed that 2,000 
to 5,000 prawn fty could be collected per day 
by a single person from some of the shallow 
creeks of the estuaries during fair pre-monsoon 
season. But, the major difficulty is the identifi
cation of fast growing species in the field. 
Among the marine prawns, P. monodon is 
the most profitable for prawn culture as it 
has maximum growth rate of ca 30 mm/ 
month and reaches 223 mm size in 9 months. 
But P. monodon is a rare species, especially in 
Kerala which is. the most promiQent state 
engaged in prawn culture. Transportation of 
p. monodon fry banx other states has been 
tried and cultujre4,in some of the farms in 
Kerala. The growth rate and the maximum 
size reached by a feW common prawns suitable 
for culture are given in Table 1. 

Stocking the prawn seed prior to transporta
tion to fish farms is the next hurdle. Plastic 
pools of various sizes are now in use, but keeping 
large number of fry and fingeriings in an 
enclosed pool results in much mortality ranging 
from 20-60. Constant aeration, removal 
of dead fry, replenishing of Water and 
keeping fry in the collection ground itself in 
suitable enclosures help to reduce mortality. 

The fry are not always available in the 
estuary in considerable numbers and so collec
tion of fry from the estuaries and inshore 
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Waters is not a satisfactory method ,for the 
supply to the culture ponds. The alternative 
is the pjoductiott of seed in hatcheries. Some 
Work has been done m this direction but the 
teohiioloig^ for mass production for stocking 
purposes has yet to be developed. The present 
practice is to collect spawners from commer
cial catches from the sea and keep them under 
laboratory conditions and these are found to 
bleed Within 12 to 48 hours. 

Transportation of prawn seed is another' 
constraint in prawn culture. Kurata and 
Shigueno (1979) observe that 700,000 seedlings 
of P. japonicus could be transported by tnick 
for 12 hours in a plastic container of 1 ton capa
city, equipped With an aeration System. The 
optimum number of seed of indigenous species 
that could be transported iby various means 
have to be worked out. Acclimatisation of 
larvae to the new surroundings would be 

TABLE 1. Grdwth rate and maximum size reached by some common prawns 
suitable for culture 

Species 

Penaeus monodon Fabricius . 
P. indicus Milne Edwards 
Metapenaeus dobsoni {Mieis) 
M. monoceros (Fabricus) 
M. afflnis (Milne Edwards) 
Macrobrachium rosenbergii (de Man) 
Af. malcpmsontl (Milne Edwards) 

Growth rate/ 
month 
(mm) 

30 
20 
10.5 
15 
22 
30 
10 

Maximum length 
recorded 

(mm) 

320 
230 
188 
180 
180 
320 
230 

In P. mo/Kx/dn gonadal development has been 
induced using eye-stalk ablation techniques on 
sexually mature females (Santiago Jr., 1977), 
Continuous aeration of the water is necessary 
and the greatest difficulty experienced is the 
feeding of the neWly hatched larvae. Diatom 
cultures (SkeUtonemd) have been helpful, but 

.procurement of sufficient quantity When the 
prawn larvae are hatched is a problem. Finally 
ground prawns have been found to be a success
ful feed, though pollution by remnants is a 
problem. This could be prevented by constant 
removal of excess feed. Transferring the larvae 
to nursery ponds would be advantageous for 
minimising mortality. After 3 or 4 weeks 
in the nursery they may be transferred to 
culture ponds. The larvae collected from the 
wild could be transferred direct to culture 
ponds having similar salinity and temperature 
structure. 

necessary as it has been observed that maximum 
mortality of larvae in the stocking pond 
occurs during the first 24 hours of introduction. 

Stocking of ponds 

In prawn culture our experiments in small 
ponds and cages have shown promising results, 
but in large areas the results are not encouraging. 
Experiments conducted in USA have 
shown that prawns yielded about 3 tonnes/ha 
in less than 10 ha ponds. 

It is iiecessary to ascertain the inaximum 
number of seed that has to be stocked in a 
particular pond. In Japan 15,000 to 30,000 
prawn larvae/ha have been cultured arid it is 
found that the introduction of the above num
bers in two consignments is more advantageous 
for getting better yield. The survival rate is 
usually high When 10 mm and above larvae 
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are Stocked. Howaveif, the optimum nuinber 
of prawn larvae to be stocked in a particular 
pond has to be determined after a thorough 
study of the ecology of the pond and also 
taking into account the natural fopd available 
and also the amount of artificial feed- But 
stocking more than lOO/m^ is a waste oif «hrimi) 
fry (Kurata and Shigueno, 4979). 

Feeding in culture ponds 

In most of the prawn culture operatioiiB 
carried out in India feeding is not dope. Tfee 
natural fertility of the pond and the inijoming 
tidal flow provide the food required profvidgd 
the stocking is not intense. But, if stocking is 
done on a large scale supplementary feeding is 
essential. Increasing the fertility of the water by 
adding coW-dung is an age-old and successful 
practice, which is comparatively cheap. Though 
in c^ivity the prawns feed on varioys types 
of food such as rice bran, oil cake, fish waste 
etc., artificial feed could be prepared using 
waste materials such as fish offals, praWn shells, 
green plants, etc. Often such a mixture is 
enriched with vitamins. Two to three times 
body Weight is the standard daily ration. 

Diseases of prawns 

The penaeid as Well as palaemonid prawns 
caught in natural surroundings are normally 
healthy and only rare instances of serious 
diseases are met With. But in culture ponds 
especially for those without adequate circula
tion of water a variety of problems have been 
encoimtered. Besides diseases caused by 
bacteria and fungi, 'thinning' of the exo-
skeleton has been observed. The reasons for 
the ' thinning' of the shell other than by 
moulting have not been fully understood and 
as such remedies are also not available. This 
may be due to metabolic changes owing to 
changes in the ecosystem, probably due to the 
lack of sufiicient available calcium in the 
water. It has been observed that the life of 
prawns after ' thinning' is short and there is 

not much demand for such prawns, Leaching 
of pesticides and pollutants into the ponds 
also may result in mass mortality and this 
Would be assessed by constant testing of the 
water and suitable preventive measures have 
to be taken. , 

Changes in the hydrographical conditions of 
the culture pond 

The essential hydrographical factors v^ch 
^ec t the growth and survival of prawns are 
temperature, salinity, pH and dissolved oxygen. 
Though the prawn could tolerate gradual 
changes of the above to resonable limit, any 
sudden change may result in mass mortality. 

The normal temperature required for 
brackishwater farms is 25° to 32 °C. Though 
the prawns coiUd be acclimatised to tolerate 
lower temperature, the optimum growth is 
found to be in the above range. However, 
When dealing with larvae, it is essential that the 
temperature is kept constant for lessening the 
percentage of mortality. 

As regards salinity, under laboratory condi
tions P. indicus, M. dobsoni and M. monoceros 
have been found to tolerate a salinity range 
between 3%,, and 43 %o, but the maximum 
growth rate occurred in 25 - 30 %oS. However, 
sudden change of salinity during monsoon rains 
killed the prawns, this being more evident in 
the ponds separated from the estuary. For fresh 
Water prawns such as Macrobrachium rosenbergii 
low salinity is enough, the best growth being 
observed in 2-4%,, S. 

The normal pH of the estuarine and inshore 
waters will be around 8. Soil acidity as low 
as 3 - 5 may be caused in the estuarine regions 
by the decomposition of mangrove roots 
under anaerobic conditions and accumulation 
of iron sulphide salts. The coastal alluvia 
consisting of heavy clay are generally highly 
acidic. This is mainly, due to the accumulation 
of iron sulphide in the subsoil. This substance 
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has \o be remwed for making the pond produc
tive. 

. The soil acidity can be corrected by the 
addition of lime and renjoval of acidity by 
leaching with the help of tidal flow. Instances 
have been reported about the sudden lowering 
of pH in ponds during the first monsoon rains. 
This may be either due to the leaching of salts 
from the bunds of newly constructed ponds 
or by percolation of acidic water from nearby 
areas. These have to be investigatied and 
acidity corrected. 

At normal conditions depletion of oxygen 

in the ponds may not occur, as the phytoplank-
ton bloom produces enough oxygen during 
day time. But the presence of too much vege
tation and limited tidal flow and rise of tempe
rature on wind-less days may result in oxygen 
depletion and thereby mass mortality of prawns. 
A major part of the dissolved oxygen in the 
pond Water is consumed by micro-organisms 
and suspended organics which may amount 
to about 75 % and only the remaining Will be 
available to the prawns. The oxygen require
ment of the prawns varies with species and size. 
P. indicus has been found to tolerate as low 
as l.49/ml 0,/l . 
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A B S t K A C T 

This paper deals with the experimental culttue of Penaeus indicus and P. semisulcatus carried out In 
two coastal ponds at the fish farm 9f the Central Marine Fisheries Research Institute at Mandapam 
Camp for a period of 158 days during 1978 and 1979. Sea water was pumped into the culture pond 
daily to maintain water level at 0.75 m. Two experiments were carried out to study the growth rate of P. 
indicus at a stocking rate of five numbers per sq. m, one with supplementary food and the other with 
natural food elements produced by application of inorganic fertilisers. In the third experiment, P. semi
sulcatus stocked at the rate of three per sq. m were fed with pelletised supplementary food. Results 
of the above experiments are presented and discussed in the background of experimental culture 
operations carried out earlier. 

INTRODUCTION 

INCREASING interest is being shown at present 
for marine prawn farming operations in India 
owing to the export potential of prawns. 
Among the two methods of prawn cultivation 
in vogue, the extensive method has been prac
ticed in India and south-east Asian countries 
involving natufal stocking of prawns in tidal 
enclosures. The simplest form of semi-
intensive prawn culture is practiced in 
Philippines by stocking Penaeus monodon post-
larvae collected from estuaries in brackish 
water ponds, and in India, P. indicus and 
P. monodon are selectively stocked in salt pans 
at Manakkudy and Kakinada (Muthu, 1978). 
There are plenty of estuarine, coastal lagoon 
and brackish water area along south-east coast 
of India, which have not been put into proper 
utilisation for aquaculture practices (CMFRI, 
1978 a). Earlier attempt to study the effective 
utilisation of a part of the saline lagoon on 
the Palk Bay coast near Mandapam Camp was 
carried out by Tampi (1960) by culturing the 
milkfish, Chanos Chanos. In the present report 
the results on the experimental culture of 

P. indicus Milne Edw. and P. semisulcatus 
de Haan undertaken during 1978-79 in two 
coastal ponds in the same locality are reported. 

The author expresses his grateful thanks to 
Dr. E. G. Silas, Director, C.M.F.R. Institute 
and Dr. P. Vedavyasa Rao, Senior Scientist 
for their keen interest, help and guidance in 
this work. I am thankful to Mr. P. Bensam, 
Scientist for going through the paper and for 
offering suggestions. 

CULTURE PONDS 

Tampi (1960) gave an account of general 
outlay of experimental ponds of CMFRI fish 
farm site along Palk Bay at Mandapam Camp. 
After the publication of the account by Tampi 
(1960) a cyclone had hit the farm iarea in 1964 
and the ponds and sluices were partly damaged. 
In view of this, experimental culture operations 
were suspended, pending repair of the ponds. 
Subsequently in February, 1978 one of the 
culture ponds, previously named as VII by 
Tampi (1960) was excavated to one metre 
depth and the damaged bimds were streng-
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thened for using it for prawn culture. In 
November, 1978, once again due to cyclone, 
tidal water entered the pond area and damaged 
the bunds. In February, 1979 one more pond 
was added in the site for prawn culture 
operations. Both these ponds were further 
deepened to a depth of 1 m and the bunds 
were strengthened by ramming up the earth. 
The former pond was 30 m long and 15 m 
wide, with a water area of 450 sq. m, and the 
latter pond was 28.0 m long and 14.5 m wide, 
with a water area of 406 sq.m. 

The bottom soil of the ponds was admixture 
of sand and clay with shell fragments of marine 
molluscs. The soil condition of the lagoon 
area and the chemical nature of the lagoon mud 
have been dealt with by Tampi (1959) and Pillai 
(1954; 1956). As the sluice system was 
damaged completely, sea water supply to the 
pond was effected by pumping with the aid of a 
dieselengine of 6.5 H.P. capacity. The pumped 
water was filtered through a mosquito net in 
order to prevent the entry of unwanted orga
nisms such as fish fry. Due to seepage and 
evaporation, about 25% of the water level 
went down per day in the ponds and hence sea 
water was pumped every day during day time 
and the water level in the ponds was maintained 
around 0,75 m. 

Recording of environmental parameters 
such as salinity, temperature and dissolved 
oxygen of the water in the ponds were taken 
regularly. It was found during the progress 
of the experiments that surface water tempera
ture did not show significant differences from 
one pond to another- The values ranged from 
30° C to 32°C during April-May period of 
1978 and 1979 and in June -September period 
temperature values varied from 29°C to 3 r c . 
Theaverage monthly salinity and oxygen values 
are presented in Table 1. 

SEED COLLECTION 

A good fishery for P. semisulcatus is existing 
off Mandapam (Narjdakumar, MS) and the 

seeds of this ccmmercially valuable prawn are 
available during March-April and September-
October periods in coastal waters of Palk 
Bay at Thonithurai particularly in the 
algal bed and at Devipattinam. Eventhough 
P. indicus does not contribute to the prawn 
fishery at Mandapam, the seeds of this 
species are available in estuarine, coastal and 
backwater area of this locality in February-
April and July-November periods. The seeds 
of P. indicus and P. semisulcatus for stocking 
were collected from coastal waters of Palk 
Bay at Thonithurai, about 5 km south-east 
of Mandapam Camp by using a nylon mosquito 
net of 2 m X Im size. The collected seeds were 
transported in plastic containers of 47 litres 
capacity to the aquarium at the Regional 
Centre of CMFRI and accUmatised in plastic 
pools with running water facilities. They were 
kept for one week in this manner and trans
ported to the farm site which is about 1 km 
from the Regional Centre. 

EXPERIMENTS 

Three experiments were conducted during 
1978-79, one in 1978 and two in 1979. 

Experiment I: This experiment dealt with the 
culture of P. indicus with food, minced clam 
meat and trash fishes in the pond of 450 sq.m. 
Before stocking the pond, netting operations 
revealed that it was devoid of any injurious 
organisms such as predatory fishes and crabs. 
P. indicus seeds were stocked in the pond at 
a rate of 5/m*. The average total length 
of the seeds was 23 mm and the average weight, 
0.11 gm (Plate I A). After stockrag, the 
seeds were fed with clam meat and minced 
fresh trash fish at a rate of 10% of the body 
weight of the prawns and this rate was con
tinued throughout the experiment. The 
salinity range of pond water was 33.08-35.19 %„ 
and the oxygen content varied between 4.0 ml/1 
and 5.3 ml/1 (Table 1), During first week of 
September, a slight discolouration of pond 
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water was observed. A p l ^ j k ^ ipaip^ 
collected during the period was «nalyse4:>^ 
the occurrence ot Trichodesmiim ery^i>§ev^ 
and ThallassiotMx framfel^ii wa* npt i i^ . 
This discolouration disappeared within a period 
of about three days, and no adverse V^KISA of 
this was observed on the culture ^ook. . 

^231.53 kg/ha/5 months at a stocking rate of 
^,000 prawn seeds/ha. 

Experiment II: This experiment was also 
on P. indicus but without giving any supple
mentary food, but with application of inorganic 
fcitilisers to the pond water. The pond used 

TABLE L Average saHntty (%,) and dissolved oxygen content (mill) for the months from 
April to September during the years 1978-79 

Month 

April 
May 

June 

July 
August 

September 

I Experiment—1978 

Oxygen 

4.i 
4.8 . 

4.0 

5.3 

4.6 

4.5 

Salinity 

33.08 

33.45 

33.88 

35.19 

34.02 

34.84 

II Experiment—1979 

Oxygen 

5.0 

5.4 

4.5 

5.0 

5.3 

5.1 

Salinity 

32.12 

31.83 
34.00 

34.42 

33.69 

34.98 

III Experiment—1979 

Oxygen 

4.5 

3.9 

4.1 

5.1 

5.2 
4.9 

Salinity 

32.12 

31.00 

33.89 

34.21 

33.64 

33.93 

The mean weight increments registered during 
the culture period of 158 days are shown in 
Fig. 1. During the fkst month the weight 
increment was 2.49 gpi at the rate of 0.083 gni/ 
day. In the following month, the prawn 
showed only 0.70 gm weight increase showing 
a daily weight increment of 0.002 gm. From 
the third month onwards till the end of experi
ment (95 days), the ptawm gained 8.20 gm 
in weight, at a rate of 0.086 gm/day. After 
158 days of culture the prawns were harvested 
(Plate IB). The average total tength of prawns 
was 121 mm and the average weight, 11.5 gm 
(plate I C), thus showing 98 mm growth in 
total length and 11.39 gm in weight in tibe course 
of the culture period. The overdl rate of 
growth in total length and by weight pei: da^, 
were 0.620 mm and 0.072 gm respectivfly.; 
The survival rate of prawns in the experimw 
was 44.05% (Table 2). TotaUy 10:42 k§ qt 
p. indicus was harvested indicating a prpductipn 

for culture of P. indicus in 1978 was utilised 
for the experiment. The water was completely 
pumped out and predatory and competitive 
fishes such is catfi^es, Therapon spp and 
Tilapia whidi entered the pcmd due to breaches 
of bunds in cyclone, were removed by operating 
nets and by handpicking. Due to continuous 
seepage of water into the pond from sea, it 
was n(^ possible to dry the pond completely 
even for a short duration. Agriculture lime 
was applied at the rate of 400 kg/ha to absorb 
^cess carbon dioxide and supply the calcium 
required by the prawns during their moulting 
pi^riods. After ^teen days the inorganic ferti
lisers, urea and superphosphate in the ratio of, 
4,; 1' were added to the water at the rate of 
l£|Oi, kg/ha. S ^ water was pumped into the 
ci^^ure pond and the water level was maintained 
at JO cm for two days and 50 cm for next three 
d;i,ys. A good amount of phytoplankton 
growth was noticed. The following plankton* 
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were present in the water: Rhizosolenia sp, 
Pleurosigma aestuarii, Thallassiosira subtilis, 
Navicula sp. and a few filaments of blue green 
algae. There was no oxygen depletion below 
2.78 ml/1 due to more production of phyto-
plankton and when more water was pumped in, 
the oxygen value raised to 6.7 ml/1 and the 
average pH value was 8.4. On the fifth day, 
the plankton produced settled at the bottom 

During the cdture period, the average monthly 
salinity range was 33.08 %g to 35.19%o and 
monthly average oxygen content varied bet
ween 4.5 ml/1 and 5.4 ml/1 (Table 1). 

During the first 78 days the prawns gained 
only 2.77 gms in weight thus Avowing only 
0.036 gm increase per day. In the following 
56 days, until the 134th day, the pravms 

— _ • t.tumtm wHt !••< ITraik (Mk t tIMHI 
H....4 r.lndteus wntwul any rood 

t *• ••mlsukchis wnh pttltIM f 

i» ib to «b lio m ih 
nimjoi «r cnniH i* un 

ii# i4» I'M it« i>»' 

Fig. 1. Increase in average weight of prawns cultured in coastal ponds at Mandapam Camp. 

of the pond. After seven days since the appli
cation of fertilisers, on 7-4-1979, P. indicus seeds 
with an average total length of 27.5 mm weigh
ing 0.15 gm were stocked at the rate of S/m .̂ 
Inorganic fertilisers were added once in fifteen 
days and the water level in the culture pond was 
maintained at 0.75 m. The prawns were not 
provided with any supplementary food. 

showed an average weight decrease of 
0.74 gm at the rate of 0.013 gm/day (Fig,l> 
During this period most of the prawns were 
observed to be rather lethargic with a soft 
body without the usual hardness Of the exo-
skelaton. The cephalothorax appeared -to; 
be much larger for the abdomen and shovswd 
distinct "disproportion when compared with*. 



TABLE 2. Details of growth, survival and production of prawns cultured in coastal ponds at Mandapam camp during 1978-79 
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normal specimens of the same size. In the 
last 24 days, the prawns showed an upward 
trend in weight increase gaining 0.30 gm in 
average weight indicating 0.011 gm weight 
increment per day. On the 158th day the 
prawns were harvested. The average length 
and weight of prawns were 75.1 mm and 2.52 gm 
respectively. The average growth increment 
per day was 0.301 mm in total length with a 
daily weight increase of 0.015 gm during culture 
period (Table 2). The survival rate of prawns 
was 37.24% and the production rate was 
47.78 kg/ha/5 months. 

Experiment III: The third experiment was 
aimed at assessing survival and growth of 
P. semisulcatus in coastal ponds by providing 
with artificial pelletised food. After removal 
of unwanted fishes, agriculture lime and ferti
lisers were applied as done in the second experi
ment. In the first week of April, 1979 juveniles 
of P. semisulcatus with an average length of 
32 mm and weighing 0.34 gm (Plate I, D) were 
stocked in the pond No. VI at a rate of 3 
seeds/m*. The prawns were fed on artificial 
pelletised feed compounded with fish meal 
(42%), tapioca powder (33 %), rice bran (10%), 
black gram husk powder (9%), starmin powder 
(5%) and powdered yeast and vitamins (1%). 
Tapioca powder was boiled with water and 
other ingredients were mixed with the paste to 
make a dough. The pelletising was done by 
squeezing the dough through an ordinary hand 
squeezer and the product was sun-dried for 
three days. The analytical results of the feed 
were : (1) moisture 5.04%, (2) total ash 23.24%, 
(3) acid insoluble ash 5.77%, (4) protein 
24.50%, (5) carbohydrate 22.50% and (6) fat 
2.95%. The pellets retained their shape for 
about 45 minutes in the water. The monthly 
salinity range and oxygen content of the pond 
water during the experiment were 31.00 %o 
to 33.93 %o and 3.9 ml/1 to 5.2 ml/1 respec
tively (Table 1). Feeding was carried out at 
dusk and the prawns were observed to ap
proach the periphery of the pond to pick the 

pellets immediately after the supply. The 
prawns were fed with the pelleted food at a rate 
of 20-25% of body weight of prawns. 

After 15 days, the prawns gained 1.824 gm 
by weight at a rate of 0.120 gm inprement per 
day. During the second fortnight the weight 
gain was 1,12 gm showing 0.075 gm weight 
gain per day. In the following 4$ days, the 
rate of weight increment came down to 0.020 gm 
per day and the average weight gain was only 
0.96 gm on 78th day. From then onwards, 
the prawns showed 0.078 gm weight inorement 
per day and gained 6.25 gm each within eighty 
days (Fig. 1). The experiment was carriwl out 
for 158 days and the praiwns were harvested 
during the third week of Septeinber {(Plate I E)« 
The average total length of prawn wias 108 mm 
and the average weight was 10.5 gm (Plate IF) , 
thus showing an overall growth increment of 
76.2 mm in total length and weight gain of 
10.16 gms. The average growth rate per day 
was 0.482 mm and the average weight increase 
was 0.064 gm per day. The survival rate was 
41,48% (Table 2). The harvested prawns 
weighed 5.25 kg which indicated a production 
of 135.47 kg/ha/5 months at the stocking rate 
of 30,000 seeds per hectare. 

Harvesting 

Drag net measuring 15 m in length and 2 m 
in height with a mesh size of 25 mm and weights 
added at regular intervals of 24 cm at the foot 
rope, was operated to harvest P. indicus. 
Only 50% of the prawns were caught by this 
method while the rest were found to bury them
selves at the bottom. Hence the entire pond 
water was pumped out and the remaining 
prawns were hand-picked and gathered. How
ever when the same net was operated to harvest 
P. semisulcatus 99% of the prawns were ob
tained, as they were found to cling to the 
meshes of the net during operation of the net. 
The entire water from the pond was pumped 
out to collect the remaining cultured stock of 
P. semisulcatus. 
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PLATE I. Stocked seeds and harvested prawns in the culture experiments at Mandapam Camp during 1978-79. A. A sample 
of seeds of P. indicus stocked in April, 1978 ; B. A sample ofP.iWictt^ harvested in September, 1978 ; C. Showing size range 
of P. indicus harvested ; D. A sample of the seeds of P. semisulcatus stocked in April, 1979 ; E. A sample of P. semisulcatus 
harvested in September, 1979 ; and F. Showing size range of P. ^e/K/™/ca?«j harvested. 
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Competitors and Predators 
Tilapia is now regarded as one of the 

pests in culture ponds since it is a prolific breeder 
and compete for space and food (PiUai, 
1973). Eventhough Tilapia and other fishes 
were completely removed from the pond before 
commencing stocking operations, yotmg ones 
of Tilapia in hundreds were noticed within ^ 
fd^ni^t in the culture ponds. Males djf 
'nidpiacaxe their young ones in their mouth. 
While catching the adults, they immediately 
release them from their nnouth. Attempts 
were made to eradicate this fish by operatmg 
gill nets and drag nets but without success. 
Tilapia posed a great problem as they were 
found to feed on the pelleted food provided 
for P. semisulcatus and on the plankton-which 
developed as a result of fertilisation of the pond 
water in the second experiment. Although 
Tilapia was observed to consume crustaceans 
under crowded condition in the absence of 
vegetable food (Rabanal and Hasillos, 1957), 
when the gut contents of Tilapia of different 
sizes caught in the culture ponds on different 
days were analysed, they were not found to 
feed on prawns. Gobiid fishes of size range 
10-25 mm were present in large nimibers in 
the ponds and were observed to feed on 
plankton, thus competing for food with prawns. 
On some occasions, eagles, crows and gulls 
were found to pick up the prawns when they 
come near the edges of the ponds during morn
ing and evening hours. Efforts were made to 
ward them off. 

DISCUSSION 

The growth rate of 0.620 mm per day in 
the first experiment for 158 days and 0.640 mm 
in the second experiment for the first 78 days 
for P. indicus indicates a faster rate of growth 
than those observations made by Hall (1962), 
Subramanyam (1968), George (1975) in the 
same species and compares well with the growth 
rate of P. monodon in prawn culture popds at 
Phillipines (Delmendo and Rabanal,' 1956) 

and of P. indicus observed in cage culture 
(Rajendran and Sampath, 1975) and in 
Narakkal demonstration fields (GMFRI, 
1978b). Sampath and Menon (1975) observed 
a growth rate of 0.99 iaim/day in P. indicus 
during 95 da:ys of cage culture with artificial 
feed. George (1961) recorded a faster daily 
gWwth rate of 1.39 mm in the brown shrimp 
Pi azetecus fiom the estuarine environment of 
liduTftiana (U.S.A.). 

P. semisulcatus fisd with pelleted feed showed 
0.482 mm growth mt» per day which compares 
favourably with those recorded by Hall (1962), 
Subramanyam (1968) and George (1975) for 
P. indicus and with the growth rate of 
P. monodok c\Atistt6. in Bait pan reservoirs at 
K^akiflada. TTie rate of growth in total length 
and by weight of P. semisulcatus in this experi
ment are less than those of P. indicus cultured 
in tiie first experiment (Table 2). 

The amount and quality of food required at 
various developmental stages are stated to 
have a direct tdationship with growth of 
p»rawns (Kunju, 1978). The decrease in total 
length and weight ^ter 78 days in P. indicus 
cultured in the %cond experiment without 
supplementary food may probably due to this 
factor, as environmental parameters Such as, 
temperature, oxygen and salinity did not show 
any marked variation (Table 1 and 2). Slower 
grovrth rate due to non-availability of proper 
food after sixty days in P, indicus has been 
reported by Sampath and Menon (1975). The 
average daily growth rate of P. indicus cultured 
without feed were only 0.301 mm in total 
length and 0.015 gm by weight which works 
out to be only 48.54% of the growth rate per 
clay and 20.83% in daily weight gain of the 
same species fed with trash fish and clam meat 
in the first experiment (Table 2). The survival 
rate is also higher in the first experiment than 
in the second experiment. These results con
firm the necessity of supplementary feeding in 
inawn culture which has been dealt with earlier 
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(Zein Eldin, 1963). Rajendran and Sampath 
(1975) noticed better survival and growth 
rates and Sampath and Menon (1975) found 
faster growth in P. indicus which were given 
artificial feed in cage culture experiments in 
Kovelong backwaters. The slow rate of growth 
of P. indicus in the first experiment during 
the second month and of P. semisulcatus 
between 31 and 78 days of culture period may 
possibly due to some physiological stress caused 
by the development of secondary sexual charac. 
ters as there was no lack of food, and the en
vironmental factors such as temperature, salinity 
and dissolved oxygen showed no significant 
differences. 

Kurata and Shigueno (1976) observed higher 
survival rate in P. japonicus if large fry of 

1.10—6.08 gm weight were stocked in the 
culture ponds. Mohanty (1974) recorded 
higher rate of survival in the experiment when 
advanced juveniles of P. indicus v/ere stocked 
and lower rate of survival where early juveniles 
were stocked in the brackish water ponds. 
From the above facts, it appears that the 
survival rate of 44.05% in the first experi
ment and 41.08% in the third experiment 
can be enhanced by stocking fry weighing 
above 1 gm. 

The present studies made in this experi
mental prawn culture in coastal ponds at 
Mandapam Camp indicate the possibility of 
developing intensive culture -operations for 
P. indicus and P. semisulcatus on a commercial 
basis in such localities. 
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ON THE REARING OF PENAEID PRAWN LARVAE IN THE 
MEDIUM TREATED WITH TETRACYCUNE AND ACKIFLAVIN 

S. kuLASBKARAPAfJDIAN 

Central Marine Fisheri&S Research Institute, Cochin'6S2 Oli, India 

ABSTRACT 

Experiments were conducted on rearing of larvae of Penaeus indicus and Metapenaeus dobsoni in 
the medium treated with tetracycline and acriflavin. Two sets of experiments were carried out with 
tetracycline. In one set, the medium was treated at concentrations varying from 1 ppm to S ppm, 
only in the first day of experiment while in the other set, the medium was treated daily. It was observed 
that hatching of eggs to nauplii and subsequent larval development to consequent stages, were not 
affected in4he experiments conducted with 1-3 ppm tetracycline treatment in the first day. However, 
the continuous treatment of the same and treatment with acriflavin were found to reduce the survival 
rate of larvae. It was also observed that the growth of the phytoplankton which form the food of 
developing larvae, was affected in the medium treated with acriflavin whereas tetracycline treat
ment did not inhibit the algal growth. The significance of the results obtained is discussed. 

INTRODUCTION 

MORTALITY of larvae due to disease is one of 
the hurdles to be overcome for success in culture 
operations. Very little is knoWn regarding the 
precautions to be taken for preventing the 
onset of infection in the course of culture. 
Infection and diseases are generally found 
to be associated with bacteria (Lightner and 
Lewis, 1975) and fungus (Ganaros, 1957; 
Lightner and Fontaine, 1973 ; Fisher et al.^ 
1975). The present study is carried out to 
understand the effect of the antibiotic tetra
cycline and the antifungal agent acriflavin, oa 
survival and growth of penaeid prawn larvae. 

MATERIALS AND METHODS 

Experiments Were carried out on larvae of 
Penaeus indicus and Metapenaeus dobsoni 
The concentrations of chemotherapeutic chemil 
cal tested, varied from 1 ppm to 5 ppm. 
Two sets of experiments Were carried out to 
examine the potential effect of the antibiotic. 
In one, the medium was treated only once 

on the first day of the experiment while ia the 
other set, the treatment Was continued daily. 
Initially 50O ml of treated medium Was taken 
in a 2-litre beaker to rear 50 numbers of experi
mental larvae. As a control, larvae Were 
reared in pure sea water. Continuous aeration 
Was provided during the experimental period 
and SO ml of Chaetoceros sp. (26,000 cells to 
56,000 cells/ml) was given as feed every day 
from the last nauplius stage onwards. In 
addition to the medium used for larval rearing, 
the sea water used for phytoplankton culture in 
open sunlight. Was also similarly treated. It 
was taken in 2-litre beakers and kept in open 
sunlight for 24 hours after treating with chemo
therapeutic chemical in different concentra
tions. No chemical treatment Was given for 
the control beaker. The cell concentration was 
measured with haemooytometer. The salinity 
rangedfrom3l.4%„ to 34.6%o. While the temper
ature varied from minimum value of 27.2°C 
to maxiraun of 29.3°C in the course of larval 
rearing experiments. However, the tempera
ture of the medium in the open-sunlight phyto
plankton culture reached upto a maximum of 
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37.2*C. Normal Deviate Test and Analysis of 
Variation by one way classification were applied 
for statistical analyses of the obtained results. 

RESULTS 

Three trials were carried out in each experi
ment using different broods of larvae. In one 
set of experiments, larval rearing was carried 
out from egg stage to postlarval stage in the 
medium treated with antibiotic tetracycline 
only once in the beginning of the experiment 
even though the experimental duration varied 
from 12 to 14 days. In the second set of experi
ments, the antibiotic treatment to the rearing 
medium was given daily during the course of 
experiment. 

In the experiment where tetracycline treat
ment to the medium Was given only onee, the 
average survival rate of P. indicus larvae 
from egg to postlarval stage was observed to be 
13.0% in 1 ppm concentration while it Was 
found to be 13.0%, 12.0%. U.0%. 11.0% and 
9.0% respectively in 2 ppm, 3 ppm, 4 ppm, 
5 ppm and control medium. Statistical analyses 
revealed that the survival rate of larvae in the 
medium, treated with the first three antibiotic 
concentrations, was significantly higher than 
that in the control medium. However, the 
difference was insignificant When the survival 
rate of control larvae was statistically 
compared with that of the larvae reared 
respectively in 4 ppm and 5 ppm (Table 1). 
Similarly M. dobsoni larvae completed larval 
development With an average survival rate of 
32.0%. 34.67%, 35.33%, 30.67% and 28.0% 
respectively in 1 ppm, 2 ppm, 3 ppm, 4 ppm 
and 5 ppm antibiotic media while 27. 33% of 
control larvae attained postlarval stage. Signi
ficantly more number of postlarvae were obtai
ned when reared in 2 ppm and 3 ppm concentra
tion than in the control medium. 

The hatching rate of P. indicus eggs to 
nauplii stage when treated with S ppm anti-

8 

biotic was significantly low. In the case of 
M. dobsoni eggs, significantly low hatching 
rates Ware observed in 4 ppm and 5 ppm 
(Table 1). 

In the experiment in which antibiotic treat
ment Was given daily during the course of 
experiment, hatching of P. indicus eggs to 
nauplii was similarly affected. Besides, the 
development and transformation to subse
quent stages Were observed to be prolonged. 
Only few of the surviving larvae reached upto 
mysis III stage When treated at the rate of 1 ppm 
per day, even after 16 experimental days. 

When the treatment was at the rate of 2 ppm 
per day. negligible number of larvae attained 
only mysis I stage in 9-10 days but thereafter 
all the remaimttg larvae died when treatment 
Was further continued. Similarly the larvae 
did not complete their development When daily 
treatment to the mediimi Was given at the 
rate of 3 ppm, 4 ppm, and 5 ppm respectively. 
However, the control larvae successfully meta
morphosed into postlarvae With a survival rate 
varying from 12% to 16 % in 14-15 days. More 
or less the same pattern of results Was 
obtained when the daily treatment was carried 
out in the medium used for rearing M, 
dobsoni larvae. Mortality of larvae of P. indicus 
and M. dobsoni Was observed When the accumu
lation of the chemotherapeutic chemical in 
the medium reached concentration varying 
from 17 to 25 ppm. 

Results of the treatment of the medium with 
antifungal agent, acriflavin. Were not encoura
ging. Hatching to nauplii was adversely affec
ted when acriflavin Was applied and the larvae 
did not develop after protozoea I stage in all 
concentrations att^npted eventhough acrifla
vin was applied only once in the commmce-
mftnt of the experiment. The larvae died 
generally after 4-6 days. 

When the media for phytoplankton culture -
Were treated with tetracycline the average 
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TABLE 1. statistical analysis of the results obtained when the rearing o/Penaeus indicus and 
Metapenaeus dobsoni larvae was carried out in the media treated only once in the commencement 

of the experiment, with tetracycline and acriflavin by applying Normal Deviate Test 

Nature of Analyses 
Treated Vs. 

control 
eggs 

subjected 
(No.) 

Treated Vs. 
control 

, nauplii 
obtained 

(No.) 

Treated Vs. 
control 

postlarvae 
obtained 

(No.) 

Z value 
for for 

hatch- survi-
ing val 

Result 
for for 

hatch- survi' 
ing val 

EFFECT OF TETRACYCLINE: 

In R. indicus larvae: 

1 ppm Vs Control 
2 ppm Vs Control 
3 ppm Vs Control 
4 ppm Vs Control 
5 ppm, Fi Control 

In M. dobsoni larvae ; 

1 ppm Vs Control 
2 ppm Vs Control 
3 ppm Vs Control 
4 ppm Ks Control 

' 5 ppm Vs Control 

100 Vs 100 91 Vs 93 
100 Ks 100 93 Ks93 
100 VslOO 91 Vs93 
100 Vs 100 91 Vs 93 
100 Vs 100 90 Vs 93 

150 Kr 150 140 K$ 141 
150 KJ 150 140 Ks 141 
150 Ks 150 141 Ksl41 
150 Vs 150 130 Vs 141 
150 Vs 150 138 Vs 141 

13 Vs 9 
13 Vs 9 
12 Ks 9 
11 Ks 9 
11 Vs 9 

48 Ks 41 
52 Ks 41 
53 Vs 41 
46 Vs 41 
42 Vs 41 

1.9230 

1.9230 
1.9230 
2.7279 

0.9767 
05767 

3.4024 
2.6542 

2.8986 
2.8986 
2.2577 
1.5748 
1.5748 

1.9456 
2.9645 
3.2147 
1.4034 
0.2893 

I 

I 
I 
S 

I 
' I 

. . 

s 
s 

s 
s 
s 
I 
I 

f 
s 
s 
1 
I 

BFKECT OF ACRIFLAVIN : 

In P. indicus larvae : 

1 ppm Vs Control 
2 ppm Vs Control 
3 ppm Vs Control 
4 ppm Ks Control 
5 ppm Vs Control 

In M. <fo6so«/larvae : 

1 ppm Vs Control 
2 ppm Ks Control 
3 ppm Vs Control 

- 4 ppm Vs Control 
5 ppm Vs Control 

150 Ks 150 122 Ks 130 
150 Ks 150 115 Ks 130 
150 Ks 150 123 Ks 130 
150 Vs 150 105 Vs 130 
150 Ks 150 121 Ks 130 

150 Ks 150 124 Ks 140 
150 Vs 150 130 Vs 140 
150 Ks ISO 119 Ks 140 
150 Ks 150 118 Ks 140 
150 Ks 150 124 Ks 140 

3.4326 
5.7803 
3.0523 
8.4848 
3.7939 

8.7234 
6.3931 

10.2489 
10.5165 
8.7234 

S .. 
S 
S 

s 
s 

s 
s .; 
s 
s 
s 

' S ' denotes significant difierence. 

' I ' denotes insignificant difierence. 
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growth of Chaetoceros sp. for 24 hours was 
found to be 39.33 x 10*, 40.4 x 10*, 38.93 x 10*, 
40.4x10* and 35.6x10* cells/ml respectively 
in 1 ppm, 2 ppm., 3 ppm., 4 ppm. and 5 ppm-
while in the control, it was found to be 38.0 x 
10* cells/ml which differs insignificantly from 
that of treated ones when analysed statistically-
In the medium treated with acriflavin, growth 
of Chaetoceros sp. was observed to be retarded 
and if at all growth was present, it Was found 
to be negligible while average growth was 
78.87 X 10* cells/ml in 24 hours in the control. 

DISCUSSION 

It is interesting to note that significant 
number of P. indicus and M. dobsoni larvae 
attained postlarval stage in the media, 
treated only once in the commencement of 
the experiment with the antibiotic tetracycline 
upto 3 ppm while continuous treatment 
resulted in adverse effect on development. 

In the case of P. indicus larvae, the 
treatment given only once in the beginning of 
the experiment, gives better survival rate When 
the dosage ranges from 1 ppm to 3 ppm. 
However, a dosage of 1 ppm does not signi
ficantly enhance the survival rate in M. 
dobsoni larvae but the treatment With 2 ppm 
and 3 ppm produces better survival rate. 
Hence, it may be inferred that the larvae 
of P. indicus may be more susceptible 
to diseases when compared to that of M. 
dobsoni as a result of Which 1 ppm treatment 
gives significant survival in larval rearing 
of P. indicus, but not of M. dobsoni. 

In both species, survival was poor in 4 ppm 
and 5 ppm which suggests that the higher con
centrations are not suitable. When acriflavin 
was applied for fungal treatment, the larval 
development did not proceed beyond proto-

zoea I stage in both P. indicus and M. 
dobsoHi. Further, treatment with acriflavin 
and 5 ppm tetracycline resulted in poor 
hatching of P. indicus and M. dobsoni eggs 
thereby giving a due that toxicity of chemo-
therapeutic chemical may be a factor resulting 
in inhibition of development. 

In this context, it is of interest to note the 
observation of Marshal] and Orr (1958) who 
found a correspcmding decrease in feeding of 
copepod Calanus finmarchicus with increasing 
strength of antibiotic Chloromycetin When 
treatment was given at the rate of 10 mg and 
25 mg to 50 mg/litre. The feeding of penaeid 
prawn larvae depends upon the concentration 
of phytoplankton in the rearing medium. 
Hence the information regarding the effect 
of chemotherapeutic chemical on phytofeed 
of prawn larvae may help in understanding 
the mechanisms by which toxicity results in 
inhibition of growth and low survival. In 
the present study, the growth of Chaetoceros 
sp. has been observed to be retarded when the 
medium for phytoplankton culture was treated 
with acriflavin. Hence, it may be safely 
concluded that toxicity of acriflavin on hat
ching and on larval phytofood organisms, may 
result in the observed larval mortality at 
protozoea I stage itself, which proves the 
lansuitability of acriflavin in penaeid prawn 
jarval rearing eventhough acriflavin Was found 
to be a suitable fungicide, to be used in the 
culture of juvenile lobster Homarus gammarus 
(Abrahams and Brown, 1977). 

In contrast to acriflavin, the antibiotic tetra
cycline did not affect the phytoplankton growth 
in all concentrations applied. From the present 
study it could be concluded that treating P. indi
cus and M. dobsoni larvae with a single treat
ment of tetracycline at a concentration of 1 
to 3 ppm and 2 to 3 ppm respectively Would 
not affect their survival rate. 
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OXYGEN CONSUMPTION, AMMONU EXCRETION AND RANDOM ACTIVITY 
IN PENAEUS SEMISULCATUS, MACROBRACHIUM MALCOLMSONII AND 

PARATELPHUSA HYDRODROMUS WITH REFERENCE TO AMBIENT OXYGEN 

A. LAXMINARAYANA AND M . N . KUTTY* 

Central Marine Fisheries Research Institute, Cochin 682018, India 

ABSTRACT 

Oxygen consumption, ammonia excretion and random activity in relation to ambient oxygen 
have bsen investigated in a marine prawn, Penaeus semisulcatus, a freshwater pravm, Macrobrachium 
malcolmsonii and a freshwater crab, Paratelphusa hyiirodromus. At normoxia, P. semisulcatus main
tained an ammonia quotient (A.Q.=volume or mole; mole relation of anunonia excreted to oxygen 
consumed) of about 0.06, M. malcoimsonii maintained an A.Q. of about 0.08 and P. hydrodromus an 
A.Q. of about 0.2S. Under hypoxic conditions all these three crustaceans showed high ammonia 
quotients. The 2 to 5 fold increase in A.Q. values in hypoxic conditions indicates increased protein 
degradation and may be of value in combating acid base balance as in the case of fishes. The random 
activity increased in hypoxic conditions in the case of i*. semisulcatus and M. molcolmsonii whereas 
in the case of Jf. hydrodromus the activity decreased in hypoxic conditions indicating a dichotomy in 
behaviour which appears to have ecological significance. The metabolic rate decreased in hypoxic 
conditions in all the three species. 

INTRODUCTION 

lOTLpBNCE of environment on the energy meta
bolism of poikilotherms has been reviewed by 
Fry (1971), Wolvekamp and Waterman (1960). 
Kinne (1970-72) and Vemberg and Vemberg 
(1972). Oxygen consumption of crustacsans 
has been studied by several Workers (Lofts. 
1956 ; Subrahmanyam, 1957,1962 ; Rao. 1958 
Rajabai, 1961, 1963 ; King, 1965 ; Kutty 1969 
Kutty et al. 191 \ ; Reeve 1969; Ramamurthi 
ai\d Sainath Janak, 1973), but there are fewer 
studies combining oxygen consumption and 
nitrogen excretion (Reeve, 1969). In most of 
these cases spontaneous random activity as a 
factor has not been investigated. Comparison 
of routine metabolism can be valid only When 
a measure of activity is available as otherwise 
energy requirements can be widely diflferent 
even in the resting animals at different levels of 

* Fisheries College, Tamil Nadu 
University, Tuticorin-682 003, India, 

Agricultural 

random activity (Spoor, 1946; Fry, 1947; 
Beamish and Mookerji, 1964; Kutty. 1968). 

In the present study simultaneous measure
ments of oxygen consumption, ammonia excre
tion and random activity of a marine prawn, 
Penaeus semisulcatus. a freshwater praWn, 
Macrobrachium malcolmsonii and a fresh Water 
(srab, Paratelphusa hydrodromus exposed to 
various concentrations of ambient oxygen 
below air saturation have been investigated. 
Bisides providing basic information on the 
influence of ambient oxygen on metabolism 
imd activity of crustaceans this study gives 
supplementary information of value in the 
aquaculture of the two commercially impor-
l;ant prawns. 

MATERIALS AND METHODS 

P. semisulcatus Were collected from Palk 
Bay off Mandapam. They were kept in full 
i»8 water (salinity 33%,) in a rectangular tank 
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fitted with a biological filter through which 
water was recirculated. M. malcolmsonii 
Were collected from the river Cauvery off 
Tiruchirapally. They Were also kept in fresh 
water in a rectangular tank fitted with a 
biological ammonia filter. Oxygen concentra
tion of the Water present iii these tanks was 
always kept near air-saturation. The water 
in these tanks Was partially changed once in a 
week. The prawns were fed ad lib with earth
worms. The uneaten food and faeces Were 
removed everyday by siphoning. 

Field crabs p. hydrodromus Were collected 
from paddy fields around Madurai and were 
maintained in freshwater. They Were also 
fed ad lib with earthworms. 

P. semisulcatus used for the experiments were 
of 13.9 ±2.07 g. in weight (n =; 3) and 128 + 
4.62 mm in total length. M. malcolmsonii 
used for the study Were of 31.94 ±0.48 g. in 
Weight (n=5) and 194.4 ±0.18 mm in total 
length. P. hydrodromus used for experiment 
Were of 36.6 ±0.18 g. in Weight (n=53) 
and 50.00±0.58 mm in carapace width. The 
water temperature in the acclimation tanks 
was 2 9 + r C and the animals were tested in 
the same temperature. All the three crusta
ceans Were acclimated at least for two weeks 
before experiment and tested under accUma-
tion conditions. The animals were starved 
for 24 hours (Fromm, 1963 ; Beamish, 1964) 
before experiment. 

Apparatus 

The apparatus used for the present study has 
been described by Kutty et al. (1971). Mainly 
it consisted of two units, an electronic counter 
and a transparent plastic perspex respiro
meter. 

Experimental procedure 

These experiments were done using modified 
Fry's respirometer. The duration of an experi

ment lasted for 60 minutes except the last one 
in which the ambient oxygen Was allowed to 
reduce until the animal was aspyxiated (loss 
of equiUbrium). 

The focus lights beamed at the photocells 
Were switched on at least 30 minutes before 
starting a day's experiment. At the start of 
the experiment, initial samples Were collected 
and the circulation of water through the 
respirometer was cut off. After an interval of 
60 minutes, final samples were collected. In 
each sampling time (initial and final of each 
run), two separate Water samples were collec
ted for analysis of dissolved oxygen and ammo
nia. The size of each sample was 30 tol for 
oxygen and 15 ml for ammonia (25 ml collected 
first for rinsing was discarded). Care was 
taken during sampling to compensate the 
sampling water by allowing water to flow into 
the respirometer. The figure in the activity 
counter Was recorded immediately after samp
ling (initial and final sampling of all the runs). 

After sampling the final samples of Run I, 
the respirometer was not opened to the circu
lating water but approximately 70 nil of the 
crustacean medium was circulated Once or twice 
through the respirometer for mixing it With 
the * respired' water remaining imfiushed in 
the respirometer. Then the initial samples of 
next run (as described above) were collected. 
The overall time for sampling and adding water 
was about 2 minutes. To avoid using the 
correction factor for the initial oxygen con
centration of second and the successive runs, 
the above mentioned procedure was followed 
by taking initial samples. During the last run, 
the final samples were collected only after the 
animal reached the asphyxial oxygen level, as 
indicated by the beginning of the equilibrium 
loss of the animal. Then the respirometer was 
flushed with the air-saturated water to revive 
the animal. The concentrations of oxygen and 
ammoftia were determined in the samples 
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acquired at the beginning and at the end of 
each closure period. The activity was coimted 
by the difference between the initial and final 
figure of the activity counter, which was noted 
immediately after each sampling. 

Methods of Water Analysis : 

(i) Dissolved oxygen: The unmodified Winkler 
method was followed (American Public Health 
Association, 1965). The size of the sample 
used for titration was 25 ml. 

species tested, l i e decrease in the rate of 
oxygen consumption was most significant in 
P. semisulcatus and less significant in P. hydro-
dromus. The rate of ammonia excretion increa
sed with decrease in ambient oxygen in all 
the three species. The random activity increa
sed in P. semisulcatus and M. malcolmsonii 
with decrease in ambient oxygen but in the 
case of P. hydrodromus the random activity 
decreased with decrease in ambient oxygen 
concentration. 

(ii) Ammonia : Ammonia concentration in 
the water samples was estimated by an improved 
Phenol hypochlorite method (Harwood, 1970). 
The size of the sample used for estimation was 
10 ml. and the ammonia contents in the water 
samples were determined colorimetrically using 
Spectronic 20 at a wavelength of 630 ml. 

RESULTS 

The results of the experiments on oxygen 
consumption, NHs excretion, A.Q. and random, 
activity in P. semisulcatus, M. malcolmsonii 
and P. hydrodromus subjected to a hypoxic 
phase imtil the animals Were asphyxiated in a 
closed respirometer are represented graphically 
in Fig 1. The ambient oxygen concentrations 
were categorised into three levels (high, medium 
and low) (Table 1). In high ambient oxygen 
concentration P. semisulcatus showed the 
highest rate of oxygen consumption followed 
by M. malcolmsonii and P. hydrodromus. 
P. semisulcatus showed the highest rate of 
ammonia excretion in high ambient oxygen 
concentration followed by P. hydrodromus 
and M. malcolmsonii. In high ambient oxygen 
concentration P. hydrodromus showed thel 
highest random activity and P. semisulcatus 
the least. 

The trends in oxygen consumption decreased 
With decrease in ambient oxygen in all the three 
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Fig. 1. Oxygen consumption, NHa excretion, A.Q. 

and random activity in relation to ambient oxygen in 

P. semisulcatus, M. malcolmsonii and P. hydrodromus 

acclimated to and tested at 29 i l''C. Each value plotted 

is a mean of (± S.E.) 5 determinations in the case of 

M. malcolmsonii and 3 determinations each in tke 

case of p. semisulcatus and P- hydrodromus. 



TABLE 1. Oxygen consumption, NHz excretion, A. Q. and random activity in P. semisvilcatus, M. malcdln^onil and 
P. hydrodromous at 29± 1°C 

Species 

> 

P. semisulcatus 

Aft malcolmsonii 

P. hydrodromus-. 

Ambient 
(O2 mg/1) 

High 
(4.55—4.63) 
(4.60± 0.04) 

Meditun 
(2.01—3.49) 
(2.7± 0.20) 

Low 
(1.62—1.81) 
(1.70±0.04) 

High 
(6.05—6.24) 
(6.10+ 0.03) 

Medium 
(2.53—4.79) 
(3.60±0.23) 

Low 
(1.39—1.86) 
(1.70+ 0.06) 

High 
(5.02—5.80) 
(5.60± 0.19) 

Medium 
(2.78—4.30) 
(3.80+ 0.21) 

Low 
(1.52-2.48) 
(1.90+0.12) 

Random 
activity 

(counts/hr) 

5+ 0.58 

16.3± 1.62 

27.3 ±0.88 

8.8 ± 0.92 

18.3+1.50 

33.1+0.78 

13.0± 0.41 

7.20± 0.80 

1.4+0.38 

Rate of O2 
consumption 

(ml/kg/hr.) 

232.3± 1.62 

125.4± 16.13 

46.1±1.64 

99.5 ± 0.42 

73.1 ±3.86 

36.3± 3.56 

48.7± 3.44 

41.3 ± 1.55 

30.2± 1.01 

RateofNHs 
excretion 
(ml/kg/hr.) 

13.9±0.11 

14.5± 0.53 

14.2± 0.30 

7.8± 0.18 

8.4+ 0.15 

8.8± 0.15 

12.3± 0.81 

12.6± 0.40 

13.5±0.3S 

A.Q. 

0.06± 0.0001 

0.13± 0.017 

0.31+0.100 

0.08 ±0.001 

0.12+ 0.001 

0.27+ 0.025 

0.25± 0.013 

0.31 ±0.016 

0.46± 0.024 

Remarks 

Acclimated to and 
tested in full sea-

water (33%.,) 

" 

3> 

Acclimated to and 
tested in fresh

water. 

9> 

Acclimated to and 
tested in fresh

water. 

», 

,» 

> 

> 

> 

> 

0 

c 
H 
H 
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DISCUSSION 

The present study shows that in the case of 
crustaceans as well, the relative ammonia 
excretion, as evident from the A.Q. is increa-i 
sing under hypoxic conditions, in agreement 
with earlier observation on fishes, Tilapia 
mossambica (Kutty, 1972) Rhimmugil corsuUt 
(Kutty and Peer Mohamed, 1975) and in 
gold fish and Barbus sarana (Peer Mobanaed, 
1974). Thus it appears that under anaerobic 
conditions induced by hypoxia there is increase 
in protein degradation and N-excretion in 
crustaceans as was suggested earlier (Kutty, 
1972). It Would appear that the ammonia 
produced may be of value in combating acido
sis caused due to hypoxia and also perhaps in 

Na+ conservation. In the two prawns tested 
there was clear increase in random activity 
under hypoxia but for the crab a decrease in 
activity was observed. This again suggests, 
as observed earlier in the case of teleosts 
Chanos chanos (Ajneer Hamsa and Kutty, 
1972) and T. mossambica (Peer Mohamed. 
1974) that there is a dichotomy in behavioural 
evolution as evident from the two distinct 
paths in random-activity-ambient oxygen rela
tion. Both kinds of behaviour can expected 
to be of value to the species concerned for 
survival, for increase in activity might allow 
the animal to escape from a hypoxic environ
ment and decrease in activity might help the 
animal in conserving the limited source of 
oxygen available. 
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ABSTRACT 

Economics of a traditional prawn culture farm situated on the northeirn bank of Badagani River 
near Haldipur in the North Kanara District, Kaniataka, India is studied. The farm extends over 0.78 
hectare and has a single wooden sluice gate. Culture of Penaeus indicus, P. monodon, Metapenaeus 
monoceros and M. dobsoni was initiated in Januaî f and continued up to May 1979. The traditional 
practice of trapping and holding was followed in stocking the farm. In all, 375 kg of prawns valued at 
Rs. 10,470.00 !were harvested of which. 52% comprised P. indicm and P. monodon. A profit of 
Rs. 7,770.00 was earned by the entrepreneur after meeting expenditure on the farm. An overall review 
of the economics of prawn culture in the area is given. 

INTRODUCTION 

THE ROLB of coastal aquaculture in integrated 
rural development has been recognised and 
development of rural communities dependant 
on aquaculture as main economic activity has 
received active Consideration in the recent 
past. 

The present study is a beginning in the direc
tion of meeting the long-felt need of fish farmers 
of the area to have vital information on the 
economics of traditional culture practices. 
Though the study is confined to a small farm 
and limited to the first half of 1979, all the 
same, the information presented on vital statis
tics of inputs and i returns if supplemented by 
additional data from other farms of the area 
will be of prime importance in planning 
development schemes on the aquaculture front 
in future. 

Location 
The farm (Lat. 14°22'N; Long. 74°25'E) is 

situated near Haldipur adjoining the National 
Highway No. 17 on the northern bank of 
Badagani River (Fig. 1). The Badagani River 
is a tributary of Sharavati River. It*originates 

at Chandaver, skirts Haldijmr and meets 
Sharavati at Honaver near its confluence with 
the Arabian Sea. The Badagani River is the 
source of brackish water for the culture farm. 

Description 

The farm of area 0.78 hectare has clay bunds 
of 3 m height and 2.5 m width. The bottom 
of the farm is an admixture of clay and sand, 
the former predominating. In December 1978, 
the farm was laid and kept ready by the entre
preneur for traditional pr^wn culture, i.e., 
trapping-cum-holding. Fertilization of the 
pond was not done. The water level in the 
pond was maintained at 0.6-0.9 m throughout 
the period of culture. 

The water supirfy to the farm from the 
Badagani Rivw was maintainied through a 
diversion—the feeder channel. The intake 
of brackish water was controlled through a 
sluice fixed on the western side of the farm. 
The rectangular wooden sluice box of size 
1.2 X 1.0 m had sliding shutters placed in 
l^ooves for re la t ing the intake and outflow 
otf" water. The sluice box was removed from 
the farm after the harvest in May. 
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STOCKING AND HARVESTING 

Stocking 
In January 1979, brackish water (with prawn 

seed) was let in the farm for 14 days, particularly 
3 days before and 3 days after full and new moon. 

nylon screen was fixed at the sluice gate to 
prevent the escape of juvenile prawns and seed 
from the farm at neap tides. The seed were 
allowed to grow in the farm for over a month. 
Artificial feeding was not resorted to. 

7/<-* 

K-

w:7 

Fig. 1. Location of prawn culture farm 

A petromax lamp was kept near the sluice gate 
to aittract more prawn seed into the farm. The 
stocking was thus done by trapping the juvenile 
prawns which were allowed to enter the farm 
at high tide. In addition to the shutters, a 

A collection of seed made in January from 
the feeding channel comprised Penaeus indicus 
of size 7-26 mm, P. monodon of size 10-30 mm. 
Metapenaeus monoceros of size 12-30 mm, and 
M. dobsoni of size 12-27 mm. 
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Harvesting 

The harvesting operations were started from 
23rd February. Like stocking, harv^ting was 
also done for 7 days every fortnight. 

Gear and mode of operation 

A conical bag net of length 10 m and dia
meter 2 m at the mouth, and fabricated from 
nylon monofilament was used for harvesting. 
The mesh varied from 0.8 cm at the cod'end 
to 2.5 cm at the mouth of the net. 

Catch 

The particulars of prawns harvested during 
the first half of 1979 are given in Table 1. As 
seen from the table, of the total yield of 375 kg 
of prawns harvested during the entire period, 
P. indicus aggregated as much as 150 kg. This 
was followed by M. monoceros (120 kg), 
M. dobsoni (60 kg) and P. monodon (45 kgX 
Quality prawns, viz., P. indicus and P. monodon 
together constituted 52% of the total catch. 
The catches of P. indicus were better 

TABLE 1. Prawn harvest from the culture farm situated near Haldipurfrom FAruary to May 1979 

February 

March 

April 

May 

Total 

P. indicus 

15 

35 

55 

45 

150 

P. monodon 

— 

15 

16 

14 

45 

P r a w n s 
M. 

(kg) 
monoceros 

35 

26 

33 

26 

120 

M. dobsoni 

15 

15 

10 

20 

60 

Total 

65 

91 

114 

105 

375 

As soon as the tide starts ebbing, the mouth 
of the bag net is fixed to the sluice gate, and 
the nylon screen and shutters are removed. 
The water gushes out from the farm through 
the sluice and thus gets filtered. Prawns 
escaping through the sluice gate get caught in 
the cod end of the net. The operation is con
tinued for about 3 hours at a stretch and the 
catch accumulating in the cod end is taken out. 
Harvesting is generally done during night. 
As in stocking operations, in harvesting too, 
petromax lamps are used to attract prawns 
towards the sluice. 

Hand picking 
This practice is followed to collect prawns 

from the farm bed when the entire farm is 
almost completely drained at the end of the 
season. • 

in April and May (55 kg and 45 kg res
pectively) ; the yield of P. monodon showed 
only marginal variations between months. 
The catches of M. monoceros were better in 
February and April (35 kg and 33 kg respec
tively). ^The yield of M. dobsoni was maximum 
in May (20 kg). 

As is only to be expected because of the 
growth factor involved, the catches were on the 
increase with the advancement of the period of 
culture. The highest yield aggregating 114 kg 
was registered in April. 

The range in size of different species of 
pravms harvested during the culture period 
were 75-145 mm for P. indicus, 70-135 mm for 
P. monodon, 57-70 mm for M. monoceros and 
3d-49 mm for M. dobsoni. 
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ECONOMICS OF PRAWN CULTURE 

TTie economics of prawn culture can be 
studied from four angles, namely, capital 
investment; recurring expenditure; sale 
proceeds from harvest; and profit/loss. 

The economics of prâ wn culture is presented 
in Table 2. Capital investment on the farm 
involving construction of bunds and levelling, 

amounted to Rs. 2,700. The prevailing market 
rates for different species of medium-sized 
prawns were Rs. 60/l;:g for P. monodon, Rs. 45/kg 
for P. indicus, Rs. 6/kg for M. monoceros and 
Rs. 5/kg for M. dobsoni. The sale proceeds 
of 375 kg of prawns aggregated Rs. 10,470. 
If recurring expenditure on the farm is deducted 
from the sale proceeds, a gross profit of 
Rs. 7,770 was earned by the entrepreneur. 

TABLE 2. Economics of prawn culture 

A. Capital Investment 

1. Construction of bunds and levelling 
2. Construction of sluice gate 
3. Fabrication of bag net and nylon screen 

Total 

Rs. 

2,000.00 
400.00 
300.00 

2,700.00 

B. Recurring Expenditure 

1. Strengthening of bunds 
2. Depreciation on sluice gate 
3. Depreciation on bag net and nylon screen 
4. Labour charges for harvesting the crop and watch and ward 
5. Miscellaneous contingencies, viz., ice, marketing, etc. 

Total 

1,200.00 
100.00 
50.00 

1,050.00 
300.00 

2,700.00 

C. Financial Returns 

Sale proceeds of 375 kg of prawns 
Less recurring expenditure 

Proflti 

10,470.00 
2,700.00 

7,770.00 

' Exclusive of rental of farm area and interest on capital investment and recurring expenditure. 

and fabrication of sluice gate, bag net and 
nylon screen was of the order of Rs. 2,700. 
Of this, a major part aggregating Rs. 2,000 
was spent on construction of bunds and level
ling the farm. The recurring expenditure to
wards strengthening of bunds, depreciation 
on sluice gate, bag net and nylon screen, labour 
charges for harvesting the crop and watch and 
ward, and miscellaneous contingencies 

The present study, covering as it does, the 
economics of prawn culture in a small area 
with proprietory rights gives a somewhat 
enhanced picture of the profitability of a culture 
scheme. The profit would have been much less, 
had the land been taken on rental and institu
tional finance raised by the culturist. If the rental 
of the farm and interest at 15 % on the capital 
investment and recurring expenditure ai* nm 
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down on the gross profit, a profit of Rs. 4,960 1980). The possibility of traditional culture 
vfovid reach the hands of the entrepreneur, practices giving small returns in future years 
After further allowing recoupment of capital cannot be ruled out unless modem technological 
investment, the net profit on the operations innovations^are incorporated into the system. 
would be Rs. 2,260 which is a return of 80% 
on the capital and is quite attractive. The CONCLUSION 
particulars of location, financial returns, etc., 
of two prawn culture farms of North Kasiara ITie vast * gazani' at«as of North Kanara, 
District are given in Table 3. have been under traditional prawn culture for 

TABLE 3. Particulars of location, season, area, returns andprofitlhq of two 
prawn culture farms in the North Kanara District 

Location 

Keppekurve (Kumta) 

Asnotl (Karwar) 

Season 
(October-May) 

1965-66 

1966-67 

1967-68 

1976-77 

1977-78 

1978-79 

Area 
(ha) 

12.14 

81.00 

Returns 
(Rs.) 

76,130 

24,498 

72,406 

539,500 

374,250 

372,750 

Profit 
(Rs.) 

73,230 

21,297 

69,006 

346;650 

230,975 

229,925 

Profit 
(Rs./ha) 

6,032 

1,734 

5,684 

6,660 

2,852 

2,839 

In the present study, prawn production per 
hectare worked out to 480 kg. A comparison 
of yield of prawns from such operations from 
other parts of the country reveals that better 
results have been obtained elsewhere. The 
yield of prawns from the low-lying, ' bheries' 
of West Bengal ranged between 158 kg/ha and 
672 kg/ha (Verghese, 1980). Menon (1954) 
has arrived at an average annual yield of 
1079 kg/ha and George et al. (1968) have given 
a return of 514 kg/ha in Kerala. A tradi
tionally operated field at Vypeen Island in 
Kerala yielded 637 kg/ha (Gopalan et al., 1980). 
In general, production from traditional culture 
farms in Kerala has shown a decreasing trend 
through the last few years (Gopalan, ef al. 

the past few decades. In general, the tradi
tional practice of trapping-cum-holding has 
the severe limitation of low production, poor 
quality and growth, uneconomic varieties, and 
above all, the menace of predators. With the 
support of managerial skills, institutional 
finance, improvements in quantum and quality 
of inputs, and selective stocking of fast growing 
species such as P. indicus and P. monodon either 
separately or together or in combination with 
compatible fishes instead of following the 
traditional practice in these areas, the small-
scale culturist can look forward to a bright 
future. But saddled as he is with the limita
tion of small holding yielding small returns, it 
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is imperative that large co-operatives be 
drganis^ by involvement of fish farmers with 
i ^ experience of traditional farming so that 

better returns can be had from extensive farms. 
This will give a further boost to the export-
oriented prawn farming industry. 
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ABSTRACT 

Experiments on mixed culture of postlarvae and fry of Penaeus indicus H. M. Edwards, 
P. monodon Fab., Metapenaeus monoceros Fab., M. brevicomis (H. M. Edwards) and Palaemon 
styliferus H. M. Edwards were conducted in a pond of 0.02 ha in the year 1978. Four short-term crops 
of 80 days each, without any supplementary feeding were harvested from the pond. Stocking was done 
@ 2 lakh/ha with varying species ratios. Pond was treated with poultry manure (1000 kg/ha/yr) and 
urea + superphosphate (250 kg/ha/yr each) during the course of the experiments. 

While conducting the experiments, salinity of the ambient water was observed to have definite 
influence on growth, survivM and production of prawns. Best growth of prawns, attaining the size of 
97.3/7.0 and lOO.O mm/8.0 g for P. Indlcus, 172.2/50.0 and 110.0 mm/15.0 g for P. monodon, 100.0/7.0 and 
900 mm/6.0 g for M. monoceros, 86.2/5.0 and 80.0 mm/4.0 g for M. brevicomis and 68.3/2.5 and 90.0 
mm/3.0 g for/>. styliferus mth the survival of 57.2 and 55.0,5.0 and 13.4,34.2 and 17.0,20.0 and 11.2 
and, 72.5 and 33.4% for the above species respectively and the productions of 475.0 kg/ha and 310 kg/ 
ha were obtained in first and second culture experiments respectively, covering the periods of January-

, ^aitch and April-June having the higher average salinity of 11.99 and 16.77 ppt> respectively. On the 
contrary, complete mortality of P. Indicus and poor growth and survival for other prawns i.e. 70.0/3.8 
and 13.2,51.9/2.0 and 20.0,53.0/2.0. and 5.0 and, 57.7 mm/2.2 g and 22.6 % for P. monodon, M. mono-
ceros, M. brevtcornls and P. styliferus respectively with very low production Of only 50.0 kg/ha were 
obtained in the third crop covering the psriod of July-September when the salinity abruptly ̂ ent down 
from 16.77 ppt. to 5.08 ppt in average due to heavy rains. In the fourth experiment, although complete 
mortality for P. Indicus was observed, improved growth for other prawns, attaining the size of 123.0/ 
17.2,85.9/5.5,80.5/4.5and60.0mm/2.5 gfori». monodon,M. monoceros,M.brevicomisoaAP. styliferus 
with the survival of 25.0,32.6, 52.5 and 56.9 % respectively and increased production of 350 kg/ha was 
obtained in the culture period of October-December when salinity was observed to gradually drop 
and ultimately stood stable at 4.08 ppt in average. 

The present experiments, thus, point to the fact that sudden dropping of salinity is harmful for 
prawns cultured in ponds. On the contrary, constant high/low or gradually increasing/decreasing 
salinity may not affect much the prawns excepting/*, indicus which definitely likes higher salinity, pre
ferably above 10.0 ppt. 

The average dissolved oxygen and temperature of the ambient water were seemingly favourable 
being 9.2 and 27.4, 9.8 and 33.8,8.0 and 32.1 and J.3 ppm and 27.9°C for first, second, third and fourth 
culture experiments respectively. 

However, the total production of 1185.0 kg/ha from 4 crops in a year from such mixed prawn 
farming is considered encouraging and highest so far reported from deltaic Sunderbans region of West 
Bengal. 

9 
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INTRODUCTION 

PRAWN farming has raised much interest all 
over the world especially in view of demand of 
brackishwater prawns in international market. 
The culture practices in Malaysia and 
Singapore involve several penaeid prawns 
(Tham, 1955; Hall, 1962). Prawn catching 
from brackishwater ponds in Formosa 
(Kestevan and Job, 1957) and ' Sugpo ' culture 
in Philippines (Villadolid and Villaluz, 1951 ; 
Delmendo and Rabanal, 1955 ; Borja and 
Rasalan, 1968 and Rabanal, 1977) have also 
been reported. 

Culture of prawns in ponds in countries 
like Japan, Taiwan and Philippines has also 
attracted the attention of fishery workers. In 
India, Menon (1954); Evangeline (1969); and 
recently Ghosh, ef al. (1972) ; Nair, et al. (1975) 
and Suseel^n (1976) have reported about certain 
experiments carried out on prawn farming. 
However, a wide gap exists in the knowledge 
of culturing prawns on scientific lines in vast 
areas of lower Sunderbans. Recently, Das and 
Oiakrabarti (1979) pointed out the possibility 
of short-term culture of prawns involving 
penaeids, metapenaeids and palaemonids in 
brackishwater ponds at Sunderbans with fairly 
good production. 

The pr^ent experiments were taken up to 
further increase the production through scienti
fic management practices of short-term mixed 
prawn farming involving the species—PenaeMs 
indicus H. M. Edwards, P. monodon Fabricius, 
Metapenaeus monoceros Fabricius, M. brevi-
cornis (H. M. Edwards) and Palaemon styliferus 
H. Milne Edwards, in brackishwater pond of 
Kakdwip Research Centre, Central Inland 
Fisheries Research Institute, Kakdwip. 

Authors are grateful to Dr. V. G. Jhingran, 
Ex-Director, and Dr. A. V. Natarajan, the 
Director of C.l.F.R.I. for their keen interest 
in the work. Thanks are also due to S/Shri D. 
Sanfui and B. B. Das of K.R.C. for their un

failing co-operation during the course of the 
work. 

MATERIALS AND METHODS 

Mixed seed of prawn and fish were collected 
from the local Muriganga river of Hooghly 
estuary through Midnapore type of shooting 
net and ordinary spawn collecting drag net 
(mesh about 2 mm); segregated and healthy 
prawn seed were acclimatised to the pond 
condition for 1-2 hrs. and released in the pre
pared pond. 

The technique of preparation of pond 
includes drying, exposing the pond bottom to 
sun and fertilizing the pond with urea + super
phosphate, each 250 kg/ha/annum and poultry 
manure, 1000 kg/ha/yr in monthly instalments. 

The water management technique followed 
was more or less in the same line described by 
Das and Chakrabarti (1979). In addition to 
these measures, marginal and submerged 
grasses were allowed to grow, cut leaves of date-
palm, coconut etc. were spread in the culture 
pond. These leaves were observed to develop 
periphyton on them and thus serve as grazing 
as well as resting place for the moulting and 
developing prawns. 

Experiments were conducted in a pond of 
0.02 ha in 1978. Prawns were stocked @ 2 
lakh/ha in each of the short-term croppings 
with varying species ratios. Growth and 
survival of prawns were finally recorded after 
complete dewatering the culture pond at the 
end of each experiment. Physico-chemical 
conditions of the pond water were recorded 
fortnightly. 

RESULTS AND DISCUSSIONS 

Prawas were reared for 80 days in each 
culture experiment. Four crops could be 
harvested from the same pond in one year. 
The detEfils of the experimental results are pre
sented in Table 1. 



TABLE 1. Results of the mixed prawn culture experiments in relation to the observed physico-chemical conditions of the pond water 

Culture Species No. Av. size at Av. size at Produc- Total Av. Av. Av. Av. Av. 
period stocked stocking harvest Survival ticm produc- water Temp- salinity D.O. pH. 

(months) (mm/g) (mm/g) (%) crop tion depth erature (ppt) (ppm) 
(kg/ha) (kg/ha) (cm) (X) 

P.indicus 1000 24.0/0.250 97.3/7.0 57.2 
January P. monodon 200 90.0/5.0 175.2/50.0 5.0 

to P.styliferus 2000 26.0/0.250 68.3/2.5 72.5 
March M.monoceros 500 12.0/0.150 100.0/7.0 34.2 

M.brevicomis 300 20.0/0.200 86.2/5.0 20.0 

475.0 47.0 27-4 11.99 9-2 8.4 m 
O 

> 

April 
to 

June 

P. indicus 
P. monodon 
P. styliferus 
M. monoceros 
M. brevieomis 

500 
500 

2000 
500 
500 

20.0/0.200 
20.0/0.200 
23.0/0.200 
9.0/0.050 

16.0/0.150 

100.0/8.0 
110.0/15.0 
70.0/3.0 
90.0/6.0 
80.0/4.5 

55.0 
13.4 
33.4 
17.0 
11.2 

1185.0 
310.0 54.0 33.8 16.27 9.8 8.9 

o 

> 
a 

p.indicus 1000 20.0/0.200 — — 
July P. monodon 500 10.0/0.020 70.0/3.8 13.2 

to P.styliferus 500 20.0/0.200 57.7/2.2 22.6 
September M.monoceros 1000 22.0/0.200 51.9/2.0 20.0 

M. brevicorrds 1000 16.0/0.150 53.0/2.0 5.0 

50.0 68.3 32.1 5.08 8.0 8.8 

• P. indicus 500 
October P. monodon 200 

to P- styliferus 800 
December M. monoceros 500 

M. brevieomis 2000 

20.0/0.200 — — 
97.0/6.0 123.0/17.2 25.0 
25.0/0.300 60.0/Z5 56.9 
15.0/0.150 85.9/5.5 32.6 
20.0/0.200 80.5/4.5 52.5 

350.0 57.8 27.9 4.08 8.3 8.6 
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During the course of the experiments, the 
salinity of the ambient water was observed to 
have definite influence on growth, survival and 
ultimate production of prawns. Best growth 
of prawns, attaining the size of 97.3/7.0 and 
100.0 mm/8.0 g for P. indicus, 172.2/50.0 and 
110.0 mm/15.0 g for P. monodon, 100.0/7.0 
and 90.0 mm/6.0 g for M. monoceros, ift.ljSSi 
and 80.0 mm/4.0 g for M. brevicomis and 68.3/ 
2.5 and 90.0 mm/3.0 g for P. styliferus with 
the survival of 57.2 and 55.0, 5.0 and 13.4, 
34.2 and 17.0, 20.0 and 11.2 and, 72.5 and 
33.4% respectively and the productions of 
475.0 kg/ha and 310 kg/ha were obtained in first 
and second culture experiments. The former 
experiment covered the period January-March 
and the latter April-June, when higher average 
salinity of 11.99 and 16.77 ppt. prevailed. 

On the contrary, complete mortality of P. 
indicus and poor growth and survival for other 
prawns i.e. 70.0/3.8 and 13.2, 51.9/2.0 and 
20.0, 53.0/2.0 and 5.0 aind, 57.7 mm/2.2 g 
and 22.6% for P. monodon, M. monoceros, 
M. brevicomis and P. styliferus respectively 
with very low production of only 50.0 kg/ha 
were obtained in the third culture experi
ment during July-September when the average 
value of salinity went down abruptly from 
16.77 to 5.08 ppt. In the fourth experi
ment, although complete mortality for P. 
indicus was observed, improved growth for 
other prawns, attaining the size of 123.0/17.2, 
85.9/5.5, 80.5/4.5 and 60.0 mm/2.5 g for 
P. monodon, M. monoceros, M. brevicomis and 
P. styliferus with the survival of 25.0, 32.6, 
52.5 and 56.9 % respectively and increased pro
duction of 350 kg/ha was obtained in the 
culture period of October-December when 
salinity was observed to gradually drop down 

and ultimately stood stable at 4.08 ppt, in 
average. 

The present experiments, thus, point to the 
fact that sudden drop of salinity is harmful 
for prawns cultured in ponds. On the con
trary, constant high/low or gradually increasing/ 
decreasing salinity may not affect much the 
prawns excepting P. indicus which definitely 
likes higher salinity, preferably above 10,0 ppt. 

Other physico-chemical parameters like 
water depth, temperature, pH and dissolved 
oxygen as observed can be considered 
favourable to the culture of prawns in pond 
condition. 

The above findings are also supported by the 
results obtained in earlier experiments con
ducted on the culture of P. monodon, (Varghese, 
et ah, 1975) and culture of prawns, (Das and 
Chakrabarti, 1979) in brackishwater ponds at 
Kakdwip. 

The gross production of 1185.0 kg/ha/yr 
obtained with mixed culture of five species of 
brackishwater prawns may be considered as 
impressive compared to earlier experiments 
where gross productions were 360 kg/0.5 
ha/annum, (Menon, 1959); 125.0 kg/0.5 
ha/annum, (Evangeline, 1969) ; 300-800 kg/ 
ha/yr, (Rabanal, 1977) and 666.0-850.0 kg/ha/ 
270 days, (Das and Chakrabarti, 1979). The 
total production of 1185.0 kg/ha/yr as obtained 
in the present experiment, thus clearly indi
cates that by adopting short-term prawn 
farming technique, production of prawns can 
considerably be increased from unit area in a 
given time compared to the earlier productions 
of 666.0-850.0 kg/ha/270 days, (Das and 
Chakrabarti, 1979) from mixed prawn farming 
in deltaic Sunderbans of West Bengal. 
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EXPERIMENTS ON SHRIMP FARMING IN KOVALAM BACKWATERS 
OF TAMIL NADU 

S. SiDDHARAJU AND V. RAMACHANDRA MENON 

Mariculture Research Station, Madras 

ABSTRACT 

The extensive backwaters of Kovalam about 36 km south of Madras city is a potential area for 
intensive shrimp farming. In the absence of suitable flat clay banks in the area for farming and pending 
completion of traditional farm layout, shrimp culture was carried out in suspended nylon net cages as 
well as in pens and similar improvised facilities. Seeds otPenaeus monodon and P. indicus from nearby 
tidal creeks were utilised fully for rearing. The closure of the estuarine mouth by a sand bar for over 
five months in a year considerably altered the hydrographical conditions, yet shrimp culture was 
carried out successfully in the area. Emphasis was given on intensive feeding with feed balls made 
with the waste products of frog leg processing industry. The conversion of feed into shrimp flesh was 
found to be satisfactory. Periodical intensive surveys for prawn seed availability were also carried out 
in this area to augment juvenile supplies. The results of these observations correlated with the hydro-
logical conditions of the backwaters for over the past four years are presented in this paper. A full 
account on shrimp feed formulation with the pelletiser and its beneficial effect on shrimp growth is also 
discussed. 

The emphasis of the work had been to develop a package of practises for successful shrimp farming 
suitable for the private enterpreneurs under the agro-climatic conditions existing in Tamil Nadu. 

INTRODUCTION PHYSIOGRAPHY 

PRELIMINARY observations were made on the Kovalam backwaters situated in Chingleput 
culture of prawn in nylon cages erected in the District in latitude 12''46'N and SO'IS'E longi-
Kovalam backwaters near Madras (Isaac tude is a vast sheet of water, 250 hectares in 
Rajendran and Sampath, 1975, Sampath extent. It is located 36 km south of Madras 
and Ramachandra Menon, 1975, Siddharaju city close to the Madras-Thanjavur coastal 
and Md. Sultan, 1980). The results of the road. No rivers join the backwaters but during 
detailed experiments on the culture of prawns north-east monsoon period, surplus water from 
in difierent types of enclosures under various many irrigation tanks in Saidapet and 
stocking densities using different types of arti- Chingleput taluks flow into it, as a result of 
ficial feeds during 1975-79 are presented in which the barmouth opens and there is free 
this communication, exchange of sea water. Apart from this, there 

The authors are grateful to the Director of is considerable flow of water from the Palar 
Fisheries, Tamil Nadu, for giving permission estuary and the Marakkanam salt swamp 
to present this paper in the Symposium and during the rainy season through the 
to Shri A, Sreenivasan for his valuable sug- Buckingham canal which passes through these 
gestions and guidance. backwaters. 
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The backwaters extend 15 km in North-
South direction with a maximum width of 
300 ra and depth of 3.5 m, while the average 
depth is 1.2 m. During summer months, [ the i 
entire column of water is reduced to 'i^l^tldi 
ponds, puddles and cartals. Most of the|)a(^-j 
water banks is sandy. Many areas are Bs^ i 
for salt production. 

The barmouth of the backwaters is 150 m | 
long during floods in October-December' 
period which gradually constricts with cessation! 
of flow of freshwater and completely dc^s by 
June each year to reopen again only dxkiag the 
next monsoon floods. The barmouth is fully 
sandy and about 1.5 m deep. The maxidum 
tidal amplitude is 0.5 m and its efiect is felt 
upto 3.0 km interior when the barmouth is 
fully open. 

MATERIALS AND METHOD 

Rearing of prawn juveniles of 25.0 mm-
35.0 mm sizes was done in cages of 
5 X 2 X 1 m made of lunite plastic screening 
of 16P (36 mesh/cm). Some of these cages 
were fixed to poles driven close to the shore 
in Kdvalam backwaters in places where the 
dq>th of water was 1.5 m. Some cages were 
suspended from rafts made bf casurina poles 
kept buoyant by tying to air tight drums (either 
plastic or metal) and anchored in places where 
the witer depth ranged between 2.5 and 3.5 m 
at low tide. Rearing of prawns was also done 
in double-layered cages of the same sizes as 
mentioned above, but with a horizontal parti- • 
tion provided in the middle with the same 
construction material so that prawns could be 
stockfcd in both the layers. Feeding for the 
lower layer was effected by providing a funnel-
shaped entrance to this layer alone from the top 
cutting through the middle partition. Floating 
pen Imving 8 x 4 x 1.50 m size was also used 
for prawn culture in the backwater suspended 
with the help of a raft constructed by using 
casurina poles and barrels. Apart Trom the 

natural food that entered the cages from the 
environment, feeding was done once a day in 
the evening, using a variety of artificial feeds, 
flesh of Tilapia, clam meat and pellets made 
out of minced trash fish, tapioca flour, rice 
bra^, groundnut oilcake and dried algae. 
Frog flesh waste was also used as one of the 
sources of animal protein and for providing 
a stable binding agent. Pelletisation was dpne 
in a motor-driven peUetiser. These pellets 
remained stable in water for 18 to 24 hours 
and were well accepted by the prawns. Culture 
cages were cleaned once in a week to remove 
the debris, weeds and fouling organisms depo
sited in the cages. Varying stocking densities 
were tried and the quantum of feed also varied 
proportionately. In earlier stages of tearing, 
a higher percentage of feed at the rate of 30 to 
100% of body weighl was supplied but when 
Xhi prawns grew bigger, the ration of supple
mental feed was maintained at 5 to 15%. of 
the body weight. 

Recording of environmental parameters 
such as surface water temperature, salinity, 
dissolved oxygen and pH was made through
out the period of ojiservation. 

Seed surveys were carried out at four centres, 
three in Kovalam backwaters and one in the 
temporary pools.formed adjacent to the sea 
shore during high tide especially during full-
moon and new moon period. Velon screen 
drag nets operated by two persons were used 
for the seed survey. 

RESULTS AND DISCUSSION 

Environmental parameters 

Hydrological parameters during the period 
of observation (Table 1) indicated the suit
ability of site for shrimp farming. Nature 
of the barmouth and the inflow of fresh
water through the Buckingham canal during 
the monsoon months greatly influence the 
hydrological conditions, especially the salinity. 



TABLE 1. Detaih of physico-chemical conations of the Kiov<dambadcwaters near the cidtwe tite 

Parameters 

Surface water temperature (°C) 
PH 
Dissolved oxygen (ppm) 
Salinity (ppt) 
Phenolphthalein Alkalinity (ppm) 
Methylorange alkalinity (ppm) 
Carbondioxide (ppm) 

1975-76, 

Mini. 

24.8 
7.8 • 
2.4 

8.14 
6 

64 
Nil 

Max. 

32.5 
8.5 

13.4 
41.5 

22 
124 
Nil 

1976-77 

Mini. 

25 
7.9 
3.4 
1.5 

4 
54 
Nil 

Max. 

31.5 
8.35 

10.2 
37.9 

16 
123 

Nil 

Mini. 

27 
7.8 
3.6 
1.5 

4 
50 
Nil 

1977-78 

Max. 

31 
8.4 
9.6 

39.1 
16 

129 
1 

1978-79 

Mini. 

26 
8.6 
3.6 
1.4 

3 
64 

Nil 

_. 
Max. 

32 
8.7 
7.6 

40.8 
14 

116 
Nil 

o o s 
> 

Months 

-

April 
•May 
*June 
•July 
•August 
•September 
•October 

November 
December 
January 
February 
March 

TABLE 2. 

Penaeus 
indicus 

150 
225 
200 
175 
800 ^ 
750 

1100 
2215 
2090 
700 
225 
200 

Species-wise drag net catch of postlarvae/Juveniles (Per net per hour) in the Kovalam backwaters during the 

1975-76. 

Penaeus 
monodon 

__^ 
— 
— 
— 
— 
— 
— 

2600 
1350 
400 
— 
—" 

Meta-
penaeus 

spp. 

200 
225 
120 
110 
190 
TOO 
500 

1110 
900 
790 
395 
192 

years from 

Penaeus 
indicus 

240 
252 

1200 
144 

252-3810 
1240-2940 
1080-2516 

824 
30-260 
40-240 
30-4380 

172-2341 

1976-77 

Penaeus 
moru)don 

— 
— 
— 
— 
— 
42 

84-300 
90-480 
40-360 

— 
— 

1975-76 to 1978-79 

Meta-
penaeus 

spp. 

70 
336 
90 

298 
188-280 
100-340 
180-1320 
70-140 

240-320 
180-270 
28-62 
18-56 

Penaeus 
indicus 

120-258 
2800-4500 

378 
120-180 
16-87 
12-24 

750-1000 
100-120 

50-108 
30-110 

168-3020 
62-300 

1977-78 

Penaeus 
monodon 

— 
— 
— 
— 
— 
— 

100-250 
75-300 
21-100 

— 
^ 

Meta-
peruieus 

spp. 

Neg. 
20-45 

12 
36-48 

100-1585 
120-1200 
266-1200 
150-205 
38-45 
33-36 
32-76 
12-32 

Penaeus 
indicus 

40-180 
60-214 

530-1000 
150-280 
25-350 

600-1000 
60-500 
34-40 
66-133 

120-440 
50-3000 
12-1500 

1978-79 

Penaeus 
monodon 

— 
— 
— 
..— 

• — 

— 
333-999 
39-500 
10-50 
— 
-—" 

Meta-
penaeus 

spp. 

48-82 
4-32 

30-48 
41-82 
18-24 

120-285 
42-59 

102-182 
111-179 
42-63 
12-39 

142-315 

C 
> 
a 
< 
50 
> 
> 
o 
> 
a 
> 
i i 
•T; 
O 

z 

• Prawn seed available only in temporary pools formed adjacent to ftta. at Kovalam. 
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During the monsoon months (October-
November) the salinity ranged from 1.5 %„ 
to 8.14% .̂ The barmouth is open only dur
ing the monsoon months when the freshwater 
rushes into the backwater. Maximum salinity 
from 37.9%„to 41.3%„ was recorded during 
July-August. 

Dissolved oxygen content ranged from 
2.4 ppm. to 13.4 ppm. during the four-year 
period. The wide fluctuations in the level of 
dissolved oxygen content did not affect the 
growth of prawns. 

The pH values did not show great fluctua
tions and it was always on the alkaline side, 
which is the ideal condition for prawn culture. 

Carbondioxide was absent throughout the 
period q{ observation except for a few weeks 
and that too was nK)t over 1 ppm. 

Lowest surface water temperature fluctuated 
between 24.8''C and 27°C during December-
January months and the highest of which ranged 
from SVC to 32.5''C during April-May. There 
were no wide fluctuations in the lowest and 
highest temperatures between the four-year 

; period (tf observations. 

Shrimp seed resources 

A perusal of Table 2 indicates that recruit
ment of prawn postlarvae takes place during 
the period when the backwater was in com
munication with the sea. Thus the recruitment 

! generally is restricted to a period of 6-7, months 
in a year. 

Among the commercially important species 
of prawns, seeds of Penaeus indicus were avai
lable throughout the period of six months, 
in all the three centres of Kovalam backwaters 
when the e^uary was open to the sea. But 
the peak season appeared to be October and 
February to March extending upto April 
depending upon the nature of barmouth, 
whereas in the temporary pools formed adja

cent to seashore, during hightides especially 
during new-moon and full-moon periods. 
P. indicus seeds were available through
out the year with peak periods in May-June, 
September-October and February-March. 

Postlarvae and juveniles of P. monodon 
were available in the backwaters only in three 
months from November to January with the 
peak in November and December. In the 
temporary pools, P. monodon seeds were collec
ted only in lesser numbers. 

Though there are two peak periods for both 
P. indicus and P. monodon seed availability 
(Rao, 1980), due to the shorter period of open
ing of the barmouth only one season could be 
observed as far as Kovalam backwater is 
concerned. 

Metapenaeids were represented by Meta-
penaeus monoceros and M. dobsoni. Peak 
periods of their availability varied from year 
to year. 

SHRIMP CULTURE EXPERIMENTS 

Results obtained from the shrimp culture 
experiments in difierent enclosures are given in 
Tables 4 to 9. As many as 25 to 46 experi
ments were conducted (Table 4) using 
P. indicus, P. monodon and M. monoceros seeds 
during the period from 1975 to 1979. 

During 1975-76 only P. indicus seeds were 
used for culture experiments. A total of 33 
experiments were conducted in cages of 10 m* 
at two stocking densities i.e., 50 and 75/m' 
iibr a period of 91-1(X) days. First three types 
of feeds mentioned in Table 3 were used at 
different rates mentioned thereunder. Pro
duction rates ranged from 50 to 200 gm/m^. 
In 91 days shrimps stocked at the rate of 
50/m* attained an ayerage si2e and weight of 
75.7 mm and 2.8 gm respectively (Table 5) 
whereas shrimps stocked at the rate of 75/m* 
attained only 64.2 mm and 1.8 gm in 100 days. 



TABLE 3 Types of supplementary feeds used and rates of feeding in prawn culture experiments during 1975-1979 

Type of feed 

Flesh of Tilapia 

Rate of feeding (to the total body weight( %)) 

1st Month 2nd Month 3rd Month Onwards 5" 
100 50 25 a 
80 
40 

40 
20 

20 
10 

O 

> 
JO 
> 

C 
> 
o 
< 

> 
> o 

z 
d 

Flesh of clam, Meretrix casta 100 
80 
40 
30 

50 
40 
20 
15 

25 
20 
10 
5 

Pellet A : fish meal: shrimp head meal: rice bran (2 :1 :1 ) and 5 % rice flour 50 30 15 

Pellet B: fish meal 35 %, groundnut oilcake 20 %, rice bran 35 %, maida 10 %, few drops of citric acid 50 
30 

30 
15 

15 
5 

2 
tn 
Z o Pellet C : frog flesh waste 58 %, groundnut oil cake 4 %, rice bran 20 %, tapioca powder 1 %, urea and 40 

polyphosphate 0.5 %, shrimp head meal 6 %, algal powder 6 %, salt 1.5% and few drops 
of citric acid 30 

20 

15 

10 

PelletD : fish meal 35%, rice bran 35%, tapioca powder 25%, algal powder 4 %,shdlgrit 1% and 
Agar 15 gn^ks. 40 

30 
20 

15 
10 



TABLE 4. Details of prawn culture experiments conducted in different types ofendosures for four years from 1975-76 to 1978-79 

Number Stocking Rate of Duration Survival Production in Rate of 
Year Species stocked Description of of cages density per stocking of experi- rate % Kg. production 

cage used cage perm* ment perm'(gm) 
(days) 

1975-76 Penaeus indicus 

1976-77 Penaeus indicus 

Penaeus monodon 

1977-78 Penaeus indicus 

Penaeus indicus 

Penaeus indicus 
& 

Penaeus monodon 

Metapenaeus monoceros 

1978-79 Penaeus indicus 

Penaeus indicus 

Penaeus indicus 

Penaeus indicus 

Penaeus monodon 

10 m* rectangular 
fixed cage 33 

-do- 26 

-do- 6 

-do- 20 

10 m' floating 
cages 16 

lOm'fiixed rec
tangular cage 3 

-do- 2 

-do- 10 

10 m* double 1 
layered cage 

40 m* floating pen 1 

10 m* floating 
cage 8 

10 m» rect
angular fixed 
cage 5 

500-750 50 to 75 90-100 83-100 

240-400 

100-200 

250-1000 

400-600 

60-80 
20-40 

1000 

500-1000 
500 
500 

3000 

500 

60 

30 to 100 

10 to 20 

25-100 

40-60 

6 to 8 
2-4 
100 

SO to 100 
50 
50 

750 

50 

90-120 
106 

61-125 

56-92 

66 

84 

87-123 
89 

115 

100-156 

90 

37-100 

87-100 

40-100 

20-100 

95-100 
66.7-95 

20 to 50 

50 to 100 
76 
92 

85.33 

54.2-99 

0.500 to 2.000 

0.510 to 3.195 

1.235 to 1.920 

0.850 to 3.900 

0.700 to 2.500 

0.490 to 0.600 
0.145 to 0.250 
0.300 to 0.750 

1.300 to 3.450 

2.000 to 2.100 

13.800 

1.900-3.800 

210 

345 

190 to 380 

7> 

50 to 200 

50 to 350 

124 to 192 

«5 X<iWf) 

70 to 250 

49 to 25 
14.5 to 25 
33 to 750 

130 to 345 

200 

&. *« 
•a 
> 

o 

o 
< 
> 
> 

> o 

W 

CO 

1.100-1.250 110 to 250 



TABLE 5. Growth and survival rates o/Penaeus indicus cultured in 10 m* cages at various stocking densities with 
different types of feeds during A years from 1975-76 to 1978-79 

• 1 ^ 

o 

Year Number 
stocked 

Rate of 
stocking 
perm* 

Mean Mean Duration Mean Mean 
length weight of length weight 
at the at the experiment at the at the 
time of time of (days) time of time of 
stocking stocking harvest harvest 

(mm) (gm) (mm) (gm) 

Number Survival 
of rate 

prawns (%) 
harvested 

Quantity 
of 

prawns 
harvested 

(kg) 

Produc
tion rate Types of 
per Sq. feed used 
metre 
(gm) O 

O 
S 
> 
> 

1975-76 500 
500 
750 
750 

50 
50 
75 
75 

26.3 
26.3 
43.2 
43.2 

0.09 
0.09 
0.37 
0.37 

91 
91 

101 
101 

75.7 
70.4 
64.2 
66.2 

2.8 
2.2 
1.8 
1.2 

325 
500 
405 
440 

65 
100 
81 
88 

0.910 
1.100 
0.730 
0.528 

91 
110 
730 
52.8 

Flesh of clam 
Pellet A 
Flesh of clam 
Pellet A 

1976-77 400 
400 
400 
300 
300 

40 
40 
40 
30 
30 

30-56 
48.2 
30.56 
30.56 
32.28 

0.2 
0.73 
0.2 
0.2 
0.24 

120 
120 
120 
120 
90 

105.32 
110.38 
89.76 
92.27 
70.72 

8.8 
8.8 
4.4 
4.6 
4.36 

350 
356 
326 
257 
111 

87.5 
89 
81 
85.67 
37 

3.035 
3.195 
1.430 
1.195 
0.510 

303 
319.5 
143 
119.5 
51 

Flesh of Tilaapi 
Flesh of clam 
Pellet B 
Flesh of clam 
No feed 
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1977-78 400 
500 
600 
700 

40 
50 
60 
70 

26.97 
16.64 
16.74 
17.08 

0.15 
0.04 
0.05 
0.05 

106 
126 
126 
126 

89.5 
95.2 
98.6 
91.12 

5.6 
5.5 
6.1 
5.6 

394 
350 
140 
700 

89.5 
70 
23.33 
100 

1.820 
1.925 
0.847 
3.900 

182 
192.5 
84.7 
390 

Flesh of clam 
-do-
-do-
-do-

1978-79 500 
500 
500 

50 
50 
50 

31.18 
31.18 
33.9 

0.12 
0.12 
0.19 

100 
120 
100 

103.28 
96.4 
87.739 

7.68 
6.03 
5.00 

495 
500 
446 

99 
100 
89.2 

3.800 
3.150 
2.230 

380 
315 
2230 

Pellet C 
Flesh of clam 
Pellet D 



TABLE 6. Growth 4md survival rates o/Penaeus maooAoa cultured in 10 m* cage at various stocking densities during 1975-76 to 1978-79 

Year 

1976-77 

1977-78 

1978-79 

Year 

1977-78 

Number 
stocked 

100 
150 
200 

100 
50 

60 
60 
60 

Number 
Stocked 

1000 

1000 

Rate of 
stocking 
perm* 

10 
15 
20 

10 
5 

6 
6 
6 

TABLE 7. 

Rate of 
stocking 
perSq. 
metre 

100 

100 

Mean 
length 
at the 
time of 
stocking 
(mm) 

22.45 
20.6 
51.56 

50-33 
54.54 

45.267 
71.2 
32.56 

Mean 
weight 
at the 
time of 
stocking 
(gm) 

0.151 
0.05 
1.0 

1.125 
3.00 

1.02 
3.3 
0.096 

Duration 
of ex

periment 
(days) 

106 
106 
106 

92 
92 

92 
95 

100 

Mean 
length 
at the 

time of 
harvest 
(mm) 

114.88 
106.28 
107.28 

99.56 
128.7 

124.5 
128.7 
84.54 

Mean 
weight 
at the 
time of 
harvest 
(gm) 

13.0 
9.6 

10.8 

8.0 
18.0 

19.492 
20.00 
9.26 

Number 
of 

prawns 
harvested 

100 
150 
194 

100 
50 

59 
37 
23 

Survival 
rate(%) 

100 
100 

97 

100 
100 

98.33 
67.67 
38.33 

Quantity 
of 

prawns 
harvested 

(kg) 

1-235 
1.440 
1.920 

0.800 
0.900 

1.150 
0.740 
0.240 

Production Type of 
rate per 

Sq. 
metre 
(gm) 

123.5 
144 
192 

80 
90 

115 
74 
24 

Growth and survived rates o/Metapenaeus monceros cultured in 10 m* cages during the year 1977-78 

Mean 
length 
at the 
time of 
stocking 
(mm) 

14.3 

13.88 

Mean Duration 
weight of 
at the experiment 
time of 
stocking 
(gm) 

0.18 

0.18 

(days) 

84 

84 

Mean 
length 
at the 
time of 
harvest 
(mm) 

64.3 

60.52 

Mean 
weight 
at the 
time of 
harvest 
(gm) 

1.5 

1.65 

Number 
of 

prawns 
harvested 

500 

200 

Survival 
rate(%) 

50 

20 

Quantity 
of 

prawns 
harvested 

(kg) 

0.750 

0.330 

feed 
used 

Flesh of clam 
-do-
-do-

Flesh of clam 
-do-

Pellet C 
Flesh of clam 
No feed 

Production 
rate per 

Sq. metre 
(gm) 

75 

33 

Type of 
feed used 

Flesh of 
Meretrix 
No feed 
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No marked difference in terms of growth was 
achieved with different types of supplementary 
feeds. In the former experiment where clam 
meat was given as supplementary feed cent 
per cent survival was achieved. 

Both P. indicus and P. monodon seeds were 
reared in cages during the year 1976-77. Of the 
46 rearing Experiments conducted on P. indicus 
most of them were at 30-40/m' stocking 
densities. Three types of feeds as mentioned 
in Table 5 were tried. Production rates ranged 
from 50 to 319 gm/m* with 37-100% survival 
rates. High growtlx (110.4 mm), production 
(319.5 gm) and survival rates (89%) were 
achieved at a stocking density of 40/m'' in 120 
days with flesh of clam as supplementary feed. 
The prawns were fed at the rate of 40%, 20% 
and 10% of their total body weight for the 
first, second and third months of rearing 
respectively. 

At the stocking density of 20/m* best produc-
tiob rat© "of 192 gm/m^ with 97% survival 
w ^ obtained in 106 days for P. monodon. 
Poor survival rates due to absence of supple
mentary feed in some of the cages resulted in 
lesser production of 50 gmjva?. 

Two types of enclosures (ordinary fixed 
cages and floating cages of 10 m^ size) were 
used to rear P. indicus during the year 1977-78. 
Twenty experiments in ordinary cages and 16 
experiments in floating cages with stocking 
densities at the rate of 25 to 100/m^ and 
40-60/m* respectively were conducted for 61 to 
125 days and 56 to 92 days period. Flesh of 
clam, flesh of Tilapia, Pellet-B and Pellet-D 
were the four types of feeds used for the rearing 
experiments. Production rates in ordinary 
cage ranged from 85 gm to 295 gm/m* and 
in the floating cages it ranged from 129 to 
390 gm/m*. Survival rates were found to be 
37 to 82%. Generally growth and survival 
were better in the case of shrimp cultured in 
floating cages. Flesh of clam and fish given 
at 30%, 15% and 5% to the total body weight 

during first, second and third months respec
tively was found to be comparatively better 
ration for caged shrimps. 

Two species of penaeid prawns, P. indicus 
and P. monodon were cultured together in 
different stocking densities (6-8/m' and 2-4/m*) 
in three cages (Table 4) with clam meat as 
feed. The production rates of P. indicus 
after 66 days ranged from 49 to 60 gm^* and 
that of P. monodon from 14.5 to 25 gm/m*. 
In this mixed culture experiment the growth 
rate of P. indicus was comparatively faster. 

In two experiments on culture of Af. monoceros 
with/without supplementary feed conducted 
during 1977-78, the growth and survival rates 
were found to be very poor. Production rates 
were 33 and 75 gm/m^ respectively in the case 
of shrimp reared with and without supple
mentary feed (Table 7). 

During the year 1978-79, four types of net en
closures were tried for the rearing of P. indicus 
and P. monodon. Ten experiments were 
conducted on rearing of P. indicus in 10 m' 
ordinary cages (PI. I A), 8 in floating cages 
(PI. I B), one in floating pen (PI. I C) and one 
in double layered cage (Fig. 1). Production 
rates of these experiments are given in Table 9. 

In ordinary cage, average growth was 
60.7 mm and 4.7 gm in 87 to 123 days. Rate 
of production raged from 130 to 345 gm/m*. 
Average production was found to be 236 gm/m*. 
Feeding was done with flesh of clam and 
Tilapia, Pellet-C and Pellet-D at difierent 
rates. Comparatively maximum growth and 
survival rates were obtained from Pellet-C 
at the rate of 30%, 15% and 5% for the three 
months' period (Table 8). 

In contrast to this, in eight experiments con
ducted in floating cages, with uniform density 
of SOO/ra" for a period of 100 to 156 days, 
an average growth of 69 mm/7 gm was obtained 
with an 'average production of 281 gm/m* 
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PLATE I 

PLATE I. A. Battery of 10 m" fixed cages, B. Three sets of 10 m^ floating cages suspended in Kovalam backwaters. 
C. A 40 m^ floating pen suspended, and D. Prawn harvest from a 10 m" cage. 
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Iwhich was 45 gm more than the production 
jobtdned in ordinary cages. 

' In a floating pen of 8 x 5 x 1.50 m size, 
made up of knotless webbings, P. indicus 
juveniles were reared at 75/m*. The survival 
irs^e was 85% and the weight increment was 
•5J gm in 115 days. Pellet-C was used at 
!40%, 20% and 10% to the total body weight 
! during the first, second and third months 
Sreipectively as supplementary feed. 

P. indicus cultured in double layered cage at 
50/m* in each layer for 89 days yielded a pro
duction at the rate of 200 gm and 210 gm/m* 

; in the top and bottom layers respectively. 

pellet feed (Pellet-C), rate of feeding and im
provements in cage designs. Of the six types 
of feeds mentioned in Table 3, flesh of clam and 
Tilapia were found to be good in the beginning 
and after compounding Pellet-C by using frog 
flesh waste as the main ingredient it was found 
to be more acceptable by the shrimp. Table 8 
shows the conversion rates obtained from 
difl"erent types of feed. It can be seen from the 
table that Pellet-C was better than other feeds 
giving a conversion rate of 3.01 and 5.87 for 
P. indicus and P. monodon respectively. 

Observations revealed that the average culture 
peirod of prawn has to be restricted to 120 days, 
as keeping the culture stock inside the cage 

WTER LEVEL-

•CflNvcvCK FOR LOUie CHknSEÎ  

-UPPER CH««B«B 

-OFENINC rOR tOUtR CHAHBER 

•UutRCNUneGK 

Fig. 1. A 10 m' double layered cage. 

»̂. monodon seeds were cultured in five 10 m* 
\ ordinary cages at the rate qf 6/m* for a period 
i of 90 days with feed Pellet-C and flesh of clam, 
i and an average production of 85.2 gm/m* was 
j obtained. Growth and production was com-
j paratively better in the case of prawn fed with 
\ Pellet-C at 30%, 15 % and 5 % to the total body 
weight for three months period respectively. 

It can be seen from Table 4 that production 
rates increased from 1975-76 to 1978-79 which 
was due to the evolution of better types of 

for longer periods has slowed down the growth 
and aff"ected the survival rates. 

The results obtained showed that growth and 
production of shrimps were comparatively 
better in the culture cages suspended from 
floating rafts in 3 to 4 metre deep portion of 
the backwaters. 40 m* floating pen made out 
of knotless webbings also gave better results. 
Similarly the double layered cage not only 
provided additional rearing space, but also 
gave still higher production of 410 gm/m*. 



TABLE 8. Production and conversion obtained in cage culture of prawns with different types of feed t. 

Species 

Penaeus indicus 
1976-77 

1978-79 

Penaeus monodon 
1976-77 
1978-79 

Metapenaeus monoceros 

Number Rate of 
stoclced stocking 

perm* 

400 
400 
400 
500 
500 
500 

100 
60 
60 

1000 

40 
40 
40 
50 
50 
50 

10 
6 
6 

100 

Type of feed 

Flesh of clam 
Flesh of Tilapia 
Pellet-B 
Pellet-C 
Flesh of clam 
Pellet-D 

Flesh of clam 
-do-

Pellet-C 

Flesh of clam 

Total quantity of 
feed given (kg) 

34.700 
52.000 
50.00 
15.350 
18.300 
16.500 

10.360 
5.100 
6.110 

12.000 

Total increase in 
weight (kg) 

2.100 
2.955 
1.350 
3.750 
3.100 
2.135 

1.184 
0.542 
1.039 

0.570 

TABLE 9. Average production o/Penaeus indicus in different type of enclosures in 100 to 120 days of rearing during 

Type of cage 

Ordinary cage 

Floating cage 

Double layered cage 

Floatiag pen 

Area 

5 x 2 x 1 
(10 m*) 

5 x 2 x 1 
(10 m») 

5 x 2 x 1 
(10 m") 

m 

m 

m 

8 x 5 X 1.50 m 
(40^m«) 

Number stocked 

500 

500 

500 
500 

3000 

Production (Kg) 

2.360 

2.810 

2.000 (top) 
2.100 (bottom) 

13.800 

Rate of production 
per m* (gm) 

236 

281 

200_ 
210 

345 . 

Conversion 
Feed : Prawn 

16.53 :1 
17.60:1 
37.04 :1 
4.09:1 
5.903 :1 
7.704 :1 

8.75 :1 
9.446:1 
5.87 :1 

21.05 :1 

the year 1978-79 

Average size of prawns 
at the time of harvest 

(mm) 

97.61 mm/6.3 gm 

1(W.15 mm/7.73 gm 

Topkyer 
91.86 mm/5.26 gm 
Bottom layer 
85.63 mm/4.56 gm. 

" 94.2 mni/5.4 gm 
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Compared to the growth rates of P. indicus 
and P. monodon, growth of M. monoceros was 
poor and it may be assumed that growinf them 
in cages would not yield better result. 

Heavy feeding with supplementary feeds at 
rates about 30%, 15% and 5% to the total body 
weight for the three months period resulted 
in wastage of feed and accordingly poor con
version rates were obtained in the beginning of 
cage culture experiments during the year 
1976-77. 

Physico-chemical parameters of the back
waters were found to be favourable for the 
growth and survival of prawns. Better growth 
was noticed during November and December 
when the salinity was between 19%^ and 23 %^. 

Awer&gQ estimated growth of P. indicus in 
most of the cages was found to be 18.5 mm/ 
month and 29.8 mm/month in 120 and 90 days 
rertag. Even at this high stocking density, 
the growth compares well with the growth of 
the species in the natural environment of the 
Kovalam backwater, where the monthly growth 
ranged from 15 mm to 28 mm (C.M.F.R.I., 
1975). 

From the overall analysis of the results of 
the prawn culture experiments conducted 
during the years 1975-1979 it may be assumed 
that the nylon cages could be successfully used 
for raising two crops of medium sized prawns 
with suitable artificial feed and could give an 
average annual production of 736 gm/m* in 
two crops. 
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OBSERVATIONS ON THE CULTURE OF TIGER PRAWN PENAEUS MONODON 
FABRICIUS, IN BRACKISHWATER PONDS 

V. VENKATESAN AND S. VICTOR CHANDRA BOSE 

All India Coordinated Research Project on Brackish-water Fish Farming, 
Tamil Nadu Sub-unit, 75, Santhome High Road, Madras-&Xi 028, India 

ABSTRACT 

Experiments on the Culture of tiger prawn, Penaeus monodon were conducted in the brackishwater 
ponds in Santhome Fish Farm, Madras. The size of the ponds ranged from 0.1 to 1.14 ha. After 
removing the predatory fishes, the ponds were manured with Inorganic fertilizers. Juveniles of tiger 
prawn ranging from 20.0 to 45.0 mm in length were stocked at densities ranging from 25,000 to 
40,000/ha and reared for a period of 90 days. No supplementary feed was given to the prawns. But 
fertilizers were applied at regular intervals. 

The prawns attained an average size of 154.5 mm and a weight of 25.7 g in 90 days at a stocking 
density of 25,000/ha and 129.5 mm and 14.4 g in 90 days at a density of 40,000/ha. Survivals of prawns 
varied from 81.02 to 86.2 %. Maximum production of 521.2 kg/ha in 90 days was achieved at a stock
ing density of 25,000/ha and the minimum of 496.5 kg/ha in 90 days was obtained at a density 
of 40,000/ha. 

INTRODUCTION 

AMONG the penaeid prawns that are available 
in the seas of India, the tiger prawn Penaeus 
monodon Fabricius is considered to be outstand
ing in its adaptability to culture, general hardi
ness and growth rate. Thus it becomes the 
most favourable species for culture in brackish
water ponds. Studies were initiated from 1977 
onwards at the Tamil Nadu Sub-Centre of the 
All India Coordinated Research Project on 
Brackishwater Fish Farming at Madras on the 
culture of this species in brackishwater ponds. 
The details of some of the experiments on the 
culture of tiger prawn, P. monodon conducted 
during 1977-1979 are embodied in the present 
communication. 

The authors are thankful to Shri C. Chel-
lappan, i.A.s., Director of Fisheries, Govern
ment of Tamil Nadu and Dr. A. V. Natarajan, 
Director, Central Inland Fisheries Research 
Institute, Barrackpore and Coordinator of the 

Project for their encouragement and guidance 
in the study. 

MATERIALS AND METHODS 

The experiments each of 90 days duration 
were conducted in two 0.1 ha (ponds 6 & 8) 
and one 1.14 ha (Pond 1) ponds at the Santhome 
Brackishwater Fish Farm, Madras. The 
height of the water column in the ponds ranged 
from 0.6 to 1.2 m during the period of study. 
Tidal water was let into the ponds by operating 
a sluice gate for 3 to 4 days during each spring 
tide, through a creek which originates from the 
Adyar estuary near its mouth. 

Before stocking, the water level of the ponds 
were reduced to the lowest level (0.3 to 0.4 m) 
and the predatory and weed fishes were re
moved by thorough netting with fine meshed 
cast nets and drag nets. The bottom soil of 
the poods was raked thoroughly to release 
the abnoxious gases. Then the ponds were 
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f^ilized with urea and superphosphate in the 
ratio of 4 :1 respectively at a rate of 100 k g ^ . 
A week after the application of fertilizers, water 
level of the pond was increased to 0.7 to 0,8 m 
by allowing fresh tidal flow. 

Jpveniles of P. monodon ranging from 
20.0 to 45.0 mm were collected from the searby 
Adyar estuary and Kovelong backwaters and 
transported to the farm where they were condi
tioned overnight in hapas fixed in the experi
mental ponds. Next morning, healthy young 
ones were selected, counted and released. 
The details of stocking are shown in Table 1. 

The growth of prawns was recorded by 
monthly sampling. Hiysico-chemical condi
tions of the culture ponds (Table 3) were 
recorded once in a week. The prawns were 
reared for 90 days. Water level of the ponds 
was reduced to the minimum and then the 
prawns were harvested by repeated thorough 
netting by cast nets. 

RESULTS AND DISCUSSION 

The monthly fluctuations in water temperature, 
salinity and pH of the ponds were not wide 

TABLE 1. Details on the density, number, size and weight of prawns stocked 

Area of the pond (ha) 

Date of stocking 

Stocking rate/ha 
Average size (mm) 

Average weight (g) 

J 

1 

1.14 
12.12.78 

25000 
35.5 

0.45 

P o n d 

6 

0.1 
1.10.77 

40000 
36.8 

0.47 

8 

0.1 
21.11.77 

25000 

34.5 

0.42 

TABLE 2. Fertilizers applied during rearing 

1 

6 

8 

Quantity applied in kg 

urea 

72.96 

6.4 

6.4 

superphosphate 

18.24 

1.2 

1.6 

Frequency 

4 instalments 
(20th, 40th, 60th and 80th day after 

stocking) 

2 instalments 
(30th and 60th day after stocking) 

-do-

During rearing, fertilizers, urea and super
phosphate, in the ratio of 4 : 1 were applied 
in aU the ponds at regular intervals as shavm in 
Table 2. 

(T&Ut 3). Similarly there were not much 
variations jn those conditions from one pond 
to the othei. Monthly dissolved oxygen values 
oi ti» ponds 6 and S ranged from 3.64 to 7.8 



148 V. VENKATESAN AND S. VICTOR CHANDRA BOSfi 

and 3,4 to 7.29 ppm. respectively during the 
period of rearing. But in Pond 1, a maximum 
value of 8.21 pp^l. was recorded in the first 
month of rearing which came down to the mini-
rfmm value of 1.0 ppm. during the last month of 
rearing. Tte low values of dissolved oxygen in 
Pond 1 were due to the lack of proper tidal 
flushing. 

size and weight (129.5 mm/14.4 g) were re
corded in Pond 6 at a higher stocking density 
of 40,000/ha. The poor growth appeared to 
be mainly due to high stocking density. The 
growth pattern of prawns ip, the three experi
mental ponds are shown in Fig. 1. In all the 
ponds the growth of prawns was'almost uni
form in the first month and in the second and 

TABLE 3. Ranges of important Physico-chemical conditions of the experimental ponds 

P o n d 

1 

24.6-32.8 

7.8-8.4 

8.86-16.27 

1.0-8.21 

6 

24.2-31.7 

7.9-8.4 

11.74-16.39 

3.64-7.8 

8 

23.9-32.5 

7.6-8.4 

11.60-19.48 

3.4-7.29 

Water temperature (°C) 

PH 

Salinity (ppt) 

Dissolved oxygen (ppm) 

30 60 

DAYS 
90 

Fig. 1. Growth of tiger prawn in three experimental ponds. 

The results of rearing are given in Table 4. 
It will be seen from the Table that the final 
size and weight attained by the prawns were 
almost equal in ponds 1 and 8 at the stocking 
densities of 25,000/ha. Relatively poor final 

third months of rearing growth continued to 
be uniform in ponds 1 and 8. But in poi»i 6, 
growth slowed down from the sec(md month 
onwards. 
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Survival of prawns was almost uniformly 
higher (above 80%) in all the pdnds anda 
maximum of 86.2% was recorded in pond 6. 

Almost identical productidn of prawns 
496.5 kg/ha and 498.2-kg/ha was oljtained in 
ponds 6 and 1 respectively.' Sli^tly better 
yield of 521.2 kg/ha-was recorded in pond 8. 
In general the production in the preswit experi
ments under simple management could be 
considered satisfactory. 

contributed to the higher survival of prawns in 
all the ponds. This confirms the view of 
Krantz and Norris (1975) who had observed 
that survival of 60-80% Was to be expected 
under suitable pdfid conditions of absence of 
predators, sub-optimal temperatures and sali
nities. Water temperature, pH and Salinity 
of the experimental ponds were normal during 
the period of rearing. Even the low oxygen 
values recorded hi pond 1 during the last 
month of rearing had not affected the survival 

TABLE 4. Growth, survival and production of tiger prawns in the experimental ponds 

'A 

Numbers recovered 

Average size (mm) 

Average weight (g) , 

Percentage of recovery 

Actual quantity harvested (kg) 

Production kg/ha/90 days 

1 

23092 

152.5 

24.6 

81.02 

567.94 

498.2 

P o n d 

6 

3448 

129.5 

144 

86.2 

49.65 

496.5 

8 

2028 

154.5 

25.7 

81.12 

52.12 

521.2 

Chen (1976) reported a growth rate of 40.0 g 
in 90 days rearing under comparatively lower 
stocking densities of 5000 to 8000/ha in Taiwan 
where prawns and Chanos were cultivated 
together. At a stocking rate of 20,000 tiger 
prawns/ha Sundararajan et al. (1979) observed 
an average weight of 32.26 g in 80 days. 
Growth of prawns in the present experiments 
is comparatively lower at densities of 25,000/ha 
and poorer in higher stocking density of 
40,000/ha. 

Higher survivals obtained in all the ponds 
suggest that survival was not influenced either 
by stocking densities or by comparatively sub
normal water conditions (low oxygen values) 
encountered in one of the ponds. It may be 
attributed that the absence of predators had 

of prawns. However, low oxygen values in 
pond 1 led to the infestation of peritrich 
ciliates {Zoothamnium sp. and Epistylis sp.) on 
prawns 

Under congenial conditions an yield of 
514 kg/ha of tiger prawns in 80 days of rearing 
was achieved (Sundararajan et al., 1979) at a 
stocking density of 20,000/ha from the 1.14 ha 
pond in Santhome Farm during 1977-78. The 
average weight of prawns obtained in this 
experiment was 32.26 g. Compared to the 
above results, an almost equal production 
ranging from 496.5 to 521.2 kg were obtained 
under stocking densities ranging from 25,000 to 
40,000. But the final size and weight attained 
by the individual prawns was far from satis
factory. 
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It was emphasised (Anon, 1977) that prawns 
weighing 33 g and above (30 numbers head 
on/kg) fetch the maximum price in the export 
market. Cook (1976) observed that with only 
fertilization it could be possible to grow upto 
400 kg of shrimps/ha/crop. He also observed 
that longer the culture period the more suscep
tible the crop was to natural calamities. There
fore the objective should be to get maximum 
production of reasonably larger size prawns 
in a shorter rearing period by resorting to 

judicial stocking and optimal fertilization. 
The results obtained indicate that high growth 
rate is always achieved at low stoclcing densities. 
The present experiments suggest that a stocldng 
density of 20,000 number of P. moaodonlha. 
(as observed by Sundararajan et al., 1979) 
could be the optimum. With fertih'zatioa, an 
yield of 500 kg/ha of reasonably larger siz^ 
prawns (30-35 g) could be achieved in 3-4 
months rearing. 
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OF SHRIMP PENAEUS INDICUS m A ' POKKAU' FIELD 

IN VYPEEN ISLAND, KERALA 

U. K. GOPALAN, K. S. PURUSHAN, V. SANTHAKUMARI AND 

P. P. MEENAKSHI KuNJAMMA 

National Institute of Oceanography, Regional Centre, Cochin-682 018 

ABSTRACT 

High density, short-term culture experiments on the shrimp Penaeus indicus were carried out by 
setting three identical enclaves (25 m' each) using plastic netting and bamboo stakes in a paddy-cum-
prawn filtration field at Narakkal during January-April, 1979. Each of the enclaves was stocked with 
SOOjuveniles of 24-48 mm length having a modal size of 36 mm and average weight of 272 mg. Feeding 
with ground-nut oil cake was done once daily at the level of 5 % of the body weight of shrimps. The 
Cultures were harvested after 4,8 and 12 weeks when the survival rates of 85.2%, 81.85% and 65.0% 
respectively were obtained. 

In the first harvest, shrimps measured 69-96 mm with a modal size of 84 mm and weighed 3.76 g 
^ on average. Those netted after 8 weeks had a length range of 75-108 mm with mode at 93.0 mm and 
average weight of 5.35 g which was 1.42 timss greater than that of the preceding. Size range of 
shrimps in the third harvest shifted between 105 and 129 mm with 117 mm at the mode and had an 
average weight of 11.22 g i.e. 42.25 times greater than that of the initial stock. The total yields of 1.601, 
2.186 and 3.646 kg realised from these cultures became equivalent to 640.0, 874.0 and 1458.0 kg/ha. 

Since it is possible to take a minimum of two short-term crops of 12 weeks duration, it is reasonable 
to assume that at 80% harvesting efficiency, the production of about 1750 kg/ha of marketable 
shrimps valued at Rs. 35,000—sould be possible from fertile ' Pokkali' fields of Kerala. 

During the course of experiments the temperature, salinity, pH and secchi disc reading of the 
field varied between 28.5 and 35.5°C, 17.2 and 26.15%,, 7.0 and 7.8 and 35 and 60 cm respectively. 
Diurnal oxygen level fluctuated between 1.0 ml/1 and 6.8 ml/1. 

Results of the present experiment indicate that P. Indicus merits further field experiments as a species 
for short-term, high density farming. 

INTRODUCTION Pillay, 1954 ; Gopinath, 1956; Kestevan and 
SHRIMP CULTURE practice in paddy fields J f . l957) . Studies on the yield and economics 
(PokkaU) of Kerala locally known as of this fishery ra Kerala (George ef A/., 1968 ; 
' Chemmeenkettu' and ' Bhasa-badha' fishery George, 1974) have revealed that the successful 
of West Bengal contributes the largest share commercial operation depends on the avail-
in India's shrimp production from sources ability of four species of penaeid shrimps of 
other than the usual capture fishery. Various which Penaeus indicus figures economically 
aspects of these traditionally existing practices ^ most important though Metapenaeus 
in India have been described by the earlier dobsoni dominates the catches by weight, 
workers (Panikkar, 1937; Me^on, 1954 J Recently, careful retrieval of the undersized 
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juveniles of P. indicus from the day to day bag 
net catches and growing them again in the same 
field to marketable size was found to improve 
the yield considerably (Gopalan et al, 1980). 

Intensive cultivation of selected species of 
shrimps in closed systems though successfully 
experimented in many parts of the world 
(Foster and Beard, 1974; Shigueno, 1975, 
Neal, 1979) does not seem to suit the rural 
economic conditions of India as it involves 
heavy capital expenditure and high technical 
expertise. This has prompted us to investigate 
on how dense a viable short-term monoculture 
of P. indicus could be sustained within the 
carrying capacity of paddy field ecosystem. 
The present communication conveys the result 
of an experiment carried out in this line at 
Narakkal in Vypeen Island, Kerala in 1979. 

The authors wish to express their gratitude 
to Dr. S. Z. Qasim, Director and Dr. T. S. S. 
Rao, Head, Biological Oceanography Division, 
National Institute of Oceanography, Goa, 
for their keen interest and encouragement 
during this investigation. Thanks are also due 
to Dr. M. Krishnankutty, Scientist-in-Charge 
and other colleagues in the Regional Centre 
of NIO, Cochin for their help. We are 
indebted to the leaseholders, Mr. C. N. Gopi 
and partners for their utmost co-operation 
in this study. 

MATERIALS AND METHODS 

Experiments were carried out in a typical 
paddy-cum-shrimp culture field having an area 
of 4 hectares lying adjacent and connected by 
sluice gate with the outer bund canal at 
Narakkal, Vypeen Island. Three identical 
»}uare enclaves (25 m )̂ were made at three 
places in the field selected at random using 
plastic netting (2 mm mesh) and bamboo poles 
in such a way that the lower side of the netting 
penetrated the bottom and the upper side was 
well above the water level. The depth of the 
geld was nearly Im at high tide and 60 cm 

at low tide. After removing the algal patches 
and other obstacles the enclaves were fished 
using a cast net to eradicate the existing 
shrimps, fishes, crabs and such other organisms. 
The bottom of the enclave was made even 
except at the centre were an area of 1 m^ was 
deepened further to get a depth of 1 m at low 
tide. The clogging of the netting by silt, slime 
and algal growth was periodically cleared by 
scrubbing with a brush. 

Each of the enclaves was stocked with 500 
healthy juveniles (2,00,000/ha) of P, indicus 
measuring 24 to 48 mm having a modal size 
of 36 mm and average weight of 272 mg which 
were carefully retrieved from filter bag nets as 
suggested by Gopalan et al. (1980). Feeding 
with ground-nut oil cake was done once daily 
at the level of about 5 % of the body weight of 
shrimp. The cultures were completely har
vested from the enclaves respectively after 4, 
8 and 12 weeks of growth using cast nets and 
hand nets. The harvested shrimps were 
measured (from the tip of the rostrum to the 
distal end of telson) and weighed. 

The normal fishery operations of the experi
mental field were going on in the traditional 
manner. Data on the catch composition, in
come and expenditure and other observations 
for the whole season were regularly recorded 
in a log book. The hydrographic conditions 
of the enclaves, open field and the feeder canal 
were monitored by adopting standard proce
dures (Strickland and Parson, 1965). The 
organic carbon content of the bottom sediment 
was analysed as suggested by El Wakeel and 
Riley (1957). 

RESULT 

The monthly averages of the hydrographic 
parameters monitored during the experimental 
period are presented in Table 1. In general 
the lowest temperature was in Februaty 
(28-30°C) and the highest was in April (33.5-
35.5''C). The temperature of the enclaves 
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TABLE 1. Hydrographic parameters and organic carbon monitored during January-April, 1979 at Narakkal. 

Month 
Temp. Salinity Q, 

Secchi disc Organic 
reading Carbon 

pH (cm) (%) 

Culture enclave 

January 1979 
February ',', 
March „ 
April „ 

Open Field 

January 1979 
February „ 
March „ 
April 

Outer bund canal 

January 1979 
February „ 
March „ 
April „ 

32.6 
30.0 
34.5 
35.5 

32.5 
^8.5 
33.0 
34.0 

'ii.5 
29.0' 
33.0 
33.5 

17.30 
18.20 
22.05 
26.15 

17.20 
18.28 
21.33 
25.44 

16.83 
18.^2 
21.33 
25.81 

2.6' 
3.0 
4.7 
6.5 

i 
2.6 
2.8 
5.0 
6,8 

2.0 
1.6 
3.6 
2.6 

7.2 
7.5 
7.8-
7.8 

7.2 
7.0 
7.4--.^...^ 
7.3 

7.4 
7.0 
7.0 
7.2 

60.0 
56.0 
40.0 
35.0 

60.0 
60.0 
55:0 

1 43.0 

75.0 
70.0 
67.0 
58.0 

0.84 
2.20 
2.88 
4.14 

0.85 
1.15 
1.75 
•2.07 

1.70 
1.85 
2.10 
2.64 

TABLE 2. iniome and expenditure from the traditional method of shrimp culture during 
1978-79 in a 4 hectare area of paddy field 

Item Amount 
(Rs.) 

Item Amount 
(Rs.) 

INCOME 

Sale proceeds from shrimps 
1282.8 kg of M. dobsoni @ Rs. 3.25/kg 
39.75 kg of M. monoceros @ Rs. 8/kg 
782.19 kg of P. indicus @ Rs. 25/kg 
1.0 kg of P. monodon @ Rs. 40/kg 

Sale proceeds from fishes & other items 
3352 kg. of Tilapia @ Rs. 1.10/kg 
512 kg of Etroplus suratensis @ Rs. 5/kg 
350 kg of misc. fishes @ Rs. 12/kg 

Total income 
Income/ha. 
Total Profit 
Profit/hectare 

24,081.85 

6,422.20 

30,504.05 
7,626.01 

803.95 
200.99 

' - • • • 

EXPENDITURE 

Lease amount and liceiice fee 
Sluice fabrication, installation and main 

tenance 
Preparation of field, dykes, canals, eradi 

cation of weeds and predators 

Workshed and canoes 
Lamos, oil, bamboo/plastic screen 
Nets and plastic basins 
Nursery, operation (including feed) 

Contingencies 
Wages of workmen 
Interest on capital ® 15 % 
Harvesting expenditure 
Total expenditure 
Expenditure per hectare 

15,750.00 

1,000.00 
-

300.00 

550.00 
780.00 
650.00 
— 

250.00 
3,650.00 
1,146.50 

. 5,623.^ 
29,700.10 

7,425.02 
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rem|uned relatively higher throughout than 
that of the open field and outside. The salinity 
values showed more or less the same pattern 
of variation from January to April (16.83-
26.l5%o) in all the three areas with relatively 
higher values in the enclaves. As regards 
oxygen, higher values (2.6-6.8 ml/1) prevailed 
in tne open field than that of the enclaves 
whereas lower values (1.6-3.6 ml/1) were seen 
in the outside canal 

The diurnal ' oxygen pulse' of the enclaves 
has been graphically presented (Fig. 1). The 
lowest values (1,0-1.6 ml/1) of oxygen in the 
culture enclaves were noticed during the dawn 
hour?( and highest values (5.0-6.7 ml/1) in the 
afternoon. Values of temperature also showed 
a sipiilar trend as regards minimum and 
maximum. 

algal material were floating in the enclaves 
especially after 10th week. 

The organic carbon values were the same 
(0.84%) in the enclaves and field during the 
beginning of experiment which later increased 
to 4.15% in the enclaves and to 2.05% in the 
open field. The organic carbon values showed 
less variations (2.0-2.64%) outside the field 
during the experimental period. 

The size frequencies of surviving shrimps at 
the end of 4, 8 and 12 weeks and that of the 
initial stock are presented in Fig. 2. Of the 
500 individuals stocked in each of the three 
enclaves 426 (85.2%), 409 (81.8%) and 325 
(65.0%) individuals respectively could be har
vested by the end of 4, 8 and 12 weeks (Fig. 2). 
In the first harvest shrimps measured 69-96 mm, 

• JANUARY 

« FEBRUAPtY 

« APRIL 

12 14 16 18 2 0 

HOURS OF THE DAY 

Fig. 1. Diurnal variation in dissolved oxygen in the monoculture enclaves during January-April 1979. 

84 mm and weighed The pH values in all cases were 7 and above 
with higher values (7.5-7.8) in the enclaves 
duriixg February-March. An increasing trend 
in turbidity of the enclaves as well as the open 
field is reflected in the secchi disc reading. 

with the modal size 
3.76 g on an average. 

Those netted after 8 weeks had a length 
range of 75-108 mm with mode at 93 mm and 
average weight of 5.35 g which was 1.42 

Scum of waste comprising dead and decaying times greater than that of the preceding 
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12th WE£K 

105108 III 114 11700123136129 

6th WEEK 

I20r 

75 78 8164 8790 93 96 99102105108 

4th WEEK 

69 72 75 78 8184 6790 93 96 

J] 
SEED 

Ol—.—»-
24 27 30 33 36 39 42 45 48 

LENGTH IN MM 

Fi^ 2. Tiie size frequencies of Penaeus ituUcus stocked and 
! harvested after 4,8 and 12 weeks by monoculture. 

Size range of shrimps in the third harvest 
was 105-129 mm with mode at 117 mm and had 
an average weight of 11.22 g whichi.was 
42.25 times greater than that of the initial stock 
and 2.1 times|more than the preceding. 

Thus total yields of 1.601, 2.186 and 3.646 kg 
were harvested respectively from the three 
culture enclaves from an initial stock of 
136.2 g in 25 m* area. This becomes equi
valent to 640.4, 874.4 and 1458.4 kg/ha. 

The growth rates of shrimps calculated from 
the first, 2nd and 3rd^harvest respectively were 
1.71, 1.02 and 1.13 mm per day. 

The yield and economics of the experimental 
field which was operated in the traditional 
manner has been given (Tabl^ 2>fbr comparisdn 
with that calculated (Table 3) from the results 
of the monoculture of P. indicus. Only ^ % 
of the production available during January-
April is anticipated for the crop during October-
January, 

Of the 2105.74 kg of shrimps realised from 
the 4 ha field, M. dobsoni was 1282,8 kg, 
P. indicus 782.19 kg, M. monoceros 39.75 kg 
and p. monodon 1 kg. This works out to an 
average yield of 525.44 kg/ha. 

The fish catch comprised mainly of 3352 kg 
of Tilapia and 512 kg of Etroplus suratensis. 
About 350 kg of miscellaneous species (crabs, 
Eels, Ambasis sp., Etroplus maculatus, Barbus 
sp., Arius sp., Meglops sp., Gobius sp.) were 
also caught from the same field. Thus the 
average yield of edible s'^ies other than 
shrimps was 1053.5 kg/ha, which makes a 
total yield of 1579,94 kg/ha. 

DisewssioN 

From the results of the present experiiiu^ 
it can be seen that P. indicus stocked under a 
density of 2,00,000/ha attained markel^ble size 
(11,22 g) after 12 weeks of growth with a 
fairly reasonable rate of survival (65,0%). 
The yields of 640.4, 874.4 and 1458.4 kg/ha 
wtich are obtainable respectively after 4, 8 and 
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12 weeks of monoculture of P. indicus suggest 
the advantages of short-term, high density 
fanning of this species in ' Pokkali' fields. 
THis ^ e n compared to the total yield of 
shrimps (526;44 kg/ha) obtained during the 
season 1978-79 from the traditionally operated 
field (Table 2) is highly attractive. 

50,000-2,00,000/ha (Mammen, 1978; Rao, 
1980 ; Sebastian et al., 1980) seem to be 
reasonable. However Siddharaju et al. (1980) 
have reported still higher stocking densities 
(40-70/m^) in which a production of 390 g/m^ 
was obtained at Kovalam in cage culture of 120 
days duration. 

TABLE 3. Statement showing the income and expenditure estimated from the results of the 
experimental monoculture of P. indicus (Rs./ha) 

Item Amount 
(Rs.) 

Item Amount 
(Rs.) 

INCOME 

StJe proceeds of shrimp 
At 80% harvestinaefflcienpy and @ Rs. 20/kg 

(Value of the 1166.72 kg of prawns avai
lable during Jan.-April) 

Value of the 50% of the above expected from 
the crop during Oct.-Jan. 

23,334.40 

11,667.20 

Total income 35,001.60 

EXPENDltURE 

Profit 

Lease amount and licence fee 
Sluicegate 
Preparation of field 
Cost of stocking material and transporta

tion (2,00,000/ha) 
Auxiliary feeding 
Wages for workmen 
Interest on capital investment @ 15 % 
Harvesting expenditure @ Rs. 3/kg 
Handling and marketing charges 
Contingent expenditure 

Total expenditure 

5,000.00 
1,000.00 
1,000.00 

4,000.00 
1,000.00 
3,600.00 

562.50 
5,253.00 
1,000.00 

500,00 

22,915.00 

In India very little information is available 
on the monoculture of P. indicus, as attempts 
in this line began only in recent years. Some 
estimates on the stocking density and yield of 
t̂ îs species reported from various brackish 
water systems in Ijidia are presented for com
parison (Table 4). As can be read from the 
table relatively higher yield of P. indicus 
(704.4 kg/ha) was obtained in 70 days of culture 
under a stocking density of 37,000/ha (Sundara-
rajan et al, 1980). About twice this quantity 
obtained in the present case can mainly be 
iitributed to the high stocking density applied. 
In this perspective the recent estimates of seed 
requireittent for the intensive cultivation of 
P, indicus in Kerala waters ranging from 

The rates of growth and survival of P. indicus 
vary considerably not only in relation to stock
ing density but to the environmental charac
teristics pievailing in different water systems. 
In the monoculture enclaves as well as in the 
open field at Narakkal a gradual increase in 
environmental parameters (Table 1) could be 
seen from January to April, a c&mmon feature 
of the backwaters during the season. The 
gradual degradation of the paddy stumps might 
be enriching the field with organic matter and 
at the same time leaching of nutrients into the 
overlying water enhances the photosynthetic 
activity which is reflected in the diurnal varia
tion in the oxygen level. Tliese factors seem 
to accelerate the growth of shrimps in paddy 



TABLE 4. Comparative statement of stocking and harvesting in the monoculture of P. indicus in various brackish water regions in India 

m 

Stocking density (No./ha) of/»• indicus . 

Size at stocking (mm) 

^xe at barest (mm) 

Culture days 

Rate of survival ( %) 

Average growth/day (mm) 

Estimated totel production kg/ha. 

Santhome Fish Farm, 
Madras 

(Sundararajan et al., 
1980) 

. 70,000 

42.2 

. 130.7 

. 130 

32.2 

0.68 

. 301.8 

37,000 

48.5 

147.5 

70 

91.5 

1.41 

704.4 

. Place/Reference 

Brackish water Exp. 
. Fish Farm, Ka^dwip 

50,000 

24.0 

97.3 

90 

57.2 

0.81 

475.0 

25,000 

20.0 

100.00 

70 

55 

1.14 

310.0 ' 

Brackish 
water. 

Fami, 
Kakinada 

70,000 

45.00 

120.0 

180 

— 

— 

243.14 

2,00,000 

36.00 

83.34 

28 

85.2 

1.72 

640.0 

Present data 

2,00,000 

36.00 

91.93 

56 

81.8 

1.01 

874.0 

2,00,000 

36.00 

115.94 

84 

65.0 

0.96 

1458.0 
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fields during this period. The accumulation 
of photosynthetic material, unconsumed food, 
dead animals and metabolic wastes might have 
resulted in the higher value of organic carbon 
(4.14%) within the enclave at the end of the 
experiment. The formation of the floating 
patches of scum is the outcome of these de
composing organic material. This has pro
duced a state of pollution which can be under
stood from the drastic fall of oxygen level 
(1 ml/1) particularly at night. The relatively 
low survival noticed among the larger indi
viduals as shown in the histogram clearly indi
cates the adverse effect of the deteriorating 
medium though the oxygen minimum was well 
above the suffocation level for penaeid shrimps 
as proved by Shigueno (1975). However 
surfacing of larger shrimps during the early 
hours of the day observed in the enclave 
especially after the 10th week suggests their 
Intolerance to the decreased oxygen content 
as observed by Subramaniam (1962) in the same 
species. This indicates the inability of the 
medium to support dense cultures like this for 
longer period. 

It could be seen from the data (Table 2) that 
the shrimp yield from the traditionally operated 
field (526.44 kg/ha) continued to show a down

ward trend in recent years as has been pointed 
out by Gopalan et al. (1980). At the same time 
total production including fishes (1492.44 kg/ha) 
showed a marginal increase which is mainly 
due to the dominance of Tilapia which has 
been treated as a pest in brackish waters of 
Indonesia, Ceylon and Thailand (Pillai, 1972). 
The yields of 640.0, 874.0 and 1458.0 kg/ha 
obtained respectively after 4, 8 and 12 weeks 
of monoculture of P. indicus suggest the lines 
for future planning and development of paddy 
field shrimp culture. 

On the whole the results of the present 
experiment reveal potentiality of paddy field 
ecosystem of Kerala to sustain a many fold in
crease in the production of quality shrimps. 
If carefully managed, two short-term, high 
density crops of P. indicus are possible during 
the non-paddy season. Nevertheless the pre
sent data has its limitations as it is projected 
from the operation of relatively smaller area 
(25 m*) which facilitated the harvesting of 
all the surviving shrimps. In larger systems 
percentage recovery may not exceed 80% of 
the surviving shrimps. With this allowance 
it can be estimated that a total of 1750.08 kg/ha 
of shrimps valued at Rs. 35,001.60 could be 
harvested in two crops. 
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PRAWN SEED RESOURCES OF THE ESTUARIES IN THE MANGALORE AREA 

S. RAMAMURTHY 

Central Marine Fisheries Research Institute, Cochin-6%1018 

ABSTRACT 

A survey of the juvenile prawn resources of three estuaries viz., at Kasaragod, Mangalore and 
Mulki along the Karnataka coast was undertaken during 1969-72 by operating a drag net. The magia< 
trfde of the resource and its composition (species and size-wise) and the seasons of availability are dealt 
with in this account. The envirohniental parameters such as temperature and salinity are also 
presented. 

INTRODUCTION 

PRAWNS constitute about one seventh of the 
total marine fish production of India (CMFRI, 
1979). Nearly two thirds of the prawn produc
tion is by the penaeid group which is of great 
export value. However, the exploitation of a 
natural resource has got its own limitations. 
Hence, there has been a global awakening to 
find out ways and means of augmenting fish 
production through coastal aquaculture. 

It is well known that penaeid prawns spend 
their early life in the estuaries and near shore 
waters. The estuarine phase in their life history 
affords ample scope for collection of fry and 
stocking them for culture purpose. Though 
the Karnataka Coast has about 5000 ha. of 
estuarine areas, no information is available 
regarding the occurrence of prawn fry except 
for an account on the capture fisheries of the 
Mangalore Estuary (Ramamurthy, 1972). A 
knowledge of the availability of prawn fry and 
its composition in space and time is essential 
for planning aquaculture on scientific basis. 
The present paper deals with these aspects 
from three estuarine systems during 1969-72. 
Besides, the environmental parameters \iz., 
temperature and salinity have also been 
considered. 

The author is thankful to his colleagues 
Shri G. Subramanya Bhat for his help in the 
illustration"; and Mrs. P. V. Shanbhag and 
Shri B. R. Dalvi for secretarial assistance. 

MATERIAL AND METHODS 

The material for this study came from 3 
estuaries namely, the Chandragiri Estuary at 
Kasaragod in the south and the Shambhavi 
Estuary at Mulki in the north with Gurpur 
Estuary at Mangalore in between these two 
centres. Though Kasaragod is in Kerala, in 
view of its close proximity, it is considered 
along with other centres of the Karnataka 
Coast. While the study centre at Mangalore lies 
within a distance of 1 km from the bar, the 
other centres are about 1| km from the bar. 

A drag net consisting of 5 pieces (5.0 x 
2.7 m each) with a stretched mesh varymg from 
0.9 to 2.5 cm was operated at ebb tide between 
0630 and 0830 hrs. in depths of 0.5-2.5 m-
The net was cast in a semicircular pattern from 
a boat and then dragged at either ends towards 
the shore. The number of hauls on a day 
varied from 3 to 5. Normally the frequency 
of fishing was twice a month and was carried 
out during the 3rd and 5th day following the 
full/new moon. During January-March 1969, 

Present Address : Bombay Research Centre of CMFRI, Bombay. 
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fishing was also conducted in the evening to 
get a comparative picture of the yield at 
different times of the day. During the mon
soon (June-August) fishing operations became 
often impossible due to the swollen nature of 
the rivers. 

The weight of the prawn and fish catch was 
separately recorded. Random samples of the 
prawn catch were sorted out species-wise and 
their weight and total length (from the tip of 
rostrum to the tip of telson) were recorded. 
The CPUE is expressed in terms of a haul. 
Since each haul is estimated to cover an area 
of about 50 sq.m the CPUE is also regarded 
as density per 50 sq.m. Salinity was estimated 
by the Mohr's method of titration of chlorides. 

HYDROLOGICAL CONDITIONS 

All the estuaries have connection with the 
sea throughout the year. The bottom is 
muddy, mixed with sand. The tidal difference 
varied from 0.15 to 1.80 m depending upon 
the phase of the moon. 

The surface temperature and salinity values 
on the observed days at the three centres during 
the different years are plotted in Fig. 1. 

Kasaragod : The temperature varied from 
24.5°C during July 1971 to 32.5°C during 
April 1969. Generally, it remained high during 
March-April (30.0-32.5°e) and low during 
June-August (24.5-28.0°C) coinciding with the 
monsoon. A secondary rise in temperature 
was noticed during October-November (29.0-
31.0°C). However, during 1971 and 1972 
this occurred in August (29.2°C) and December 
(32.1°C) respectively. 

Salinity ranged from 0.37 %o during August, 
1970 to 34.90%, during April, 1972. The 
values were high during Jan-April (27.93-
34.90 %„) with peak during March-April. 
During 1969, however the peak was observed in 
May. With the onset of monsoon the values 

11 

gradually declined and touched lowest values 
during July-August (0.37-2.20 %„). Subse
quently the salinity steadily registered a 
increase to reach the peak in the summer 
months. 

Mangalore : The range in temperature and 
salinity values was respectively from 25.9°C 
in July, 1972 to 31.8°C in April, 1969 and from 
0.37 %,, in August,1970 and July, 1972to 34.72 %„ 
in April, 1969. The seasonal variations were 
generally similar to these at Kasaragod. How
ever the peak values in temperature (30.8-
31.0°C) were recorded during May of 1971 
and 1972. 

Mulki: The minimum and maximum values 
for temperature and salinity were respectively 
25.2°C in August, 1970 and 32.5°C in April, 
1969 and 0.24%, in August, 1971 and 36.47 %„ 
in May, 1972. The seasonal trends were 
similar to those at the other two centres. 

JUVENILE PRAWN RESOURCE 

The annual average catch of fi^h and prawns 
and the constituent species with their per
centage composition is shown in Table 1. 
Figs. 1-4 depict the catch of prawns and the 
various species with size range and mean length 
on the observed days. 

The prawn catch showed wide variations. 
It surpassed the fish catch quite often during 
October-December and occasionally during 
August-September, February and April. 
90-95% of prawns belonged to the penaeid 
group comprising of mostly Metapenaeus 
dobsoni, Penaeus indicus, M. monoceros and P. 
merguiensis. Species of lesser importance were 
P. monodon and P. semisulcatus. M. affinis, 
M. burkemoadi and Parapenaeopsis stylifera 
were rarely caught. The non-penaeids were 
represented by Macrobrachium idae and M. 
rude. Crabs {Scylla serrata) were occasionally 
caught in appreciable numbers. 



TABLE 1. Annual prawn catch composition at different centres (CPUE in g ; numbers in parenthesis) 

Year Af. M. M. P. P. P. P. M. Non-
dobsoni monoceros affinis indicus merguien- monodon semisul- burken- Penaids 

sis catus roadi 

Total Fish Prawns 
prawns percentage 

Centre: KASARAGOD 

1969 
(%Wt) 
• 

1970 

1971 

1972 

Average 
(%Wt) 

90.7(123) 
68.8 

17.6(58) 
28.3 

100.2(394) 
72.1 

57.7(59) 
51.9 

66.5(159) 
59.9 

6.1(5) 
4.6 

14.3(17) 
23.0 

12.8(23) 
9.2 

30.6(29) 
27.5 

16.0(19) 
14.4 

— 

0.4 
0.6 

__ 

_̂ 

0.1 
0.1 

29.4(13) 
22.3 

24.2(22) 
38.9 

21.2(88) 
15.3 

9.7(30) 
8.7 

21.1(38) 
19.0 

1.6(1) 
1.2 

„ 

«.. 

• _ 

0,4 
0.4 

3.0 
2.3 

0.2 
0.3 

3.2 
2.3 

1.3 
1.2 

1.9 
1.7 

— 

_ 

0.8 
0.7 

0.2 
0.2 

1.0 
0.8 

5.5 
8.9 

1.5 
1.1 

11.0 
10.0 

4.8 
4.3 

131.8 

62.2 

182.5 

126.6 

42.2 

32.9 

138.9 157.8 46.8 

111.1 189.0 37.0 

Ul.O 164.0 40.0 

t 
I 
i 



Centre: MANGALORE 

1969 

1970 

1971 

1972 

Average 

1969 

1970 

1971 

1972 

Average 

11.1(16) 
27.2 

26.2(48) 
53.8 

65.2(287) 
72.4 

60.0(198) 
55.1 

40.6(137) 
56.3 

1.6(1) 
3.9 

3.7(2) 
7.6 

4.6(5) 
5.1 

8.6(7) 
7.9 

4.6(4) 
6.4 

0.2 
0.5 

^ 

0.1 
0.1 

0.2 
0.2 

0.1 
0.1 

12.4(3) 
30.4 

14.4(8) 
29.6 

17.4(8) 
19.3 

22.9(12) 
21.0 

16.8(8) 
23.3 

12.6(3) 
30.9 

1.3 
2.7 

— 

2.5(1) 
2.3 

4.1(1) 
5.7 

1.1 
2.7 

2.1(1) 
4.3 

0.2 
0.2 

5.1 
4.7 

2.1 
2.9 

— 

—. 

1.5 
1.4 

0.4 
0.6 

1.8 
4.4 

1.0 
2.0 

2.6 
2.9 

8.0 
7.4 

22.7(91) 
39.2 

8.2(47) 
49.4 

45.3(136) 
64.0 

8.8(61) 
25.7 

21.3(84) 
47.4 

3.5(2) 
6.0 

1.2(2) 
7.2 

8.7(12) 
12.3 

1.5(5) 
4.4 

3.7(5) 
8.3 

0.4(2) 
0.7 

0.1 
0.6 

_ 

0.1 
0.2 

21.7(13) 
37.5 

5.8(16) 
35.0 

13.7(48) 
19.3 

18.8(47) 
55.0 

15.0(31) 
33.4 

Centre: MULKI 

7.8(4) 
13.5 

0.9(1) 
5.4 

— 

0.3 
0.9 

2.3(1) 
5.1 

0.3 
0.5 

0.1 
0.6 

2.1 
3.0 

2.5 
7.3 

1.3 
2.9 

_ 

1.0 
2.9 

0.2 
0.5 

0.1 
0.2 

_ 

«, 
— 

. . 

1.4 
2.4 

0.3 
1.8 

1.0 
1.4 

1.3 
3.8 

1.0 
2.2 

40.8 1460.7 2.7 

48.7 234.9 17.2 

90.1 124.1 42.1 

108.8 136.5 44.3 

3.4 72.1 489.0 12.8 
4.7 

57.9 258.3 18.3 

16.6 118.7 12.3 

70.8 136.2 34.2 

34.2 149.9 18.6 
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KASARAGOD MAN6AL0RE MULKI 

Fig. 1. Seasonal variations in surface temperature, salinity and juvenile prawn catch at 
different centres during 1969-72. 
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KASARAGOD MAN«A10RE MULKI 

Fig. 2. Seasonal abundance of juvenile M. dobsoni in CPUE and size composition at 
different centres during 1969-72. 

The fish catch consisted mostly of species of 
Ambassis, Mugil, Stolephorus, Thrissocles, 
Tachysurus, Lates, Therapon, Sillago, Gerres, 
Etroplus, Tilapia and Platycephalus. 

Polyzoans and sea-weeds appeared in con
siderable quantities during January-M^rch of 
1971 îxd 1972 ^t Mulki, 

The salient features of observation at the 
diflFerent centres are summarised below: 

Kasaragod: Prawns constituted 32.9 to 
46.8 % of the total catch during the diflferent 
years. The catch was generally poor during 
the monsoon months when the estuarine areas 
wer^ freshened due to influx of rSfin w^t^r. 
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Fig. 3. Seasonal abundance of juvenile P. iruflcus in CPUE and size composition at 
different centres during 1969-72, 
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The peak period of prawn catch was generally M. dobsoni was more common during 1969 
in the post-monsoon period and was noticed in and 1971. The period of abundance was 
December, March, I>ecember and September September-December. During 1971, it was 
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I J l F l M ' A ' M i J i J ' A l S ' Q l N ' D ' i j ' F l M l A i M j ' j l A - l s l Q l N l D l Q ' F I Ml A I M ' J ' J I A ' S I Q I N ' O ' 

KASARA60D MANGALORE MULKI 

Fig. 4. Seasonal abundance of juvenile M. monoceros in CPUE and size composition at 
different centres during 1969-72. 

respectively during the four years of study, abundant in February also. P. indicus was 
The chief species was M. dobsoni followed by better represented during 1970 and 1971. The 
P. indicus and M. monoceros. However, species was common during January-March 
during 1970, P. indicus was the predominant and November-December. M. monoceros 
species. * was rare in 1969. Bwt it was of common pccwi-
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rence during June, August and November in 
1970, February-August in 1971 and September-
November in 1972. 

Mangalore : The prawn component varied 
from 2.7 to 44.3% of the total catch. The 
peak occurred during September, November, 
April and November during the four years 
respectively. The species composition was 
similar to that at Kasaragod. P. indicus, however, 
was the major species during 1969. Another 
notable feature Was the occurrence of P. 
merguiensis in appreciable quantities during 
this year. 

M. dobsoni was poorly caught during 1969 
and 1970. The peak occurrence was during 
September-November. During 1971 and 
1972, this species was very common in April 
also. P. indicus was more common during 
1971 and 1972. The peals was during March-
May. M. monoceros was poorly represented 
except in 1972, when the peak was during 
September-October. 

Mulkii: The percentage composition of 
prawns in the total catch varied from 12.3 to 
34.2. The maximum catch of prawns was 
noticed in December except during 1971 when 
it was in November. The catch composition 
was similar as before. However, during 1972, 
P. indicus outweighed M. dobsoni. P. merguien
sis Was also well represented during 1969. 

M. dobsoni was common in 1969 and 1971. 
The peak occurred during October-December. 
P. indicus had better representation during 1971 
and 1972. The period of abundance Was 
February-March and November-December. 
M. monoceros was caught in fair magnitude 
only during 1971, the peak period being August-
October. 

The resources characteristics of the three 
major species at the various centres are given 
in Table 2. 

Among the species of lesser importance, 
i4. a^nis an4 P. mmodon were caught more 

frequently at Mangalore during January-May 
than at the other centres. The former ranged 
from 16 to 76 mm with mean length 25-45 mm 
being predominant. The latter measured 
31-178 mm with mean length 45-80 mm being 
common. P. semisulcatus and M. burkenroadi 
were rare and occurred during February-June 
in the size range of 25-104 mm and 17-81 mm 
respectively. 

DIURNAL VARIATIONS IN CATCH 

The prawn Oatch Was observed to be better 
in the evening than in the morning during 
January-February and vice versa during March 
(Tables 3, 4). The ebb tides were also lower 
in the evening than in the morning during the 
two months and vice versa in March. Thus 
it is evident that the prawn catch was better 
when the tidal difference was greater. There 
were, however, no significant differences in the 
catch and size composition of the species. 

GENERAL REMARKS 

One striking feature that has emerged from 
the present study is that the resource of juvenile 
penaeids in the various estuaries decreases 
from south to north along the coast. Thus 
the Kasaragod Estuary supports the most 
abundant resource and the Mulki Estuary the 
least abundant. The composition of the popu
lation has been, however, observed to be more 
or less identical at all the centres and akin to 
that of the Cochin Backwaters observed by 
Kuttyamma and Antony (1975). 

Of the three major species viz., M. dobsoni, 
P. indicus and M. monoceros which occurred in 
the order of abundance, all except the second 
one were caught almost throughout the yeaf, 
though variations were noticed in their abun
dance. M. dobsoni had the peak generally 
during September-December and ocdasionally 
during February-April and July. It is ^sU-



TABLE 2. Resource characteristics of penaeid species at various centres 

Centre 

Kasaragod 

• 

Mangalore 

^ 

Mulki 

Species 

M. dobsoni 

P. indicus 

M. monoceros 

M. dobsoni 

P. indicus 

M. monoceros 

M. dobsoni 

P. indicus 

M. monoceros 

Range in maximum CPUE values 

In Grams 

1&(V841 
(Dec. '70) (Dec. '69) 

64-286 
(Nov. '72) (Mar. "70) 

40-129 
(June '69) (Nov. '72) 

119-600 
(Sept. '69) (Apr. '71) 

52-92 
(May'69) (Mar.'72) 

12-56 
(May'71) (Sept.'72) 

30-267 
(Dec.'70) (Dec.'69) 

16-130 
(Jan.'70) (Jan.'69) 

23-52 
(Oct.'69) (Aug.'71) 

In numbers 

321-4214; 
(Dec. '70) (Feb. '71) 

37-925 
(Dec. '69) (Feb.;'71) 

38-200 
(June ' 69) (Nov. '72) 

148-3750 
(Sept. '69) (Apr. '71) 

12-81 . 
(May'69) (Feb.'72) 

8-42 
(Feb.'70) (Oct. "72) 

163-942 
(Dec.'70) (Dec'69) 

28-266 
(Jan.'69) (Feb.'71) 

10-40 
(Oct.'69) (Aug.'71) 

Size range in mm 
(Jan.-June) 

Total 
length 

14-44 

14-124 

14-84 

12-661 

20-134 

17-102 

8-57 

14-116 

14-98 

Common 
mean length 

20-30 

20-40 

20-50 

20-30 

70-90 

60-80 

20-30 

25-40 

20-40 

Size range in mm 
(July-Dec.) 

Total 
length. 

14-72 

21-124 

13-96 

8-68 

20-118 

18-108 

12-62 

18-130 

20-104 

Common 
mean length 

40-50 

80-95 

40-65 

35-50 

20-50 

40-60 

25-45 

35-50 

40-60 
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TABLE 3. Catch details of morning haul at Mangalore (CPUE in g and numbers in parenthesis) 

Date Lowest 
tide (m) 

Fish Prawns Species of prawns 

M. M. mono- M. affinis P. indicus P. mergmen- P. mono- Others 
thenni e»otnw VIC nftWI dobsoni ceros SIS don 

7.1.69 
Size range (mm) 
Mean length („) 

0.86 173.0 39.0 0.9(2) 
34-54 
43.2 

0.5 
51-57 
54.3 

8.0(1) 
64-113 
95.0 

29.4(6) 
54-104 
86.0 

0.2 

21.1.69 
Size range (mm) 
Mean length („) 

0.59 52.0 42.0 3.0(5) 
27-58 
47.0 

2.0(2) 
34-80 
63.0 

34.0(7) 
47-133 
94.0 

1.0(1) 

52.0 

2.0 > 
> 
s 
CI 4.2.69 

Size range (mm) 
M^n length („) 

0.76 202.0 10.0 0.3(1) 
36-40 
38.0 

0.5 
54-72 
63.0 

2.3(3) 
27-72 
44.0 

1.8 
38-112 
75.0 

4.4(1) 
68-113 
80.0 

0.6 
41-79 
70.0 

0.1 

17.2.69 
Size range (mm) 
Mean l^igth (,,) 

0.64 109.0 10.0 — 0.6 0.2 
35-60 

3.0 
51-117 
83.0 

6.2(1) 
74-121 

100.0 

6.3.69 
Size range (nun) 
Mean length („) 

0.47 219.0 66.0 2.1 
63-95 
79.0 

0.4 
28-54 
40.0 

20.4(4) 
38-125 
98.5 

38.0(10) 2.4 
72-115 75-95 
88.7 80.0 

2.7 

20.3.69 
Size range (mm) 
Mean length („) 

0.27 515.0 27.0 2.5(1) 
41-80 
65.8 

0.3 8.5(1) 
78-128 
110.0 

13.5(3) 
70-105 
87.8 

2.2 



TABLE 4. Catch details of evening haul (CPUE in g and ntimbers in parenthesis) 

Date Lowest 
tide (m) 

Fish Prawns 
Species of prawns 

M. 
dobsoni 

M. 
monoceros 

M. 
affinis 

P. 
indicus merguien- monodon 

Others 
CO 
CO 
w 
D 

CA 
O 
G 

O 
w 
VI 
O 
•Tl 
W 
CO 

H c 
> 
JO 
t—< 

w 
O 

> 
Z 

o 
> 
o 
w 
> 
> 

7.1.69 
Size range (mm) 
Mean length („) 

0.35 215.0 82.0 20.0(35) 12.0(10) 2.0(2) 12.0(3) 36.0(11) 
37-51 37-81 40-50 84-108 52-98 
42.0 55.0 46.0 95.0 80.0 

21.1.69 
Size range (mm) 
Mean length („) 

0-29 712.0 150.0 74.0(72) 
42-61 
52.0 

7.0(4) 
57-80 
66.0 

8.0(22) 
24-53 
37.0 

150(5) 
34-122 
70.0 

46.0(40) 
21-74 
43.0 

4.2.69 
Size range (mm) 
Mean length („) 

0.33 137.0 27.5 0.2(1) 
33-40 
37.0 

13.7(15) 4.2(1) 8.3(2) 0.3 
25-92 100-112 73-84 29-65 
48.0 107.0 79.0 47.0 

0.8 

17.2.69 
Size range (mm) 
Mean length {.,) 

0.24 120.0 155.0 18.0(112) 6.3(3) 
19-39 61-104 
28.0 74.0 

42.5(64) 49.0(5) 22.5(4) 11.7(2) 
21-71 99-136 82-104 74-91 
46.0 118.0 94.0 80.0 

5.0 

6.3.69 
Size range (mm) 
Mean length (,,) 

0.55 218.0 56.0 0.1 
20-24 
22.0 

0.7 
37-61 
47.5 

0.7 
28-60 
46.0 

22.0 
67-121 
99.1 

15.8 16.7 
68-104 31-170 
81.1 105.0 

20.3.69 
Size range (mm) 
Mean length („) 

0.62 246.0 230 4-3 
47-93 
71.4 

0.5 
55-62 
58.5 

8.1 
50-108 
93.4 

5.9 
68-103 
89.4 

0.7 
48-70 
59.0 

3.5 
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mated from the present study that over eight 
lakh seeds/ha could be collected during the 
peak season at Kasaragod. P. indicus was of 
common occurrence during February-May 
and November-Dacembsr. It was virtually 
absent during the monsoon when the salinity 
of the estuarine areas Was reduced almost to 
fresh water condition du3 to influx of rain 
water. Nearly two lakh 'seeds/ha is the esti
mated potential at Kasaragod. Mulfci appears 
to be the next bast centre for seed collection of 
this species with a potential of over half a lakh 
seeds/ha. M. monoceros was the least 
abundant and occurred relatively more during 
August-October with a potential of 0.4 lakh 
seeds/ha at Kasaragod. 

Despite the preponderance of M. dobsoni 
in the catches, this species is uneconomic for 
culture purpose since it grows to only 13 cm 
in the sea, the maximum size recorded in the 
backwaters being 9 cm (Menon and Raman, 

1961). On the other hand, P. indicus attains 
a size of 14 cm in the backwaters and grows 
to a maximum size of 23 cm in the sea. In 
view of its comparatively faster rate of growth 
(George, 1975), P. indicus holds immense scope 
for aqiiaculture. Taking into consideration 
the stookable size, the best period for collection 
of fry is January-March (particularly on days 
when the tidal difference is greater) when 
juveniles of 2-4 cm long are available. 

The Mangalore Estuary has a relatively 
better representation of P. monodon, the 
'jumbo tiger prawn' which grows to 32 cm 
in the sea. In the backwaters, sizes upto 15 cm 
are known to occur (Subrahmanyam and 
Ganapati, 1975). Perhaps a more efficient 
method of collection as practised in Philippines 
(Bardach etal., 1972) can be adopted to aug
ment the seed requirements for culture of this 
species. 
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PRAWN SEED CALENDARS OF COCHIN BACKWATER 

C. SUSBBLAN AND M . KATHIRVBL 

Central Marine Fisheries Research Institute, CocAm-682 018 

ABSTRACT 

The paper presents a consolidated monthly picture of the availability of penaeid prawn seeds 
in Cochin backwater (between Thoppumpady and MulaMukad) based on the results of routine moni
toring studies carried out from 1967 to 1979, using plankton net, try net (miniature trawl) and velon 
screen drag net. The prawn seed population, comprising postlarval and early juvenile stages, is repre
sented by thirteen species, of which, Metapenaeus dobsoni, M. affinis, M. monoceros, Penaeus indicus and 
P. semisulcatus are the most common. While M. dobsoni forms the chief constituent in the plankton 
collections (88 %) and try net catches (46%), P. indicus predominates in the velon screen drag nets 
(93 %) operated in shallow areas close to the shore. M. affinis occurs in greater abundance in the deeper 
areas as evidenced by its high percentage (45 %) in the try net catches. 

The environmental conditions of the backwater and the relative abundance and size distribution 
of the seeds of different species as represented in the three methods of collections are summarised 
month-wise. Although prawn seeds are available throughout the year, the peak seasons of important 
species are August-January for M. dobsoni, May-July for M. affinis, December-April for M. monoceros, 
March-May for P. indicus and January-March for P. semisulcatus. 

INTRODUCTION dance of different species in space and time. 
The studies so far conducted from this area 

AVAILABILITY of adequate quantity |,f the seeds ^^^ ^^^^^ ^f ^ g^^g,^ ^^^^^^ ^^ the recruit-
of desired species at the appropriate time is ^^^^ ^^^ ^-^^^^ ^f some species, with little 
one of the important factors that determine g^phasis on their seed resources (Menon and 
the success of prawn culture. Estuaries and R ^ J J ^ ^ j^gj . Q^^^^^^ jggja, 1962b, 1963 ; 
backwaters are the important sources of prawn ^^^^^^^ j^^S ; Mohamed and Rao, 1971; 
seed m nature as most of the cultiyable species ^^^ ^^^ Kathirvel, 1971; Kuttyamma. 1975 ; 
of prawns spend their juvenile phase in these Kuttyamma and Antony, 1975). Therefore, 
environments. The Cochin backwater system in ^ ^^^^^^^ j ^ ^^^^ ^^^^ ^^ ^raw up seed calen-
Kerala is the largest nursery ground for penaeid jars for this backwater based on the results 
prawns in the west coast, where large scale ^f routine monitoring studies carried out from 
prawn culture is carried out traditionally as i967to 1979, With particular reference to penaeid 

prawns. well as on modem scientific lines. The fast 
expansion of culture fisheries now taking place 
in this region entails greater demand for the The material for this study Was collected by 
seed and the necessity for increased search for Weekly operation of three types of nets namely a 
them in this ecosystem. For a judicious exploi- half-metre plankton net (1967-71), a velon 
tation of this resource it is essential to have pre- sCTeen drag net (l977-'79) and a try net (1969-77) 
else information'on the distribution aihd abun- at different stations in the backwater between 
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Thoppumpady and Mulavukad (Fig. 1). The 
sampling with these different types of nets was 
attempted in order to cover all the areas occu
pied by the diflfrerent developmental stages of 
the prawns from postlarvae to early juveniles. 
The plankton net was towed against the current 
for 10 minutes near the bar mouth in the early 

time during the high tide and low tide periods 
of the day alternatively at Thoppumpady and 
Mulavukad. Data on salinity and temperature 
of the surface Water Were also recorded. The 
samples of seeds were analysed qualitatively 
and quantitatively and length measurements re
corded for those obtained in the drag net and 

R - Ramanthurulhu 
r - Thoppumpady 

Fig. 1. Map showing the sampling stations. 

hours of the day. The velon screen drag net, 
measuring 2 m long and 1 m wide, was drag
ged parallel to the shore for 2 minutes in the 
shallow near shore areas at Ramanthuruth in 
the morning. The try net, a miniature traWl 
specially designed for collecting prawn samples 
from deeper areas of the backwater measuring 
4 m in overall length (5.4 m head rope and 
5.4 m foot rope. With mesh size of 8 mm 
throughout). Was operated for 15 minutes each 

try net. The size of the seed Was measured 
from the tip of rostrum to the tip of the telson. 

The data thus collected were analysed in 
detail and monthly abundance of the seed 
of different species Was Worked out in terms 
of niunber/haul for each type of the net. The 
average number of seeds/haul of important 
species caught by the different types of nets 
have been tabulated month-wise and presented 
in Table •!. 



TABLE 1. Monthly abundmwe of prawn seeds in different types of nets 

Average number (^seeds/haul 
Species Net 

Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec. 

P. indicus 

P. seimsulcatus 

«̂ 

P. canalicidatus 

:P. ntcmodoH 

M. dobsoni 

M. affinis 

' 

M. monoceros 

PN 
VN 
TN 

PN 
VN 
TN 

PN 
VN 
TN 

PN 
VN 
TN 

PN 
VN 
TN 

PN 
VN 
TN 

PN 
VN 
TN 

1 
177 

1 

5 
2 

1 

•• 

101 
104 

5 

2 
. , 
7 

1 
15 
•• 

1 
240 

1 

8 
3 

1 

•• 

21 
17 
2 

1 

6 

1 
15 
•• 

2 
1,432 

1 

2 
4 

2 

3 

12 
64 

2 

6 

1 
26 
1 

2 
1,870 

1 

2 
4 

18 
1 

3 

9 
52 

2 

2 
2 
8 

34 
1 

21 
10,025 

1 

1 
3 

4 

1 

9 
71 
2 

1 
3 

16 

2 
1 

96 
4 

, , 
3 

•• 

•• 

1 
45 
18 

1 

44 

5 
5 

1 
2 

•• 

•• 

2 
22 

8 

, , 
85 

1 
10 

, , 
•• 

• • 
•• 

• • 

3 
79 

2 

, , 
4 

" 

1 
1 

1 
762 

•• 

"fc . 

'•• 

. . ' 

1 

10 
154 
97 

^ , ' 
2 , 

, , 
1 

1 
766 

1 

•• 

• . . 

5 
91 
20 

1 

1 
3 
1 

2 
74 

1 

• • 

•• 

1 

. . 

141 
18 
24 

1 

2 

5 

1 
532 

i 
1 

• • 

'• . 

72 
62 

5 

1 

3 

1 
25 

P. stylifera 
PN 
VN 
TN 

!» 

I 
Z 
CO 

ta 

O 

I 
z 
> o 
•a 
r> 
o 
o 
X 
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During the field collections it was experienced 
that eflScient seed procurement from this back
water depends to a great extent on favourable 
environmental conditions. Very often the opera
tion of nets and sorting of seeds Were rendered 
diificult on account of the interference of weeds 
(Sahenia and Eichornia) which have become a 
menace to this ecosystem in recent years. 
Similarly the physicochemical conditions such 
as flood, turbidity, movement of Water, sali
nity, temperature etc. Were also fouftd to 
influence the occurrence of prawn seed. While 
preparing the calendars all these aspects have 
been considered and brief mention of the condi
tions prevailing in each of the months made 
along with details of seed abundance. 

We are greatly indebted to Dr. E. G, Silas, 

for critically going through the manuscript and 
suggesting improvements. 

SPECIES OF PRAWNS AND THEIR 
GENERAL COMPOSITION 

The seed collections made during this investi
gation included several species of prawns chiefly 
belonging to the families Penaeidae, ^Atyidae 
and Palaemonidae. Among the penaeid prawns 
a total number of 13 species were recorded 
and they are listed below: 

While all these species Were encountered in 
the deeper portion of the backwater qnly few 
of them occurred in the surface -planldon and 
nearshore areas. Out of the thirteen species 
listed above five species namely Pendteus indicus, 
P. semisulcatus, Metapenaeus dobsoni, M. affi-

Name of species Net in which it was caught 

Penaeus indicus H. Milne-Edwards 

P. monodon Fabricius 

P. semisulcatus de Haan 

P. latisulcatus Kishinouye 

P. canaliculatus (Olivier) 

P. penicillatus Alcock 

Metapenaeus monoceros (Fabricius) 

M. affinis (H. Milne-Edwards) 

M. dobsoni (Miers) ! 

M. burkenroad iKuho 

Metapenaeopsis hilarula (de Man) 

Parapenaeopsis stylifera (H. Milne-Edwards) 

P. acclivirostris Alcock 

FN, VN, TN 
PN, VNi TN 

! VN, TN 
• TN 

. VN, TN 

TN 
PN, VN, TN 
PN, VN, TN 

PN- VN^ TN 
' TN-
TN 

TN 
TN 

PN—^Plankton net; VN—Velon screen drag net; TN—Try net. 

Director, Central Marine Fisheries Research 
Institute for his keen interest and encourage
ment in this Work. We are also thankful to 
Mr. K. H. Mohamed and Dr. P. Vedavyasa 
Rao for their constant guidance during the 
course of this study and to Dr. M. J. Georg6 

nis and M. monoceros Were the most c^immoa. 
The composition of these species -showed 
considerable variation in thf different types of 
nets. Fig. 2 shows the overall species cp'mposi-
tion. It can be seen that M. dobsoni ickms the 
major Component of the toW net and !try net 
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H.MKrON NET 

Fig. 2. Species composition of seeds in the different types of nets. 

collections, contributing to 88% and 46% res
pectively. In the velon screen drag net, on the 
other hand, P. indicus is the predominant species 
forming as much as 93%. M. affinis and 
P. semisulcatus are only rarely encountered 
here, while they constitute a sizeable portion 
in the try net catches (45 % and 4 % respectively) 
from deeper areas. 

12 

SEED SIZE 

The seed sizes considered here comprise 
postlarval stages and early juveniles upto 35 mm 
size in the case of spojies belonging to genus 
Metapenaeus and upto 50 mm size for others. 
In the plankton collections the seeds are pre-
dwninantly represented by postlarval 
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Fig. 3. Size distribution of important species. 
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il to IV. Sometimes late-mysis stages are also separately in Fig. 3. It can be seen litot the 
iencountered in few numbers, Tl̂ e seeds ^I-, it^portpit sizes of seedfflJJ^ted by velc^ screen 
Jected from the shallow nearshore areas are drag net is 11-35 HMaJwTijP, iWfc«Si U-20 mm 
generally smaller in size than those q|>ta^ed for P. semisulcqtMs and M.dobsoni and 6-20 mm 
from deeper grounds and include both advanced for M. monoceros. In the try net collections 
postlarvae as well as early juveililes. Thei the seed is mainfy nnfMreseated by the size 
postlarval stages mostly belong to specif ^qf. ^oui> 41-50 mm iqx P, indicus, 36-50 .mm for 
the genus Penaeus measiu-ing 8 min to 17 mk S . .mmkulco^s, ,l6-35 pjJttfW ^- dobsoni. 
b total length. The overall size distribution 21-35 mm for M. affinis and 21-30 mm for 
of the seeds of important species caught by M. monoceros. 
velon screen drag net and try net are depicted 

SEfiiy CAiiftNBARS 

January .'•••- < • . ! • • , , « > , > 

1. Physical conditions of the hackwdter-^^t^'^&tO:; stt&y patches «rf ftSaiyiflg weeds here and there 
over the surface arid heai^oi*a*eas but'do not pose problems'f<«*'taied^<^^ 

2. 5a///M7j'—Ranges from 28.82 to 34.39 %„ ; average, 32.85 %„. 

3. Temperature—Kansas from 27.0 to 29.0°C; average, 28.5° C. 

4. Prawn ^eet/.;—Moderately present. P. bitUau&aid^Mi Jobsoni «K the dominant speoes; P. indicus 
can be collected in greater numbers by velon screen drag net and M. dobsoni by both velon screen drag 

i. •:« netandtownet;t»yaetcolleclsr«4itfveljr.poflir.: ,y ^•! s , : 

February . . ,'' •: • . • ?;^ • •'-- . n - ,': 

1. p^sicalc0w^tf(ms^iAt^f^^^!>ffW^ei>--C\e!it watej; st»fa3eid«roi4<rf,;»!iiBd3 tot^ore and bottom 
,, areasharbpuf.plenty»Qf^Bcay^weeds.,,;.:,. ,*.;,; . , , : , • , . . .-.•r,. •-<. «:,-•'/; VL;-,^ 

2. 5a/jm7^—Ranges from 32.25 to 33.62 %„; average 32.92 %„. 

3. Temperature—Ranges from 29.0 to 30.0° C ; average 29.4°C. 

4. Prawn seeds—Siight imftfdVetaienV In gettferd! Abundance along tlie nearshore areas, but retrain poor 
in the plankton as well ajs deeper w&teVs. P.'puHcus U the dominant specie^ in the velon screen drag 
net coUectibhs. ' ' ^ ' ' • ^ " 

March " ' . . . . . .^ 

1. Physical conditions of the baekmter^^le&t water; surface and sht*r eotnpletely free of weeds; one 
of the best months for seed collection by velon screen drag net. 

2. 5'a///KV>'—Remains at its peak laHgikgj'ftota il.U to 3C80%„ ; average'Ji.WJi^. ' 

3. Temperature—Ranges from 29.8 to 31.0°C, average 30.4°C. 

4. Prawn seeds—Quite abundant in the nearshore waters but remain poor in other areas as in ithe previous 
month. Most of the sinciet repcM«Dted» diMWftat vtanng P. indicus, M, dehorti aiJd Af. monoceros; 
P. indicus and M. monoeeros nhibKiy mne abmitont in velon sccesa dng net and M. dobsoni in 
tow net. P. semw«/cattts occurs commonly in tijftjJlib, . . . i 
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1. i'Aj'f/ca/MndifffoM o/fAe AocikH'afer—Clear water; seed collection can be made effectively from all 
possiUe parts of the ecosystem. 

2. Salinity—RansBS from 29.90 to 33.58 %„; average 31.08%„. 

3. reffipem/are—Ranges from 30.1 to 31.88°C; average 30.7°C. 

4. Prawn seeds—Hieb abundance continues near the shore, dominant species being P. indicus, M. dobsoni 
and M. monoceros; M. affinis common in try net collections. 

May 

1. Physical conditions of the backwater—Oexc water; best season for seed collection like the previous 
two months. 

2. Salinity—R&ng^ from 29.11 to 33.90 %, ; average 30.63 %^. 

3. Temperature—fUnses from 29.6 to 30.3''C; average 30.0°C. 

4. Prawn seeds—Peak, of general abundance. Dominant species are P. Indicus and M. dobsoni. P. indicus, 
mostly fresh recruits of P« to P K , can be collected in enormous numbers by velon screen drag net. 

June 

1. Physical conditions of the backwater—Clear water in the beginning of the month, but becomes turbid 
afterwards since the freshwater influx b ^ n s as a result of monsoon rains. 

2. Salinity—VAngss from 0.59 to 31.8%,; average 13.01%,; widely fluctuates due to the monsoon 
rains and flood. 

3. r«»v>era/»re—Ranges from 27.1 to 29.5°C; average 28.3*0 

4. Prawn seeds—Declines considerably. Important species P. Indicus, M. dobsotd and M. affmis; abundance 
unsteady for most of the species; M. affinis occuta in relatively good numbers in the try net collections. 

July 

1. Physical conditions of the backwater—Tvahid water due to constant freshwater Influx; strong water 
current; fresh green weeds start infesting the entire ecosystem; not a proper season for seed collec
tion by tow net and velon screen drag net. Try net collections contain enormous quantities of African 
weed rendering seed sorting laborious. 

2. Salinity—RenoiinB nearly freshwater ranging from 0.16 to 1.28%,; average 0.38%o. 

3. Temperature—RanBsa from 26.0 to 28.5" C ; average 27.0° C. 

4. Prawn seeds—Getietally scarce. Important species M. affmis and M. dobson, M. affinis occurs in 
peak abundance in try net. Species of the genus Penaeus are extremely rare. 

August 

1. Physical conditions of the backwater—-FlooAed situation and turbidity prevails, but occasionally the 
water becomes clear. Floating weeds on the surface and nearshore areas and the settled weeds at 
the bottom make seed collection difficult. 
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2. Salinity—ContimiK to be very low Hanging from 0.16 to 2.71 %,; average 0:83%,. 

3. re>nperafure—Ranges from 27.3 to 28.8''C ; average 28.0°C. 

4. Prawn seeds—Contiane to be very poor. M. dobsont is the commonly occurring species. Species of 
the genus Penaeus are totally abs«it. Generally not a good month iox seed collection. 

September 

1. Physical conditions of the &acX;H<«tf8r--Ploodcootiaues la lesser intansity; water getting clear aad 
turbidity low; Africail weeds cohtinue to <Uctet9 the ecosystem. 

2. SWW/y—Ranges from 0.92 to 9.15%,; aver8gir2.44%o. 

3. Temperature—VMages trota 27.4 to 28.8*C; av«»ge 28.2° C. 

4. Prawn seeds—Kecolai^aa.tion takes place and the system is replmiafaed by a new wave of younger 
seeds particularly of species of the genus Penaeus. P. indkus be^ns to ai^ear in large numbers in 
the velon screen drag net collections. M. dobsoni occurs in peak atHmdanoe in both yelon screen drag 
net and try netcatches. Seed collection can be initiated during this month aftw the monsoon break. 

October 

1. Physical conditions of the backwater—JCkae wator; the problem of African weed continues. 

2. 5a///i/(^—Gradually rises but onsttsady and shows wide fluctuatioaa ranging from 1.19 to 26.76%. ; 
average 15.9%,. 

3. ren«>eratiire—Ranges from 28.4 to 29.0°C; average 28.8°C. 

4. Prawn se«(£jr—Steadily increases along the nearshore areas, the dominant species being P. indicus and 
Af. dobsoni. P. indicus abundant in velon screen drag net. 

November 

1. Physical carnations oftHe backwater—C3eu water; the floating weeds start decaying; partly decayed 
weeds get accumulated near the shore and at the bottom htunpering ttw opwation of velon screen 
drag net and try net. 

2. Salirdty—Raassa from 9.86 to 28.28 % , ; average 20.57 %,. 

3. Temperature—Raates from 28X) to 29.4* C; average 28.9''C. 

4. Prawn seeds~P. indicus less abundant than in the previous month; M. dobsoni oocan in maximum 
numbers in the plankton. 

December 

1. Physical conditions of the biuikwater—Ooai water; decayed weeds settle at the bottom and get entanglisd 
in try net in large quantities. 

2. Salinity—Raages from 24.27 to 29.62%,; average 28.18%,. 

3. Temperature—Bjuxges firom 27.5 to 29.0"C; av«a^ 28.3''C. 

4. Prawn seeds—Qenenl abundance near the shore {ifeks up again with P. Indicus «s dominant spedet}, 
Af. dobsont is fairly cQiQiqon in XQ^ net and velon Knm <Jwg net. 
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REMARKS 

A perusal of the seed calendar Would indicate 
tl»^,ai|hqugb prawn seed is available through--^ 
out the year, most of the species have peak 
seasons of abundance. M. dobsoni, the most 
common species of this backwater, occurs in 
maximum abundance from August to January, 
3i^!imJii. affmisand M. monoceroi kaye peaks 
during May-July and December-April respec
tively. In the case of P. indicus the peak oecî -
rrence is noticed during the summer period 
March-May. The seeds of P. semisulmtus 
^ S : relatively mpre comrnon during Januaiy-
MEBSh aad their occurrence coiticidds with 

^ p e i j ^ of increasing salinity as ih, the case of 
Pdrapenaeopsis stylifera. 

The information furnished here Would be 
useful in proper seed collection for culture 
operatitxhs! When considering th6 fast deVe-

.Ipiwaeat of intensive shrimp farming arouad 
this area, mainly based on the seeds collected 
from this backwater, a Word of caution seems 

appropriate. Since the juvenile population of 
penaeid prawns abounding in estuaries and 
backwaters form the basic stock for replenishing 
the population in the adjoining inshore waters, 
their indiscriminate exploitation at the early 
stages from this nursery area might adversely 
affect the capture fisheries. Therefore a rational 
approach is necessary in tapping this valuable 
resource. I^or continued progress of prawn 
culture in this region it is also essential that 
eflforts are intensified ftw large scale production 
of quality seeds by artificial propagation. In 
this context the recent advances made in perfec
ting te6hniques of spawning andiiiass culturing 
of penaeid prawns under controlled conditions 
at the Narakkal Prawn Culture Laboratory 
(Silas and Muthu, 1977) are significant and the 
efficient methods evolved here will go a long 
way in establishing hatcheries for large-scale 
prdductibn of seeds tc> meet the ever increasing 
demand and thereby reduce the dependence 
on wild stock. ' 
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RESULTS OF A PILOT SURVEY FOR PRAWN AND MULLET SEEDS 
AT JODIYA, GUJARAT, INDIA 

H. B. DAVE, M . BHASKARAN,̂ t N. D. CHHAYA+ AND K* D . MUUA 

Gujarat Fisheries Aquatic Sciences Research Station, 
Department of Fisheries, Jodiya, Gujarat 

ABSTRACT 

The paper presents a brief ^^count of the abundance of prawn and'^lullet juveniles at Jodiya 
where a brackishwater fish farm is coming up. The results particularly highlight the availability of 
the seeds during the stocking period of May to July, 1979. It is observed that Penaeus merguiensis, 
Metapenaem brevicornis and M. kutchensis are the dominant juvenile ̂ raWns in the cre^k around the 
farm site. Juveniles of Macrobrachium rosenbergii are also noted in sizî ble '^aitity during a restricted 
period of year. ' 

Abundance of mullet see^s is also studied to use them as a constituent member of polyculture. 
Ecologicafparameters such as water temperature,salinity and pH areobserved toexplorethe possibility 
of correlations with the abundance of juveniles. The study establishes the'availability of prawn and 
mullet juveniles at the doorsteps of the farm. 

INTRODUCTION 

A BRACKISHWATER fish farm at Jodiya in the 
Gujarat State is being constnicted under 
Central assistance, with an aim to estabiisii 
prawns and mullets rearmg under oontr«^d 
conditions and to demonstrate to the fisher
men and entrepreneurs of the ^pastal area the 
potentialities of brackishwater' fish farming. 
This farm will be the first of its kind in Gujarat. 
For any fish culture the baap requirements are 
to find out the abundance of required species of 
juveniles near the farm site and their periods of 
availability. Patel et al. (1978) have made 
preliminary observations of the seed resources 
in this area. Except for this work no data are 
available for this region. 

The authors are deeply indebted . to 
Shri P. Basu, I.A.S., Commissioner of Fisherfes 
and Shri K. Y. Navathe, Dy. Commissioner 

+ Gujarat Fisheries Aquatic Sciences Reseirtih 
Institute.Department of Fisheries, Port Okh* (©ttj»*«), 

of Fisheries for the facilities provided. They 
are also indebted to the supporting staff of 
Gujarat Fisheries Aquatic Sciences Research 
Institute. Shri K. M- Parmar was very helpful 
during the preparation and typing of 
manusCTjpt. |,. 

MATERIALS AND MfeTHODS 

For the seed collection, the creeks of river 
Uand and Aji were selected nearby Jodiya 
and Ranjitpar respectively (Fig. 1). ShQoting 
net (10 m length x 3 m width x 1̂  m hwght 
having 1/20" mesh size) was operated in the 
middle of the creeks. The net was kept for 
10 minutes against the current and then 
removed. Separation of the catch was made 
species-wise. 50 juvemles were kept in phisttc 
buckets of 10 litre capacity. About 40%iof 
the juveniles were composed of iM-awn̂  2%idi 
mullet and the remaining of miscellkmaiis 
juveniles comprised of clupeids, perches and 
puffer fish. After segregation, prawn juvenilis 
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were transferred to a small nursery (50' x 20') 
for acclimatization and rearing. Along with 
seed collection, hydrological perameters such as 
salinity, pH and water temperature were also 
recorded. Shooting net was operated during 
high and low tides throughout the month. 

and 15 VAD*), whereas their numbers were 
less in the half moon days (7 SUD and 7 VAD). 

Salinity remained between 30 %„ to 39 %„ 
during May to July in Uand river creek, but in 
the Ranjitpar creek, salinity was always found 

/ . S.. RA.N'atTPAR. 
/ 3 . U/>>l>«D PlVlR. 

Fig. 1. Map showing the locations of the survey. 

OBSERVATION AND DISCUSSION 

Availability of different species of prawn 
and mullet juveniles is noted throughout the 
year. In March and April, seeds of Macro-
brachium rosenbergii and Metapenaeus kutchen-
sris are predominant. Whereas during the 
months of May to July, mainly three species 
of prawns viz. Penaeus merguiensis, M. 
brevicomis and M. kutchensis dominate the 
prawn sead. catch (Table 1). Maximum availa
bility of seeds is noted in the first 30 minutes of 
the incoming tide, whereas very few were 
caught during the receding tide. The tidal 
iafliunce on abundance of prawns seed was 
also observed during May to July (Table 2). 
Good numbers were recorded during the tides 
in full moon and new moon periods (15 SUD 

Uindij calendar days, 

to be high between 45 %o to 65%^, probably on 
account of seawater crossing vast salty areas 
and salt production centres. 

In the present survey only M. kutchensis was 
recorded in the Ranjitpar area. 

Water temperature also fluctuated between 
29°C to 37°C with a maximum of 37°C. It 
was observed that when water temperature went 
beyond SS'C, the numbers of P. merguiensis 
and M. brevicornis decreased, whereas that of 
M. kutchensis increased (Table 2). 

Average size increase noted during May to 
July was 5.3 cm to 6.7 cm and 3.1 cm to 4.1 cm 
in P. merguiensis and M. brevicomis respectively. 
In M. kutchensis the size recorded was between 
4.2 cm to 4.7 cm. It is assumed that M. kutchen
sis, may require low salinity for growth. 
Low salinity is available only during the post-
roonsooft period in this region. This co\rfd 



TABLE 1. Abundance of prawn and mullet seed Aaing the stockir^ period (May to July 1979} at Jodiya brackishwater fish farm 

Availability in high tide 

Water quality Collection of prawn and mullet seed/net/hour in Number and size (cm) 

P. merguiensis M. brevicornis M. kutchensis Mullets 
Month Salinity pH Temp. Number Average Number Average Number Average Number Average 

%o °C size size size size 

May 

June 

Jiily 

38.0 

37.7 

35.0 

7.7 

7.8 

8.0 

30.0 

33.8 

29.8 

541 

296 

204 

5.3 

5.6 

6.7 

420 

787 

1057 

3.1 

3.1 

4.1 

750 

1834 

1048 

4.52 

4.2 

4.72 

24 

133 

258 

4.2 

4.8 

6.2 

TABLE 2. Influence of tide on abundance of prawn seed during the stocking period (May to July 1979) at Jodiya brackishwater fish farm 

Availability tt high tide 

Water quality Collection of prawns seed/net/hour in number and size (cm) 

Month Hindu calendar 
P. merguiensis M. brevicornis M. kutchensis 

Salinity pH Temp. Number Average Number A v e n ^ Number Average 
%, °C size size size 

C 
< 

o 

I 
> •z o 
S 
c 
r 
H 
CO 

W 

g 
o 
o 
> 

May 

Jtme 

July 

VAD-7 
VAD-15 

SUD-15 
VAD-7 

VAD-15 
SUD-7 

38.0 
38.0 

39.0 
38.0 

30.0 
39.0 

7.8 
7.8 

7.5 
7.9 

8.5 
8.0 

30.0 
30.0 

33.0 
37.0 

29.0 
29.0 

390 
646 

682 
112 

210 
195 

5.0 
5.0 

6.2 
5.0 

7.2 
5.95 

428 
342 

1590 
450 

1447 
1627 

3.15 
3.21 

3.0 
2.8 

4.32 
4.1 

918 
586 

1800 
2887 

1515 
1147 

4.27 
4.19 

4.4 
3.9 

5.2 
4.89 
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be pne of the reasons for their slow growth 
during the period mentioned. In the present 
studies iit was also noted that M. kutchensis 
was the only species in this region having wide 
salinity and temperature tolerance range 
(Table 2), 

Experience indicates that the most suitable 
period for prawn seed collection is before 

monsoon. During the monsoon the creeks 
near river Uand and Aji are flooded and the 
collection operations become difficult. 

Juveniles of culturable prawns such as 
P. merguiensis and M. brevicornis are regularly 
available near the farm site making it easy to 
stock the farm. 

R E F E R E N C E 
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OBSERVATION ON SEASONAL ABUNDANCE OF PRAWN SEED IN 
SHETRUNJI ESTUARY AT SARTANPUR, GUJAJEIAT, INDU 

Y. A. TRIVIDI, N . D . CHHAYA AND P. K. KOSHY* 

Gujarat Fisheries Aquatic Sciences Research Institute, Depi. of Fisheriei, 
Govt, of Gujarat, Port Okha 

ABSTRACT 

A survey of prawn ssed resources by shooting net operations in Shctrunji estuary, Sartanpur 
(Gujarat), indicated the dominance of postlarvae of Penaeui indicus and Metapenaeus monoceros. 
In August 1978, P. indicus and M. monoceros seeds were collected at an average rate of 13256/hour and 
8652/hour respectively. However, the occurrence in 1977 during the same period was considerably low. 
Presence of the juveniles of M. brevicornis, Palaemon styliferus aad MaerobracMum rosenbergii in the 
estuary was also noteworthy. An attempt was made to correlate |he abundance of prawn seed with 
the temperature and salinity of the estuarine water and rainfall data of the area. 

INTRODUCTION 

IMPORTANCE of the study of availability and 
abundance of fast growing prawn seeds in 
capture and culture fisheries is well established 
(Subrahmanyam, 1967; Subrahmanyam and 
Rao, 1969 ; Jhingran et al, 1970). Gopala-
krishnan et al. (MS) have made a primary 
purvey of prawn and fish seed availability at 
Sartanpur in.Bbavnagar district of Gujarat. 
,On the basis of this, an intensive study of prawn 
juvenile abundance around Shetrunji estuary 
has been undertaken as a step prior to develop
ing a prawn culture farm at Sartanpur, Gujarat 
State by Fisheries Department, Government 
of Gujarat. In this paper the comparative 
results of shooting net operations in August 
1977 and August 1978 in the area are parti-
fCularly highlighted. 

The authors are thankful to Shri P. Basu, 
i.A.s., Commissioner of Fisheries, Shri K. V. 
Navathe, Dy. Commissioner of Fisheries and 
Shri R. G. Dabhi, Asst. Director of Fisheries 

* Gujarat Fisheries Aquatic Sciences Ressarch 
Sub-Station, Dept. of Fisheries, Govt, of Gu/irat, 
Bbavanagar, • 

for the facilities givpn for this work.;. Shri P. L. 
Bhatt and Shri V. L. Jasani were very helpful 
during field work. Shri K.. M.j Parmar Jias 
taken specid care in typing the rnanuscr^pt. 

MATHUAL AND METHODS 

Shooting net IS reported to, be |npr̂ .elB<t̂ fiVt 
than other gears for catching the'postj^ml 
prawns (Subrahmanyam and Rao, 1969; 
Gopalakrishnan et all, MS.). In the present stfftdy 
a shooting net of 362 cm x 180 cm x « 3 . ^ 
•size mosquito net body and 88 cm x 55 <Mi 
malmal doth teceptadewas operated for .30 
minutes in the mouth of estuary diaring incom
ing tides twice a day generally for five days 
during fullmoon period. " 

Temperature ajad salinity wetp mieasured l^ 
standard metl^ods. Tid^ readings were t ak^ 
by fixing graduated wpoden gu^es iî  the 
creek and on the adjoining int^tidal areas. , 

RESULTS AND DISCUSSION 

• The results of the survey for prawn pkwtr 
larvae and juveitU^, by shootitig net, at 
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Sartanpur, in August 1977 and August 1978 
are particularly highlighted being very note
worthy due to postmonsoon environment 
providing near optimum situations in which a 
mix of marine as well as fresh water prawns 
and fishes are available. Table 1 shows some 
of the physico-chemical conditions at Sartanpur 
during the period under review. 

46395 and 30282 respectively—during five days 
of fuUmoon period of August 1978. Subrah
manyam and Rao (1969) also reported such 
incidence of P. indicus postlarvae in unusually 
large numbers during day collection on full-
moon day in March, 1967 at Pulicat Lake, but 
at Sartanpur this phenomenon was common 
for P. indicus as wfeU as M. monoceros. The 

TABLE 1. Some physico-chemical conditions at Sartanpur Estuary 

Parameter August, 1977 August, 1978 

Tidal Range (in m) 
Salinity (%.) 
Temperature (°C)—Air 

-do- —Water 
Rainfall (in cm) 

0.99- 1.35 
0.99-26.29 

25.00-31.00 
25.0 -30.0 

119.0 

0.99- 1.35 
6.53-33.75 

25.5 -31.0 
25.0 -32.0 

159.0 

The results of shooting net operation during 
the fUUmoon period in August of 1977 and 
1978 showed the presence of fiish as well as 
prawn seeds and flngerlings. Fries and finger-
lings of Mugil parsia, M. cunnesius, M. fade, 
Beleophthalmus sp., Puntius sp. and eel made 
up about 40% catch in 1977, while it was only 
a meagre portion (less than 0.5%) in the total 
catch in 1978. 

Prawn seeds comprised of Penaeus indicus, 
Metapenaeus monoceros, Palaemon styliferus, 
M. brevicomis and Macrobrachium rosenbergii. 
The catch sometimes also contained juveniles 
of the mud crab, Scylla serrata. 

In 1977, M. monoceros. seeds dominated 
(67.7%) followed by P. styliferus (21.9%), 
P. indicus (10.0%) and M. brevicornis (0.4%). 
While in 1978, it was P. indicus which made 
up n^jor portion (60.4%), of the prawn seeds 
caught, foUowed by M. monoceros (39.5%) and 
P. styliferus (0.1 %). 

A very remarkable outcome of the present 
study was availability of unusually large number 
of seeds of P, indices and M- monocerps— 

catch was generally more during night time, 
similar to that reported by Ganapati and 
Subrahmanyam (1964), Bearden (1961), 
Williams (1959), Subrahmanyam and Rao 
(1969) and Subrahmanyam and Ganapati 
(1971). 

Average collection rate of P. indicus was a 
meagre 4.8 per hour dominated by 16-25 mm 
size group in 1977, in comparison to 13255.7 
per hour dominated by 4-7 mm size group in 
1978. Gopalakrishnan et al. (MS) recorded 
peak collection rate of 94.8 P. indicus post-
larvae per hour in March-April at Sartanpur, 
while Subrahmanyam and Rao (1969) reported 
peak collection rate of 13275 per hour during 
September 1967 at Pulicat Lake. Evangeline 
and Sudhakar (1973) have found 6 mm 
P. indicus postlarvae totaling 35% (sometime 
upto 80%) of total prawn postlarvae recruited 
in Adyar estuary and Mohamed and Rao 
(1971) have also found P. indicus postlarvae 
to enter estuary at an advanced stage measuring 
7.0 mm. 

In 1977, collection rate of M. monoceros 
^e^ds was 32 per hour donjinated by 46-55 nin^ 
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size group while in 1978 it was as high as 
8652 per hour dominated by 4-10 nun size 
group, as in the case of P. indicus. Earlier 
Gopalakrishnan et al. (MS) have indicated the 
highest collection rate for M. monoceros seeds 
to be 351.3 per hour in April-May. 

Rajyalaxmi (1973) reported 0 — group 
(23-60 mm) juveniles of P. styliferus in 
Hooghly-Matlah and Roopnarain Estuaries 
almost throughout the year. Bhanot (1971) 
has mentioned that P. styliferus postlarvae 
were available during December-March in 
Matlah esttiary around Port Canning. At 
Shetrunji estuary they were available during 
August of 1977 as well as 1978 at a rate of 
10.4 per hour, dominated by 26-45 mm size 
group and 24.3 per hour, dominated by 
16-25 mm size group, respectively. 

Present results also agree with Bearden (1961) 
Subrahmanyam (1967) and Subrahmanyam 
and Rao (1969) that prawn fries are available 

in more numbers near the mouth of estuary or 
creek. 

Sreekumaran Nair and Krishnankutty (1975) 
found that the growth rate of P. indicus was 
significantly high in low salinity for postlarval 
specimens, but the larger juveniles showed a 
significantly high growth rate in high saline 
waters. Rao (1973) reported abundant 
M. monoceros postlarvae in 5.0-9.9 %„ a n d . 
20.0-24.9 %o salinity while temperature had 
no apparent relationship with distribution of 
prawn larvae, white several workers (Rajyalaxmi, 
1973) have correlated rainfall with prawn yields. 
Gopalakrishnan et al (MS) mentioned that 
prawn juveniles were more abundant during the 
months of low temperature but there was no 
correlation with the salinity. The unusually 
high abundance of prawn postlarvae, in August 
1978, at Sartanpur, may have some correlation 
with higher maxima of salinity and temperature 
and the significantly high rainfall during that 
period. 
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PENAEID PRAWN POPULATION AND FRY RESOURCE 
IN A MANGROVE SWAMP OF GOA, INDIA 

C. T. ACHUTHANKUTTY AND S. R. SREEKUMARAN N A I R 

National Institute of Oceanography, Dona Paula, Goa-403 004 

ABSTRACT 

Penaeid prawns abundantly occur in ths mmgrove swamp during the premonsoon season. They 
are constituted by the commercialspecies, Penaeus merguiensis, Metapenaeus dobsoni and M. monoceros. 
Recruitment to the swamp takes place when the individuals are between 10 and 20 mm in size. Growth 
rate and period of stay in this environment vary with species. About 46.5 % of the population is com-
priseid of juveniles ranging in size from 10 to 30 m.n. These could be collected in large numbers bet
ween Deceniber and June for aquaculture purposes. 

INTRODUCTION 

tTNCERTAiNTY in the availability of natural 
seed prawns is one of the major constraints in 
the success of commercial shrimp cuhure. 
Many countries of the Indo-Pacific region where 
shrimp culture has been practised traditionally 
hiave succeeded in large scale hatchery pro
duction of penaeid prawn fry and have thus 
overcome this obstacle (Milne, 1972 ; Pillay, 
1972; Ling, 1977). A large portion of the 
natural prawn seed is being collected from the 
brackishwater environments making good use 
oftheveniry into these environments for their 
early ctevelopment. Various aspects of peiueid 
pawtt larval migration into the estuaries of 
Goa have been studied (Achuthankutty, et al., 
1977; Selyakumar, et al, 1977). It was feU 
that vast Ureas of mangrove swamps bordering 
the Mandoyi-Zuari estuarine complex may 
provide a potential site for seed prawn collec
tion. Hence a year-round study was made in 
an ideal swamp to assess the prawn seed re-
sowrce and. other related aspects which are 
summarised in this paper. 

The autiiprs are thankful to Dr. S. Z.Qasim 
and Dr. T. S. S. Rao for the facilities and 
eocouragement. 

MATERIAL AND METHODS 

The study was conducted in a low lying 
mangrove swamp (I5°31'N, 73°48"E)' (Fig. 1). 
The swamp opens to the mouth of the Mandovi 
estuary and hence is tide fed. Monthly samples 
were taken during low tide by hauling a rectan
gular net (mesh size 5 mm) through the bottom 
from June 1978 to May 1979. Penaeid prawn* 
were identified and total length (tip of rostrum 
to tip of telson) was measured. 

RESULTS 

Occurrence and Composition : During the 
course of the study only three species of penaeid 
prawns were collected from this swamp. They 
were Penaeus merguiensis de Man, Metapenaeus 
dobsoni (Miers) and M. monoceros (Fabricius). 
Their percentage occurrence was 22.32, 
42.66 and 35.02 respectively. About 60% 
of the total catch was made during the pre
monsoon season (February-May) and a mere 
16% during the pbstmonsoon season (October-
January). Monsoon season (June-September) 
accounted for the rest of the catch. Species 
abundance «lso showed more or less a similar 
pattern of variation. 
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Recruitment: Recruitment to the mangrove 
swamp was taking place when the individuals 
ivere between 10 andggO nw^in ipize as this wa^ 
the smallest size range of all these species 
occurring In the swamp. However, individuals 
belonging to 20-30 mm size group were also 
being recruited in small numbers in certain 

Growth: Grovith was studied by length-
frequency method. Progression of modes was 
traced from lOj^ npi in all the species. M. 
dobsoni attains a maximum size of 50-60 mm 
in 5 to 6 months, wljureas Af. monoceros stays 
in this environnfent for 7 to 8 months and 
Ijytains a relativefy larger size of 70-80 mm 

r 
r 

K 

Fig. 1. Study area. 

months as can be seen fronj, Fjg. 2. Year-
round recruitment ;was taking place only In 
M. dobsoni. Recruitment Which* was at a 
slow pace during the postmonsoon moiiths In 
all the species, intensified during the pre-
monsoon months and gradually declined during 
the monsoon months. Total absence of 
10-20 mm size group of P. merguiensvs and M. 
monoceros during the monsoon season indicates 
that recruitment of these species was not 
occurring during this season. 

(Fig. 2), P. mer^iensis, on the other hand, 
grow^ to 80-90 mm in a relatively short span 
of 6 to 7 monllK (Fig. 2). Nevertheless, due 
tb ^overlapping of modes, the tracing of the 
progression of mod^s was difficuh in certain 
iail6itths. This might happen in tropical species 
laving slow growth or prolonged breeding or a 
combination of both (Qasim, 1973). 

Juvenile population: About 46.5% of the 
penaeids was constituted by individuals of the 
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^ groi^) 10-30 mm. Of this, the perc^tage 
cosrtributiians of P. merguiaisis, M. dobsoni and 
M. monoceros -vines 15.3, 49.2 and 35.S 
respectively. The maximum juveniki popu
lation (10-30 mm) was recorded during the 
pr^iflicmsoon 8eas<m,(Fig. 3). Average number 

latter half o f the monsoon m^aaa. loveoiles 
which appeared in small numbers in O c t o b ^ 
progressively increiind t o « t t u n the maximum 
abundance during the iKemonsoon season and 
dediMd d i a ^ c s l ^ or was compMdy »tMent 
during die monsoon moitths. 
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Fig. 3. Variation ofiuvenilepoptilati(ni of Af.db6fonf,JII'.m«?iiOcer0f and 
P. mergulensis in different months. 

o f M. dobsoni juveniles collected during this 
season was 10,175/ha and that of F. mergulensis 
and M. monoceros was 3,009/ha aod 7 , ^ S / k i 
respectively. Juveniles of iSno latter two spedes 
were totally absent in the swamp during tibe 

13 

DISCUSSION 
sriJ 

H i e spedes under investigation form 
boUc of peniEieid prawn landing from O o a d a s t , 
These ^ e d e s are known t o breed in •^^^oh 
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w f e ' M e o ^ f J462ri^0-a,^b ; Rao, 1968, 
197^ •'!Ge(sJ|^M4 mswami, 1977; Goswami, 
e(fl/:"'t^75''litti their postlarvae enter the 
estuine^pd^ackVafers'for early devislopment 
( S e ^ , " ^ l W ^ f ^ r'Kutkuhn; 1966 r Gunter, 
1967; Achuthankutty, effl/., 1977). A large 
portion of the postlarvae of these species which 
enter the estuaries, soon after attaining the 

Jjivenile stage may migrate to the nearby 
mangrove swamp as evidenced by the initial 
size of the recruited individuals. It is also 
likely that most of the postlarvae may grow to 
juvenile size immediately after their entry into 
the estuaries (Selvakumar, et all, 1977) and 
hence a rich population of juveniks could be 
expected in the swamps which are directly 
connected to the estuarine mouth. Intense 
recruitment of the juveniles occurs during the 
succeeding months of their peak spawning 
reported from the coastal waters of Goa 
(Achuthankutty et al, 1977; George and 
Goswami, 1977). 

A combination of different conducive factors 
for faster growth make this specialised eco
system an ideal nursery ground for these marine 
prawns. These swamps are tide fed and the 
salinity is relatively lo\v. Large quaititi^ of 

food in the form of organic aggregates are 
available here* (Snedaker, 1978). Fine silty 
mud substratum and abutnlance of mangrove 
foliage offer suitable cover fof these juvenile 
prawns to bury. Absence or less number of ' 
predators and harmful creatures provide nefees*' 
sary protection in the most critical growing 
stage. 

Martosubroto and Naanjin (1977) have 
emphasized the need for the proper manage
ment of these tidal forests for commercial 
shrimp production and Snedaker (1978) has 
listed the factors responsible for their growth 
and propagation in this environment. Goa 
has vast stretches of potentially rich mangrove 
swamps which are the itatoral gursery grounds 
of the penaeid prawns which have an estuarine 
phase in their life-cycle. Hence, the exploitable 
yield of the juvenile prawns from their nursery 
ground should be properly assessed before 
commencing large scale collection for aqua-
culture. Overexploitation of juveniles would 
have far-reaching consequences on the com
mercial shrimp production. S^ also, utmost 
care should be taken to manage '̂this specialised 
ecosystem for the conservation of penaeid 
prawn fishery. . 
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ABSTRACT 

Data collected during 1977 and 1978 on the availability of fish seed in Marakanam Estuary indi
cated that it has adequate seed potential of cutturable prawns and fishes. The seed survey was 
conducted by operating nylon shooting nets and velon drag nets. Among prawns, the seeds f^Penmua 
indkus, Metapenaeus monoceros, M. dobsoni, P. semisulcatus and P. monodon in that order of abundance 
were encountered. The seeds of mullets and milk fish predominated in the fish seed population of the 
estuary. Information on species-wise occurrence, and their seasonal and spatial distribution pattern of 
the prawn seeds in the estuary and suitable gear for collection is presented and discussed. 

INTRODUCTION 

UTILISATION of brackish water areas for the 
production of prawn and fish has increased 
considerably in the recent years and conse
quently there is a growing demand for the seeds 
of cultivable species of prawns and fishes for 
stocking in grow-out ponds. Lack of infor
mation on the naturally available seed resources 
of cultivable species of prawns and fishes is one 
of the main constraints in the development of 
brackish water prawn and fish farming. This 
communication deals with the investigations 
carried out on the seed resources of commer
cially important species of piawns and fishes 
of the Marakanam estuary in South Arcot 
District, Tamil Nadu State during the year 
1977 and 1978. 

The authors are thankful to Shri C. Chella-
ppan," Director of Fisheries, Government of 
Tamil Nadu and Dr. A. V. Natarajan, 
Director, Central Inland Fisheries Research 
Institute and Co-ordinator of the Project for 
their guidance and encouragement in the study. 

MATERIAL AND METHODS 

Marakanam River (otherwise called 
Kazhuveli River) takes its origin from Kazhu-

veli Tank, situated in Tindivaoam Taluk of 
South Arcot District (Fig. 1). The tank is 
mainly fed by north-east monsoon. Land 
drainage during monsoon periods is collected 
in the tank and drained through the river, 
which joins with the sea. Bay of Bengal, by the 
side of ruins of Alamparva Fort. A regulator 
constructed on the river just below the tank 
prevents the mixing of salt water with the fresh 
water above the regulator. The tidal fluctua
tion is felt up to this regulator, which is at a 
distance of 18 km from the mouth. On both 
sides of the upper reaches of the estuary, 
extensive salt pans are located. 

A Midnapore type standard spawn collection 
net (Nylon) (Jhingran et at., 1970) was used 
for the study. Monthly collections were made 
by operating the net near the mouth of the 
estuary for two hours during spring high water 
(either full or new moon phase). Depending 
upon the variations in the topography of the 
estuary near the mouth, nature of the bar, tidal 
waves and force of the wind, the net had to 
be shifted from one place to another to find a 
suitable location for fixing and operating the 
net. However, throughout the period of study, 
the net was operated within a distance of 500 m 
from the mouth. In addition, one velon drag 
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net of 2 X 1 X 0.5 m (7 meshes/cm) was 
operated at four stations (Fig. 1). Monthly 
hauls of 30 minutes duration were taken from 
the four stations for a total period of 22 hrs 
during 1977 and 24 hrs during 1978. No 
observation could be made during November 
1977 due to heavy floods in the estuary. 

Fig. 1. Map of Marakanam Estuary showing 
location of stations. 

Shooting net collections were made near the 
mouth (Station 1) for 44 hours during the 
period from January '77 to December '78. 

The various species of commercially impor
tant prawns and fishes in the collections were 
numerically estimated. Water temperature, 
salinity, pH and dissolved oxy^n of ijie water 
WW recorded at the time of collection. 

OBSERVATIONS AND RESULTS 

The hydrological data collected at the four 
stations are given in Table 1. 

Total catch 

Fig. 2 shows the monthly average catch/ 
number/hour (c/n/hr) during the year 1977^ 
and 1978. It could be observed that the 
ingression of prawn and fish seeds into the 
estuary was at its maximum during January to 
May, August and September with peaks in 
January, March, May, August and September. 
It was earlier observed that January to June 
was the most productive period in Bakkali 
area (Basu and Pakrasi, 1979). Bose et al. 
(1980) recorded maximum ingression of prawn 
larvae in Adyar estuary during January to 
May and August and September. At Pulicat 
Lake, peak ingression of prawn larvae was 
observed in April, July and December 
(Gopinathan, 1978). 

Species composition 

The percentage occurrence of commercially 
important prawn and fish seeds in the 
Marakanam estuary during 1977 and 1978 
are given in Tabl© 2. The overall percentage 
composition of the commercially important 
species for the said period in order of abun
dance vfas Penaeus indicus 36.34%, Meta-
penaeus monoceros 9.65%, mullets (mainly 
Mugil cephalus, M. parsia, and Lizza 
macrolepis) 9.27%, Metapenaeus dobsoni 
6.1%, P. semisulcatus 3.21%, P. moriodon 
2.17%, and Chanos chanos 1.39%, miscel
laneous fishes forming 31.87%. The miscel
laneous fishes were represented mainly by 
Anchoviella sp., Therapon spp., Hemirhamphus 
sp., Triacanthus sp., Etroplus spp., Ambassis 
sp.. Genes spp., Elops sp., Megalops sp., 
Cynoglossus sp., Pseudorhombus sp., Siganus 
spp., Sphyraena sp., Leiognathus spp., Anadgrf-
tQSfQma sp. aqd elvers pf eeU, 
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TABLE 1. Hydrological variations of Marakmam Estuary 

S T A T I O N S 
2 3 

Surface water temperature (°C) 

pH 

Jiissolved oxygen (ppm) 

Salinity (ppt) 

25.9-31.8 

7.2-8.4 

6.47-9.20 

2.79-35.48 

24.2-31.5 

7.3-8.4 

6-39-8.48 

1.94-33.64 

« « I97S 

26.4-32.^ 

7.2-8.6 

6.09-9.08 

1.23-34.82 

25.e-32.4 

7.0-8.5 

6.12-8.79 

0-30.47 

' 

6e«( 

^ 4813-
C 

Soott 

> 
m 

J F M A M J J A S O N 0 

Pig. 2. Average monthly catch of prawn and 
fish seeds during 1977-78. 

TABLE 2. Year-wise percentage composition of commercially important prawns and fishes 

Species 

Y E A R 

1977 (%) 1978 (%) Overall 
average (%) 

Penaeus indtcus 
P. semisulcatus 
P. monodon 
Metapenaeus monoceros 
M. dobsoni 
Mullets 
Chanoschanos 
Others 

32.76 
2.79 
2.46 
8.27 
5.86 

11.34 
1.50 

35.02 

39.92 
3.64 
1.88 

11.02 
6.34 
7.21 
1.28 

28.71 
• 

36.34 
3.21 
2.17 
9.65 
6.10 
9.27 
1.39 

31.8t 
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Seasonal abundance 

The seasonal variations in abundance of 
various groups of prawtt and fish seed are 
presented in Fig. 3, '-fhe ingression of post-
larvae of P. indicus, P. monodon, M. monoceros 
and M. dobsoni and fry of mullets was ob
served throughout the year, whereas the 
recruitnKnt of the postlarvae of P. semisulcatus 
was limited to the period ||om J«muary to 
September; the fry of (phonos from March 
to JuiTe^and September to November. The 
peak availability or^lBl commerci^ly impor
tant species were Januaiy, February, July to 
September and December for P. indicus |i]|larch 
to June for P. semisulcatus; May, AugSJft, 
October to December fotjP. monodon; January, 
April to June, August and pooei^beit for 
M. monoceros; May to August and December 
for M. dobsoni; April, :May and September for 
Chanos and January to March and October for 
mullets. ' • 

Spatial distribution of seeds 

Species-wise overall average c/n/hr at the 
four stations during 1977 and 1978 are shown 
in Fig. 4. Congregation of seeds varied from 
station to station. Among all the stations the 
total catch from station 4 was comparatively 
poorer. 

Of the various species of prawns, P. indicus 
formed the bulk of the catch in all the stations. 
P. monodon, though available at all the sta
tions, its contribution ranged from 2.3 to 
7.1% of the total catch. P. '^semisulcatus was 
predominant at Station 1 and ia descending 
order of abundance towards the upper reaches 
of the estuary was observed. They were almost 
absent in station 4. Metapenaeids were uni
formly abundant in all the stations, contribut
ing to H.69% to 17.22% of the total catch. 
Among fishes, mullets represented in the col
lection at all the stations. Tkei werejiumerically 
abundant at station 2. Congregatiou >>of 
Qhmos fry was bftt^r in stations 2 an4 3 £̂ nd 4r 

At station 4 they contributed to 14.27% of 
the total catch. 

;*: 
Dispussi&N 

Postlarvae and early juveniles of P. monodon 
were abundant ii| irfaces with macro vegeta
tions and shallow re^ons with plenty of organic 
(lebris on the b o t ^ , , -Bo^e et al. (1980) 
observed the congreg^on of P. monodon seedr 
ijl shallow, margins with plenty of marginal 

.weeds. ..Sinaifcrly, places with macrovegeta-
' tipns and seaweeds formed the habitat of post-

larvae and juveniles "Of P. semisulcatus. A 
simp^ washing of the weeds was suflBcient 
to cdllect them. The^preference of weeds by 
"B.. semisulcatus wSi& pb^ry^d in Pulicat Lake 
(Gopinathan,; 19f8|, J toi Vellar estuary 
(Subramanian et al„ 1980). 

'• ^ ' •' " } 

The present dbseirvaA>n confirms the view of 
Bose et al. (1980) that of P. indicus appeared 
to prefer shallow margin with soft sand and 
debris. The abundance of P. indicus in 
Buckingham Canal area (Station 2) which is 
shallow, with soft sand and lot of organic 
matter in the bottom further confirms this view. 
They wene also abundant in abandoned salt 
pans and shallow pools with considerable 
organic matter. 

It was observed that the recruitment of P. 
semisulcatus was directly related to the salinity 
values of the estuary. Increase in salinity 
values during Jai^ary (after the monsoon) 
marked the appearance of P. semisulcatus, and 
the maximuii values in March-June coincided 
with the peak' availability of these seeds. Their 
absence in tiie upper reaches of the estuary 
(Station 4) may also be attributed to the low 
values of salinity; 

The seasonal abund46ce arid' distribution 
pattern of P. indicus and P. monodon revealed 
that they were abfc to tblwate wide variations 
in saliai^. P. monodon had been encountered 
in salinity v^^es of 1,3 to 2.0%^. 
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fish seeds daring 1977-78. 
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It was observed (Bose et al., 1980) that shoot
ing net was efficient in trapping postlarvae of 
prawns and it could ^> qpetat^ in plf|es fibffro 
tidal current would be),<fii;^|^i^. Tlie^ottp^ 
should also be shaUow, smooth and gently 
sloping for operating the net. The present 
observations confimied this view. Moreover 
strong winds and tidal waves near, |he piQuth 
prevented the operation of the oet* ,lhe use
fulness of this net lies in its ^foieiiitey in trap
ping postlarvae of prawns and early fry of 
mullets and Chanos. Segregating the dififerent 
species of prawn and fish in the collection would 
be extremely difii(niilt because of their smallo: 

size. However, P. monodon could be easily 
segregated from other species. The collections 
ofjthis net could give an id^a of the recruit-
iii|j^t of various Spedls of prawns and fishes into 
the estuary duiMg vaHous seasons. 

For collecting large number of seeds for 
stocking in ponds, Velon drag net would be 
(fficaoit. It could be operated in all shallow 
mavgras, and sUignant pools in the estuary 
where prawn and fish juveniles generally abound 
with. However, this net is not suitable for the 
collection of fingerlings of fish especially 
mullets which swim fast and escape from being 
c a u ^ by the nM. 
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FOOD OF SOME PENAEID PRAWNS REIATtVE TO JHffini: (C^TUltE 
IN BRACKISHWATER PONDS OF SUNbfiiBAlVS' 

N. K. DAS, A. N. GHOSH* AND N . M. CIOAKJIABA^TI 

. Kakdwip Research Centre 
Central Inland Fisheries Research fn^itute 

Kakdwip'lAi 347, West Bengal, India = 

' ABSTRACT • "' ''' ' '' 

The food of penaeid piawm, Pemeits Jndicus H. M.Edwaids, awLvP. woiWKfeji Jp l̂*.! inftf, -
length range of 21-120 mm and metapenacid prawns, Metapenaeus momceros (Fab.) and M. 
brevicornis (H. M. Edwards) in the length range of 21-100 mm cultured in brackishwater ponds was 
studied. The major food of these prawns consisted of Bacillariophyceae or diatoms, Myxophyceae or 
blue-green algae, crustaceans and plant parts in the order mentioned. 

In P. indicus, Bacillariophyceae <S3.48-83.43 %>, plant parts (1.25-26.92%) atid crustaceans parts 
(1.26-17.74%) constituted the main food. laP. mono(«>«,Bacillariophycetfe(43.78^5.8T%)fdrm*d;mtoi 
food upto the size of 80 mm while plant parts (2.28^4.0%) and the MyxOptiyceke (1,4^-26,0 ̂ '\v«|reV 
observed in the stomach contents of the specimens ranging from 21 to 120 mm size. Crustaceans Csemi ^ 
digested) parts were found as food item of prawns of the size of 69 nlm and above.:! . > : ; 

Consumption of Bacillariophyceae were observed Xo be nyucimum both \^[^- ^finop^osaid M, 
brevicornis foimias 54.03-83.74% and 3I.0T6Q.71 % offood materials fpc the ab(3W§p?pies respectively. 
Among the next items, plant parts (11.50-31.29%) for M. monoceros and crustaceans parts (12.20-
31.99%) for M. brevicornis constituted the major porHoB'^ food. ; >. 

Thus, the study indicated that the above species of psnaediMd metapnaeid prawns feedr«ct»>ely 
both on vegetative and animal organisms. 

INTRODUCTION 

OF THE SEVERAL species of penaeid and meta-
penaeid prawns available in the estuaries of 
Sunderbans, Penaeus indicus H. M. Edwards, 
P. monodon Fab., Metapenaeus monoceros 
(Fab.) and M. brevicornis (H. M. Edwards) 
occupy the place of importance in brackish
water culture. 

Consequent on the increasing demand of 
these species of prawns in the international 
market, more and more attention is being paid 
for improving the technology of culture to 

• Present address: State Fisheries Development 
Corporation, 43, Shakespeare Sarani, Calcutta-17. 

produce more prawn in unit time and space. 
Food being one of the important pammeters 
to determine the growth and survival, an 
understanding of the food of these species 
of prawns at different stages of growth under 
culture conditions is of vital importance. With 
this view the food of the above species of 
prawns was studied while conducting culture 
experiments in brackishwater ponds at Kakdwip. 

The authors record their deep gratitude 
to Dr. A. V. Natarajan, Director and 
Dr. V. G. Jhingran, Ex-Director, Central 
Inland Fisheries Research Institute, Barrack-
pore aSid Sri D, D, Holder, Officer-in-Charge 
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of Kakdwip Research Centre for their keen 
interest in the work. 

MATERIALS AND METHODS 

The materials for the present study were 
CoU«rted from Brackishwater Fish Farm of 
Kakdwip during the period of Ja;nuiry, 1976 
to April, 1979 and consisted of 150 specimens 
of P. indicus, 120 specimens of P. monodon, 
130 specimens of Af. monoceros and 125 speci
mens of M. brevicornis in the size range of 
21-120 mm for P. indicus and P. monodon 
and 21-100 mm for Af. monoceros and M. 
brevicornis. 

Specimens were preserved in % % formalin 
4nd later on sorted out into 20 mm size groups. 
I'he stomach contents of all the specimens in a 
size group were collected tog«^er in '̂a watch 
glass and different items of food were sorted 
out under a microscope following the process 
of drop method as suggested by Pillay (1956), 

OBSERVATIONS 

The data on percentage volume of various 
items of food consumed by difff^nt size groups 
of the prawns of the species studied are 
presented in Table la and Table lb. 

It can be seen from the Tables that in general 
the diatoms constituted the major food item 
lor all the species of prawns studied. 

In P. indicus, the ^ diatoms, Pimularia sp. 
and Navicula sp. followed by Cymbella sp., 
Cocconeis sp., Synedra sp. formed the maximum 
portion of food. Next items of importan<5e 
were plant parts, crustacean parts and desmids. 

In case of P. monodon, blue-green algae and 
plant parts were observed to form the usual 
food for all size groups of the prawn. 
Diatoms constituted the.food for the size 
groups of pravms ranging from 21 to 80 mm 
only whereas crustacean parts alongwith 

debris were observed in stomach contents of 
prawns ranging from 61 to 120 mm size. Other 
items like desmids, rotifers and polychaete 
worms were only occasional food for the prawns. 

Food of M. monoceros were observed to be 
somewhat different from those of other prawns 
discussed above. In this prawn, diatoms com
prising of Navicula sp., Cymbella sp. and 
Amphora sp. and plant parts constituted 
the main food. 

In Af. brevicornis, although diatoms formed 
the major food of the species but crustacean 
parts alongwith detritus also formed the bulk 
of it. 

DISCUSSION 

The observed food of the above species of 
prawns cultured in brackishwater ponds at 
Kakdwip in Sunderban re^on differ from that 
of prawns collected from natural sources. 
Gopalakridman (1952) foimd vegetable matters, 
crustaceans like copepods, ostracods and amphi-
pods; molluscan shells; polychaete worms, 
echinoderm larvae, bydroids and trematodes 
constituting the nmjor food of P. indicus. 
Food items such as ostracods, molluscan shells, 
amphipods, hydroids and echinoderms were 
not at all met with in the stomach contents 
of the prawns under present study. 

Hall (1962) observed the food of P. monodon 
collected from natural sources as well as ponds. 
Polychaetes, small and large crustaceans consti
tuted the food of the prawns collected from 
natural sources whereas only small crustaceans 
were observed by him in the stomach of prawns 
collected from culture ponds. Caces-Borja 
and Rasalan (1968) observed the food of the 
fry of the species collected from prawn culti
vating ponds in Philippines to be comprised of 
' Lab-lab', an association of small plant 
and animal organisms. The above observations 
on the food of pond prawns by Hall (1962) 
sfiA Caces-Borja aAd Rasalan (1968) agre^ 
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TABLE 1 a. Percentage composition of food of P. indicus and P. monodon cultured in brackishwater ponds 

Size groups (mm) 21-40 
P. Indicus 

41-60 61-80 81-100 101-120 
P. monodon 

21-40 41-60 61-80 81-100 101-120 

Food items 

Bacillanophyceae 
or 

diatoms 

Myxophyceae 
or 

blue-green algae 

Desmids 

Plant parts 

Rotifers 

I*rotozoans 

Polychaete worms 

Crustacean parts with detritus 

76.33 

— 

8.15 

9.14 

0.48 

0.11 

— 

5.79 

83.43 

— • 

0.99 

6.89 

— 

— 

— 

8.69 

53.48 

10.00 

5.62 

26.92 

0.22 

— 

— 

3.73 

55.05 

41.19 

1.25 

1.25 

— 

— 

— 

1.26 

64.52 

17.74 

71.92 95.87 43.78 

22.50 1.43 23.67 23.00 26.00 

2.28 

3.30 

2-70 1.55 — — 

— 14.00 20.00 44.00 

4.00 — — 

13.00 57.00 30.00 

O 
> 

O 
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O 
v> 
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TABLE 1 b. Percentile composition of food ofM. monoceros and M. brevicomis cultured in brackishwater ponds 

Size groups (mm) 21-40 
Af. monoceros 

41-60 61-80 81-100 
M. brevicornis 

21-40 41-60 61-80 81-100 

O 
X 
> 

> 

H 

Food items 

Badllariophyceae or diatoms 

Myxopbyoeae or blue-green algae 

Desmids 

Flant parts 

Rotifers 

Protozoans 

CrostiKean parts with d^ris 

83.74 

— 

4.76 

11.50 

— 

— 

67.38 

1808 

1.52 

1Z82 

— 

— 

54.03 

14.23 

2.00 

18.50 

2.32 

8.92 

65.50 

31.29 

3.21 

37.00 

— 

2.78 

— 

9.76 

18.47 

31.99 

60.71 

— 

15.28 

— 

4.67 

— 

19.84 

31.00 

17.10 

— 

24.30 

— 

ZOO 

2 l60 

49.70 

12.50 

— 

33.60 

— 

2.00 

12.20 
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with our observations that the diatoms and 
blue-green algae which are generally found 
in algal mats of prawn poa^ f(»m the 
main food of the prawns. 

George (1974) studied the food of M. mono-
ceros and found as omnivorous in feeding 
habit Crustaceans such as amphipods, isopods 
and copepods ; polychaete remains; vegetable 
matters like angiosperm tissues and diatoms, 
foraminifera, molluscan shell pieces and detritus 
were the major items of food. In the present 
study, however, diatoms and plant parts were 
observed as main food of the prawn. Hall 
(1962) studied the food of 40 specimens of 

M. brevicornis of which 23 were from day light 
fishing operations in Malacca Straight and 17 
from night fishing from Singapore prawn pond 
and classified the species as feeding mainly on 
vegetable matter. The main food in order 
of abundance were angiosperm tissues and 
filamentous algal materials, small crustaceans 
like copepods, echiurid setae, remains of large 
crustaceans and fish and polychaetes. Sand 
grains were also observed in most of the speci
mens. However, the foods of prawns studied 
from brackishwater prawn ponds at Kakdwip 
in Sunderban region indicated diatoms and 
crustaceans to be the major food items of the 
species. 
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A REGRESSION MODEL FOR THE PREDICTION OF AVAILABIUTY 
OF PENAEUS MONODON FABRICIUS SEED . . i. 

H. C. KARMAKAR V ^, 

Kakdwip Research Centre* •• . «• •• 
Central Inland Fisheries Research Iristitute, Kakdwip-7A^3A7>)u 

West Bengal,:India , . 

ABSTRACT' 

A multiple regression model for the prediction of the availability of Pemeus moRO<foA,Fajbricius 
seed was developed by analysing the catch data of the seed collected from the Muriganga estuajry near 
Kakdwip Research Csntre during 1976-1978. In the regression model, catch (per net-hour) was 
correlated with water temperature, salinity and total suspended solid. Correlation between catch 
and transparency and dissolved oxygen were found to be non-significant. In fitted multiple regression 
model the analysis of variance was performed to test the significance of regression co-efficients where the 
salinity, water temperature and total suspended solid were observed to be highly significant. The 
rsgression co-sfflsients of the variates, transparency and dissolved oxygesn were found to be.non-sipufi-
cant and hence excluded from the model. The relative importance of the factors in predicting catch 
of P. monorfon seed is presented and discussed. < 

INTRODUCTION 

PRAWN CULTURE in India depends mainly upon 
naturally available seed for stocking. A know
ledge of the availability and peak period of 
abundance of various species of prawn post-
larvae are a must for formulating a successful 
selective prawn culture operation. Information 
on the prawn seed availability of the various 
estuarine systems in India such as Hooghly-
Matlab estuary (Chakraborty et al, 1977; 
GopalakrishnanandRao, 1968 ; Jhingranef a/., 
1970; Rao and Gopalakrishnnan 1968; Ravish-
chaixdra, 1962; Verghese et al, 1979, Subrah-
manyam and Rao, 1972; Karmakar et al, 
1979), Chilka lake (Kemp, 1915 ; Jhingran and 
Natarajan, 1970), Godavari estuary (Subrah-
manyam, 1964, 1965; Subrahmanyam and 
Oanapati, 1971), Pulicat lake (Rajendran 
and Sampath, 1975; Rao, 1973; Subrah-

* Present address: Central Inland Fisheries Research 
Substation, 47/1, Strand Road, Calcutta-700070. 

manyam and Rao, 1968), Adyar Estuary 
(Evangaline, 1969 ; Evangaline and Sudhakar, 
1972) and Cochin Backwater (Kuttyamma, 
1975 ; Kuttyamma and Antony, 1975 ; Moha-
med, 1970; Rao, 1972) have been reported. 
These reports generally deal with the .availabi
lity and seasonal abundance of the prawn post-
larvae. Verghese et al, (1979) attempted to 
correlate the abundance of Penaeus monodon 
Fabricius postlarvae with salinity and tempe
rature of ambient Water in Muriganga Estuary. 
Though P. monodon is a continuous breeder, 
the availability of the postlarvae fluctuates 
to a great extent according to the changes in 
the physico-chemical factors of the environ
ment. An attempt has been made in the present 
study to connect five different water quality 
parameters (temperature, salinity, total sus
pended solid, transparency and dissolved oxy
gen) with the catch of P. monodon post-larvae/ 
net/hour data by fitting a multiple regression 
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I model and to predict the availability of' 
|P. monodon postlarvae from such a model. ~ 

The author is thankful to Dr. A. V. 
Natarajan, Director, Central Inland Fisheries 
Research Imititute and to Shri D. D, Haider, 
Oflfcer-in-Charge, Kakdwip Research Centre 
for their interest and mc^niragement. Be m 
also grateful to Shri A. N. Ghosh, PrqjeQt̂  
Director, State Fisheries Development CS^^itt^-' 
tion, West Bengal for suggesting the problem 
and to Shri P. Ravichandran for going through 
[he wan«s<?ript. "Jlaate iuift».£4i©?tt> Sri, 8^8,, 
iDas for rendering help in ^ e o ^ ^ ag^Iysis. 

3' >*!. 
MATERIALS AND METHODS xr 

i 
j Tiia prajtfa seedfw»e eoUected hy (Operating 
jstendacd iMWaapore #pe of i dwofting net' < 
{(32a^ral^gtb X 31Qcm b r e i ^ t x iSO ânt at 
tnouth) of: 1/8" mesh isizedn die Marigaa^'^ 
bstttacy during i976-I&ffapnO!ito hour tde one 
day dumg. (Sash spristg^itide, ^̂ Tto ooite(Aios< 
jwere-jremowed frojB the toil.piecte;nimx in half' 
ift iMur juid bscmi^ to the JMd Mtormur^^ 
aril maSVial aigre^tiooi.xyfu/^ mon^dm'fosi* 
arvae as per the technique discussed elsewhere 

iVerghese et al.,A979).,- The number of p&st-
jarvae coll»<ted by the net w^«-i«6(Mded as 
<iatch/net/hour. Simultaneously water samples 
Were collected' and temperktt^e and turbidity 
1-ecorded. Salinity, dissolved oxygen and total 
fuspended solid Were an^x8ed;a#'per standard 
inethods (A.P.H.A., 1965); A total of 49 
$amples were collected and analysedin the study. 

; For the regression model the CoWelation 
^tWeen catch (no./net/hour) of P. monodon 
postlarvae with each of the variables, water 
temperature, salinil^i total suspencfed solid, 
ijransparency and dissolved oxygen Were oal-
(julated. Only the correlati««i between the 
(jatch and water temperature, salinity and total 
sjuspended solid were found significant and the 
l̂ vel of the significMice, varied between 5% 
ti) 0.1 %. Although correlation between tiatch 

and turbidity and dissolved oxygen Were found 
nott^^iflcant at 5% level, they Were also 
inclined in the model along with the signifi
cant ,yariables to connect' with the catch by a 
multiple regression model: 

Y=5bo+bi Xi+ba Xg+bg Xg+b, Xt+h^ Xg 

Where YsaCatch (no./ttet/hour) of P. nump-
dm seed 

Xi>=» Water tcni5)erature (°C) 
X2=sSalimty i(ppt) 

c? J Xs=r»|rot§j|;Supeilded solid (gms) 
) i X4=*THuf*paMMJy(mm) 

Xj«=!Dis«>Iwd oxygen (ppm) 

Th«j liJttl^le i«giesMo& model was fitted 
to th«tjd^ 1^ the sKthod of least square end 
the aoipial etual»oas w » solved with the 
help 9i a desk oalculatinr. The significance of 
the regression co-efficients were tested using 
analysis of v^iance techniques. Also the 
relative importancg of' each of the variables 
msitknied in fhe prediction equation was 
caicidaleid usin^'the* formula: 

oixv2xi2/2y)2 (Snedecor and Cochran, 1967). 

'RESULTS AND DISCUSSION 

F'rdm tbe normal equations the regression 
co-efficjents bo to bs weje calculated. The 
equaticp of the fitted, regression was 
Y=^—€550.27285 + 205.69198xj + 164. 
71845xa + 485.95702xj — 4.61529x« -H 19. 
•47794xs., 

Significance of the regression co-efficients 
was tested by F-test asid the analysis of variance 
wa» i«eseated in-TaWe 1. From the table it is 
evident that the sOm df square due to regres
sion v(tos found to be highly significant at 1 % 
level. But the si^fiqwce, of the individual 
b's were tested by %' test Where t=^bi/SE<yQi 
and Gil are the ^emoMs of Inverse matrix. 
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TABLE 1 ,j Analysis of variance 

Source 
Degress 

of 
freedom 

SS MS.S. 

Due to regression 
Deviation from 

regression 

Total 

5 95725145.32 19145029,06 

43 80113443.68 1863103.34 

10:275» 

48 175838589.00 

• Significant at 1 % level. 

The regression co-efî sients bj (t=54.2569, 
43 d.f.), bs, (t=^l5.8926, 43 d.f.) and bg (t=^ 
2.3238, 43 d.f.) were found to be highly signifi
cant. But the co-efficients b, (t=»0.7974,43 d.f.) 
and bg (t=s0.1683, 43 d.f.) Were found to be 
nonsignificant and hence the variables,(trans
parency and dissdved oxygra have been 
excluded from ths model. The new Model 
thus becomes • 

Y«=abo-h biXi-h baXj+baXg 

Where Y, Xj, x, and Xs have usual mea
nings. By solving the normal equations in 
usual way the regression co-efficients bo to bg 

of the new model wer« dacriated.. /Hie equa
tion <rf the fitted regression Was 

Y = - 6207.5l28±185.1930xi + 153.7306x,+ 
535.9532x8 

Analysis of varianoe of the significanoe of 
these regression co-^icients was presented 
in Table 2. From this table it could be seen 
that the regression co-effioients are all signifi
cant at 1% level mcUcating diat fitted moctel 
is capable of explaiaiog a si^ficance part 
of the variability in the oat^ of the seed of 
P. monodon. The fitted regression model oould 
explain only 52% of the variability. Thou^ 

TABLE 2. Analysis of variance for testing significcmce of fitted regression model 

Source 

Regrrasion 
Deviations 

Total 

Degress 
of 

freedom 

3 
45 

48 

SS 

92618568.86 
83220020.14 

175838589.00 

MS.S 

30872856.27 
1849333.78 

F 

i6.m* 

Highly significant at 1 % level. 

TABLE 3. Relative importance of the variables included in the new regression tmdel 

Variables 
II I I m l — » ^ p » » . i — i i > I II 

Relative importance 

Salinity 
Water temperature 
Tdtal suspended sdid 

0.4704 
0.4074 
0.2840 
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fiyp main variables of Watear W^̂  studied, still a 
l a ^ part of the variability «oi^d not be explai
ned by the regifession model d'olVedlfroiti these 
variables. Some pore ii^poftant variables such 
as tidal amplitude, velooity of water ourrent 
and i>rimary productivity Were not taken 
into account in this study, ifor a better 
prediction model, the above variables should 
also b | studied along vî ith t^nperatt^ii, salinity 
and lot^ suspended sqlid, 

The relative importance of the variables 
included in the regression model is presented 
in Table 3. It is evident from the table that 
the salinity is a pronunent factor in the i^edi-
ction of catch fdlowed by water temperature 
and total suspended solid, which confirms the 
earlier observations (Verghese et al„ 1979; 
Kuttyamma, 1975). 
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FORMICATION OF CHEAP PRAWN DIETS AND THEIR BIOLOGICAL 
EVALUATION ON SOME PENAEID PRAWNS 

USHA CkĴ VASD AND S. C. GOSWAMI 

National institute of Oceanography, Dona Paula, Goa-403 004, India 

ABSTRACT 

While using the cheap locally available wastes and raw materials, two compound diets have been 
formulated and prepared. Thrte species of penaeid prawns viz. Metapenaeus monoceros, M. affinis and 
PeHaeus indicus were fed on these diets in the laboratory for their biological evaluation. The essential 
featunes ai a shrinip diet such as the physical stability in water and its ingestion rate at different time 
intervals are also di$cq$ged. 

Î fTRODUC^ON 

THE FORMULATION of cheap prawn diets is of 
paramount importance to the commercial 
venture of prawn culture. This can be achie
ved by utilizing and experimenting upon a 
variety of locally available loW-priced raw 
materials. Goswami and Goswami (1979) had 
reported the good nutritive value of slaughter 
house waste like beef liver discarded for human 
use on veterinary grounds, coconut oil cake, 
etc. and advocated their use in formulation of 
compoimd prawn diets. The present com
munication deals with laboratory experiments 
of two such diets prepared and tested for their 
physical stability, ingestion rate and biological 
ef&iency before undertaking' them for field 
trials. 

The authors are grateful to Dr. S. Z. Qasim, 
Director, NIC, Goa for encouragement and 
valuable comments on the manuscript. Thanks 
are due to Dr. T. S. S. Rao for useful sugges
tions. 

|ylATBRIALS AND METHODS 

Two dry pelleted diets (A and B) were pre
pared'* utilizing slaughter house waste (beef 

liver discarded for human use), coconut oil 
cake, soya flour* mangrove leaves, wheat flour 
and distilled water in diiferent amounts 
(Table 1). The details of methodology of 
forming the feed is as described elsewhere 

TABLE 1. Composition (%) of different ingredients 
in diet A and B 

Ingredient 

Slaughter house waste 
Coconut oil cake 
Soya flour 
Mangrove leaves 
Wheat flour 
Distilled Water 

Diet A 

30 
10 
20 
10 
35 
40 

Diet B 

45 
15 
20 

5 
20 
60 

(Goswami and Goswami, 1979). The per-oent 
bio chemical composition of the major nut
rients are given in Table 2. The diets were 
labelled A and B. 

Three series of experiments Were designed 
to find out (1) the water stability of the diets in 
different salinities of sea Water (5, 10, 20, 30 
and35 %„) after 18 hours, (2) effect on the rate of 
inlĝ stiom after feeding intervals of 3, 5, 18 and 
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48 hours to the prawn Metapenaeus monoceros 
and (3) a comparative studies on growth rate 
and food conversion ratios in M. monoceros, 
M. affinis aj^d. Penaeus indicus fed upon the 
two prepared diets and the control diet C 
frozen fish flesh). 

TABLE 2. Total ("/„) biochemical composition of major 
nutrients in the diets A and B 

Protein 
Carbohydrates 
Lipids 

Diet A DietB 

33.58 
8.73 

15.62 

42.241 
11.64 
15.03 

The general environmental conditions were 
kept uniform for all the experiments e.g. size 
of tanks (45 x 23 x 30 cm.); depth of Water 
(12 cm), "temperature (28.5 ±1°C), aeration 
(30-50 bubbles) and photoperiod (12 hours). 
The experimental animals for series 2 and 3 
(32-42 inm size) Were collected from a fish 
flirm in Old Goa. These were acclimatized 
for a week to the test diets and then kept 
without food for 24 hours prior to initiating 
new experiments. In both the series number of 
replicates (1) and animals (10/tank) were also 
kept the same. Experiments of series 3 lasted 
for 30 days. The other details of methodology 
and computation of data were after Balazs et al. 
(1973), Sick et al. (1972) and Venkataramiah 
et al. (1975) for series 1, 2 and 3 respectively. 

RESULTS 

The resuhs of our first series of experiments 
with diet A and B in different salinities of 
seawater showed that loss of dry weight after 
18 hours was more for diet B and the values 
decreased gradually with an increase in the 
salinity (Table 3). 

For second series of experiments pertaining 
19 the inge^ti«a rate after 3, 5, 18 and 48 hours, 
î t Was found that diet A showed better results 

than diet B in all time intervals except for the 
initial 3 hours (see Table 3). However, the 
maximum value Was noticed after 5 hours 
(65.6) which continuously dojreased (15.0 after 
48 hours). 

Results of the third series of e3q)eriments 
conducted showed that all the animals survived 
till the end of the experimental period. They 
fed well and showed increase in length and Wet 
weight. For all the species length gain was 
maximum with diet C. However, amongst 
the prepared diets, diet A showed better results 
almost approaching to that of diet C. Wet 
Weight gain in species of Metapenaeus was 
in the order of diet C, B and A whereas With 
P. indicus diet A showed the maximum values. 

TABLE 3. Dry weight loss (%) of the two diets in 
different salinities of sea water kept for 
18 m. (200 mg of feeds were added to each 
salinity) 

Salinities (%„) 

5 
10 
20 
30 
35 

Diet A 

6 
3.5 

2.52 

•• 

Die t s 

16.90 
15.15 
13.55 
8.85 

•• 

Diet A When fed upon M. monoceros, M. 
affinis and P. indicus gave food conversion 
ratios (FCR) as 3.078,7,19 and 1.54 respecftively. 
Similarly, diet B showed the highest ratios in 
M. affinis, and lowest in P. indicus (Table 5). 
But diet C, showed highest to lowest values 
in ths order of P. indicus, M. affinis and M. 
monoceros. 

DISCUSSION 

Due to the intermittent feeding behaviour 
of the prawns, good water stability of any 
compound 4iet is a highly desirable feature 
(New, 1^76). In the first series of experiaients 
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TABLE '4. Ingestion rate/hour * of diet A and B by juvenile Metapenaeus monoceros 
( Values are given in mg die:t on dry weight basis) 

Time (T) in hours 

Diet A 

Initial Vvt (M i) j J 
Final wt (M f) 
Wt loss in water (Md) 
Ingestion rate/hour 

Die t s 

Initial wt (M i) 
Final wt(Mf) 
Wt loss in water (Md) 

la** 

106 
100 

2 
lb 

106 
48 

Ingestion rate/hour 17.33 

* Ingestion rate/hour (I) 

3 

Control 

106 
106 

Control 

1«6 
100 

6 

•• 

2a . 

329 

65.6 
2b 

329 
137 

36.4 

5 

Control 

329 
- 328 

1 

Control 

329 
319 

10 

Mi'Mf-Md I , „. . 
= , ^: '(after Sick e/. at., 1 

3a 

650 
60 

32.6 
3b 

650 
201 

, , 
22.66 

1973). 

18 

Control 

650 
647 

3 
. . 

Control 

650 
609 
41 

•• 

: 4a 

850 
90 
, , 

15.0 
4b 

850 
100 

, , 
13.20 

48 

Control 

850 * 
810^ 
40 
, , 

Control , 

850 
734 
116 

•• 

** 1«4 as a & b are the number of tanks used for diet A and B respectively. 

TABLE 5. Per cent length, wet weight gain and food conversion ratios* for Metapenaeus monoceros, 
M. affinis and Penaeus indicus fed upon diets A and B and C (Control). The experiment 
period was 30 days 

Diets 

A 

B 

C 

Length 

23.46 

9.42 

24.38 

M. monqceros 

Weight 

25.06 

33.73 

34.77 

FCR 

3.078 

2.33 

1,92 

Length 

14.78 

12.22 

17.78 

M. afflnis 

Weight 

11.07 

22.53 

31.18 

FCR 

7.19 

3.71 

1.93 

Length 

7.33 

7.20 

15.64 

P. indicus 

Weight 

41.64 

27.33 

32.36 

FCR 

1.54 

1.64 

2.72 

* FCR=Dry food consumed/live wt gain. 

the lower water stability of diet B as compared 
with diet A is probably due to the different 
composition of Wheat flour and distilled 
water. Balazs et al. (1973) have explained 
in detail the physico-chemical reactions involved 
in such circumstances. The decrea^ in the 
dry weight loss with an increase in salinity 
suggests the use of common salt while prepa

ring compound diets. Gunter and Venkat-
ramiah (1975) had included a preferable 
concentration of sea Water in a patented shrimp 
diet..as mentioned by New (1976). 

Water stability and ingestion rate of the 
diet are two inter-related factors. This is 
further ascertained frorw second series of our 
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experiments where diet A with good stability 
has shown better ingestion rate after 5,18 and 
48 hours. The lowest value in the initial 3 
hours is probably due to the hard texture of 
the diet thereby hindering in the masticatory 
process. New (1976) has reviewed the impor
tance of optimum moisture content in the prawn 
diets. 

Data on growth rates and food conversion 
ratios on various species of panaeid prawns 
have earlier been published by Andrews et al. 
(1972), Venkataramiah et al. (1975) and Royan 
et al. (1977). Royan et al. (1977) have repor
ted FCR values ranging between 0.94-3.50 
when M. monoceros Was fed upon different 
levels of protein. However, the results of 
all these earlier workers are not directly 
comparable to the present case due to different 
diets, species, size of animals and other environ
mental parameters involved; each of which 
has a varying effect on the food conversion 
efllciency (New, 1976). Since high FCR values 

shows the tow food conversion efiGkiiency, 
from third series of present experiments it 
can be derived that diets A and B have shown 
best food conversion efficiency on P. indicus 
and lowest on M. affinis. It further suggests 
that good efficiency of a diet shown on one 
species cannot be taken for granted to be the 
same in other species also. This becomes inore 
clear as we think of the inherent differences 
amongst species as a natural biological pheno
menon (Bishop, 1966). 

In conclusion it may be said that while 
undertaking field trials With the diets A and B, 
a combination of the two given Qn subsequent 
days will probably show better results since 
in the traditional type of prawn culture ponds 
in India, the stocking is not selective, so many 
species grow together at the same time. Keep
ing in view the ingestion rate, the frequency 
of feeding diet A once per day and diet B twice 
per day will be sufficient to maintain better 
quality of water. 
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EFFECTS OF STARVATION AND OF Al.GAE-FEEDQ4ti ON THE TISSUE 
CHOIiESTEROL LEVELSl IN COMJpiRCIAL SHfiIMP PENAEUS AZTECUS IVES 

R. V. JO ŜiDiirAMQORTHr. A. VB&KATAKAMIAH, Cr. J. LAKSHMI Am7 PAIKICIA BiSSlOT 

Gvljf Coast R&smrch iMbratory, Ocean Springs, Missi5sippi-39564, U.S.A. 

1—• . ' , : Aftsi^ACT' 

Tissue lipid and cholesterol contents of br^pn shrimp Penaeus aztecm Ives were compared in the 
laboratory among starved individuals and those fed grem algae IMva lactuca and Etaeromorpha sp. or 
a pelleted diet. Cholesterol leveTs w$re found to vary with size, sex, and diet. 

, • • • i i ' j . • . " • ! • 

Shrimp fed the pdieted diet shpvred an increase in cholesterol cont^t with increased body weight. 
The finales showed a greatjop hepatc^ancreatic mass and higher cholestnul content in muscle, eyes, 
and hepatopancreas th^n mates fed the sŝ me diet. The eyes contained the most cholesterol of all tissues 
t e s ^ ; the level increase^ linearly in males bv̂  geometrically in females. Hepatopancreatic cholesterol 
levbl increased linearly with slze^in females but Vfniained essentially unchaniMl in males. Muscle 
cholesterol increased lini^rly aslictdy ^ight increased among femal^^ vt^imas maltis maintained a 
st«tdy level independent of size. "̂ "̂  i 

, , , J ' , , . . - . • : • : } / • ^ . • 

Starvation reduced thf^(pi^ weight and; Iwp t̂topancreatic cholesterol level of both sexes while 
levels in other tissues nmawed essratially und^ged. The shrimp which fed on green algae 
U.ltKtUca and Entfromgrg^ sp. had si^ficantly reduced cholesterol levels in the muscle, hepato-
pa ĉTeas and blood. The levels in the eyes were not modified by alg^fi l i^g;' ' 

7: 
, &ctrapda^di«erelatkiuiM»i>ttt»wcte«tedth4tthebulk:ofmarJcetabIe shrimp (60-68 whole 

^llrifip/lb) iiave n^ti^lvMK.^hiriaMn'Ql levels tiianis reportecl.in nutriti(Kial and pedical litera-, 
ture. It uppsars that j^^n^ji^ tlw,$linmp, t|ie lower its b^blesterol cbfitehi will be. Only 'jumbo' 
shrimp |(30 or less whole ^inip/lb) ^qwfd a value closkto the reported value. Compared to caviar, 
organ meats, brainy and eggs, shrin^ muscle shows a low-cholesterol ctWrtent. 

INXRODUCTION Kanazawa cf'a?, (19^1) added evidence to 
NumnoNAL (USDA. 1963; USBA, 1971; ^h^w tliat sterols; erf t h e { J a p a ^ ^ 
Feeley ^t al, 1972) and medic^ iScrinidxaw. f «?8^°^"^ o r . ^ , probably accumulated 
1975) literature report tiie piSeivJe" «^ ^ g h ^^^^^ ^ \ l ^ y di^ary, factors of plant 
cholesterol levels in sKellfisli. including shrimp. "^'^ ^ave been ,4h«w to be associated with 
These values are relatively higher than those of cholesterol met#b(rii^i» vertebrate tissues 
lean cuts and fish. There is now unifying and to caufp ^^gjiift^nt hypocljolesteroia 
evidence that many crustaoulas utilize choles- (Coqper et ei^l9£0 ; wSorimshaw, 1&75). 
terol for their normal growth and survival 'Thte^midy^xcmibtwta^imp Penaeus ^eateaa 
(Castell et al., 1975) bot iadividudiy)<iia]^ Ives be^s tm algal and >^mt mafyaial evm 
syntbesiw the mokoule icohi me^i ^eoiHv-i^ whwvfood of animal origin is^^bimdant in 
SOTS like ftcet^e or m £ v a l o a a t o # 8 a d e ^ l 9 ^ t ( ; t h e i lodaity (yeAfcataramiah et al., 1977). 
Whit8^.!j5^;TedMmaOTdKW«a»Way497l^.! f|t vo«(Hd be interesting to note wliether su<fl̂  
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behaviour affects the natural cholesterol con
tent of brown shrimp. 

This report compares the distribution of 
cholesterol in the tissues of shrimp fed on a 
compounded diet with those fed algae for two 
Weeks and with animals starved fqr two Weeks. 
This analysis reveals the effects of feeding 
level and schedule on the tissue cholesterol 
content of brown shrimp. The pelleted diet 
provides the nutritional requirements of the 
shrimp and serves as the optimized control 
in these invstigations. In addition, the study 
on the distribution and level of cholesterol 
and total lipids in the tissues of commercial 
brown shrimp /". aztecus Ives supplements 
existing information on the nutritional value 
of brown shrimp. 

We wish to thank Dr. Gordon Gunter, 
Director Emeritus, Gulf Coast Research Labora
tory for his encouragement and Mrs. Sharon 
Wilson Christmas for typing the manuscript. 

MATERIAL AND MBTHODS 

Brown shrimp P. aztecus Ives were trawled 
from Davis Bayou Ocean Sprmgs, Mississippi 
during August and September 1977 and, 
maintained in the laboratory as described 
by Venkataramiah et al. (1977). They were 
fed a pelleted diet (35.6% protein), formulated 
in the Physiology Section of the Gulf Coast 
Research Laboratory (Gunter and Venkata
ramiah, 1975) for 45 days; fish meal was the 
main'protein source. The pellets contained 
1.157 mg cholesterol per g dry mass. A batch 
of shrnnp was maintained in a separate tank 
and 4eprived~of food ^ d algae for 2 weeks 
at whiteh lime they'Were sacrifided for the 
experiments. Another batch was left in a tank 
containing two species of brackishwater green 
alg^, sea lettuce Ulva lactuca and Entero-
morgha sp. As and when the animals consumed 
^ e al|ae, fre^ n^ateria} w^s ^dded to the 

tank for a period of two weeks until the animals 
were used for experimentation. 

Total lipids were ssxtracte^ from t^e v||icile 
shrimp as Well as from various individual tissues 
by the method of Bligh and Dyer (1959). 
Only intermolt shrimp were ust^ fbr ln^ses . 
The tissue w*s ^Veighed, mincedi. land homo
genized in a tissue grinder; the 3 j8-sterols 
Were extracted in an acetone-alcohol mixture 
(1 :1) using 10 ml per g tissue. The super
natant Was separated by centrifugation at 
1500 g in an lEC PR-J centrifuge and the 
sterols precipitated With digitonin (Sigma Co) 
after saponification of the extract. The preci
pitate was collected by centrifugation at 
1500 g, purified by repeated washings with 
acetone-alcohol, ahd subjected to the Liber-
man-Burchard color reaction (Sperry and Webb, 
1950) using a photo-electric colorimeter.,, Cho
lesterol (Sigma Co.) was ifsed as the o^lori-
metric standard. The digitonide was dissolved 
in pyridine and subjected to silicated tiiin layer 
chromatography (TLC) to check purity of 
the sterols. The plates were developed in 
petroleiun ether-diethyl ether-acetic acid (85 : 
15 : O^nd th&.s|tot8 were visualized by charring 
at 105*G after being sprayed with 6N HiSOi. 
Further analysis of sterols by OLC was not 
done because it is known that cfaol^iterol 
constitutes 95-98% of total sterol in peinaeid 
shrimp (Thompson, 1964). 

Statistical analyses Were .done on an IBM 
1130 scientific subroutine p^^kage and the 
' t * statistics computed, following the formula 
given % Sok4pdR<#Xr969). 

The TLC (Studies indioited that the extrac«-
ted sterol res^nblecb- Uie auAcatic iample t€ 
ohc^estero^ confirming the eartter ^ reports 
(Thompson, 1964)* that shrimp st<*ols ftre 
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cholesterol. Fig. 1 illi^stra|jes the changes iii, 
total lipids With reference to body weight. 
An increase in body wei^tcaused aninerease 
in the lipid content of the shrimp. Ii;ipid aiccu-
mulation in the tissues in relation to body 
Weight was curvilinear. Large females showed 

20 

10 

(J ) / ' 3«l4«.l.4S60x-0.0333«* 
( f 0.9927) 

• / 
1—1 I L. 
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Fig. 1. Total lipid in relation to body weight of 
shrimp P. aztecus fed on pelleted diet. 

j relatively greater lipid content than males 
of the same size. The tissue lipid CMitent 
showed sex-dependent variations (Table 1). 
Females of 12.5 g mean body weight showed 
significantly higher (p <: 0.001) lipid content 
in the muscle, eyes and hepatopancreas than 
males. No signfiicant sex-related difierences 
Were noticed in the gills or exoskeleton. These 
data indicate that lipid stores are restricted to 
certain tissaes. 

The lipid content of the hepatopancreas was 
greatest of all the tissues exammed (Table 1). 
Eyes (which included eyeball and ey^stalk) 
contained more lipid than the abdominal muscle 
tissue (Tables 1, 2). The weight of the hepa
topancreas increased non-linearly with refe
rence to body Weight (Fi|, 2); the increase 
was greater among females than males. 

Table 2- gives the relative distribution erf 
'Cholesterol in the tissues of shrimp With refe-
renge to sex. The eyes contained the most 

cholesterol and th? exoskeleton the least. 
Although females had a larger hepatopancreas 
and a greater lipid st<we in it, the cholesterol 
ccattent of the female hepatopancreas was 
significantly less than thai of males. 

Table 3 presents a comparative account 
of the effects of starvation vs. feeding on the 
pelleted diet on the cholesterol content of* 
shrimp. In order to detect the effects of starva
tion on size of the shrimp, the experiment was 
started With similarly-sized individuals (of a 
uniform length and Weight). After two weeks 
of starvation, the shrimp were found to measure 
the same length but they had a relatively lower 
body weight. The starved individuals lost 
16.04% of the initial Weight in case of males 
but only 10.91 % in the case of females. In 
both sexes the cholesterol content of the blood 
and abdominal muscle did Jiot alter on a unit 
Wet Weight basis. However, there was a 
significant decrease in the hepatopancreas after 
starvation. It can be concluded from these 
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•Fig. 2. Body weight and hepatopancreas weight 
relationsh^ in shrimp P. aztecus fed on palleted diet. 

data that starvation mobilizes the cholesterol 
levels of the hepatopancreas in both sexes. 

Figs. 3 to 6 ilhiitrate the variations of 
0hc !̂Ste«rf contotts With reference to algae-
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TABLE 1. Lipid content in intermouit shrimp Penaeus azt6cus fed on a pelleted diet. 
Mean body weight 12.5 g. 

Tissues 

Muscle 

Eyes 

HepatopancTeas 

Gills 

Exoskeleton 

N 

4 

5 

5 

5 

5 

Lipid content (mg/g tissue)—x± S.D. 

Male 

6.82± 0.52 

48.64± 1.24 

49.32+ 2.46 

17.86+ 1.88 

3.18+ 0.28 

Female 

8.38±0.31 

54.49+ 2.34 

62.72±1.64 

19.46± 0.96 

3.39±0.17 

' t ' 

5.15 

4.94 

10.13 

1.69 

1.96 

TABLE 2. Cholesterol levels in tissues of intermouit shrimp Penaeus aztecus/«</ 
on a pelleted diet. Mean body weight 10.3 ^ 

Tissue 
Cholesterol (mg/g tissue) 

Male 

0.15 

5.47 

1.72 

1.82 

2.66 

1.59 

0.22 

1.38 

Fentale 

0.34 

4.69 

1.81 

1.78 

1.79 

1.05 

0.23 

0.79 

Blood 

Eyes 

Heart 

Gills 

Gut (and contents) 

Muscle 

Exoskeleton 

Hepatopancreas 

TABLE 3. Comparison of cholesterol levels in brown shrimp Penaeus aztecus between fed contrtAs 
and shrimp starved for two weeks 

Test 
Shrimp 

Fed (male) 

Starved (male) 

Fed (Female) 

Starved (Female) 

N 

6 

5 

4 

6 

Post-test 
Length 
(mm) 

114±3 

113±4» 

130±2 

131 ±3" 

Post-test 
Weight 

(g) 

10.97+ 0.38 

9.21 ± 0.43b 

17.13 ±0.23 

15,26± 1.01b 

Cholesterol (mg/g tis8ue)-^x± S.D. 

Muscle 

1.56±0.18 

1.38±0.07« 

I.52±0.16 

1.41±0.08« 

Blood 

0.34± 0.08 

0.29± 0.09« 

0.24+ 0.05 

0.23+0.04" 

Hepatopancreas 

1.21±0.11 

0.88±0.07«» 

0.924 0.03 

0.81± 0.08b 

a No change compared to fed control (p > 0.001). 
1? Red\^ipn in weight cpmpare^ to fe4 control (p -̂  O.Opl), 



to 

OJB 

TISSUE CHOl̂ ESTEROL LEVELS IN PENAEUS AZTECVS 219 
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fig. 3. Variations in the cholesterol content of blood 
of JP. aiteeus in relation to body wd^t. Regression 
eqv|a«ions: Male control y=0.1589+0.017x, r-0.8409 ; 
M^eatiaefed y=»O.1482+O.0078x, r=0,8237 ; Female 
c o i ^ y=0.0535x-0.3984. r=0.8051 ; Female algae 
fed] y-0.dl2x-0.0237, r-0.9239. No significant 
diff^nces between slopes of control and algae fed wwe 
fbu|id. '13̂  ' •• 

F M M I * Contr*l 

0- — —-C.M«(« Control 
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; 9 K) It 20 

9t6l wlfM—t .••"""' 

Fig;. 4. Variations in the cholesterpl content of tlje 
tail taiuscle of P. aztecus with reference to body weight-
Regression equations: Male control y =1.6847— 
0.0Cp4x, r=—0.146; Male algae fed y;=1.4896-
0.0148X, r== -0.6286; Female control y=0,2085 +0.08??,. 
r={j.9132; Female algae fed y=0.3U3+O.04^4x, 
r=(.9914. No significant differences between slopes of 
foniro) and alga? f?4 were fovJndt 

feeding and to the pelleted diet and the distri
bution of cholesterol^ witlK reference to sex and 
body Weight in the blood, muscle, eyes and 
hepatopancreas. In general, the cholsterol 
content varied with body weight. Invariably 
the variation was an_ increase as the 
boefy weight inciteased. The increases w6re 
linear in the eyes (Fig. 5) and blood (Fig. 3) erf ^ 
males as well as in the hepatopancreas (Fig. 6), 
blood and muscle of females. The increase was 
curvilinear in the eyes of female shrimp (Fig. 5). 
The content was maintained at a steady level 
in ffie hepatopancreas (Fig. 6) and muscle 
(Fig. 4) dt males, irrespective of body weight. 

Compared to shrimp fed the pelleted diet, 
the algae-fed shrimp of both sexes showed 
significantly reduced levels of cholesterol in the 
tissues like muscle, hepatopancreas and blood 
(Figs. 3 to 6). Algae-feeding did not alter 
the levels in the ^es of either males or females 
(Fig. 5). 

DISCUSSION 

Prawns (Kanazawa ê  a/., 1976) and orabs 
(Spaziani and Kater, 1973) showed tissue-speci
fic variations in the (Afdesterd coatent. Species-
spe«fio variations *ere noticed in certain crabs 
by Zandee and Kraittyagen (1975) who reported 
that in Cance^r pagurm the males showed a 
higher cholesterol level m the mid-gut gland 
than fanales. The presdttt results ascertain 
the cholesterol ifevels in brown shrimp are m>t 
only tissue-specific but also sex-and size-specific 
as well as related to diet. 

I^ipid content of the whole shrimp Was lower 
among females than males but the individual 
tissues of females showed significantly greater 
lipid contents than those of males (Table 1 
and Fig. 1). This discrepancy may be due to 
dietary fats that were extracted when the 
whole shrimp was used for analyses. Or it 
mg^p be due to * depot lipids' Which Were not 
dealt With here. V the former view is hel4, 
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there would be sex̂ 'Specific variation- in the 
alffloffption-of dietary fats in shrimp.* 

The relative differences in lipid and cholesterol 
levels in tissues with reference to sex indicate 
the maintenance utilization of the store (Giese, 
1966; Lawrence, 1976a). Female shrimp 
showed greater lipid levels as these animals 
supposedly require greater somatic lipid reser
ves for egg production in season. Blackmore 
(1969) demonstrated such mobilization and 
necessity of stores in limpets Patella vulgata. 
Aldricb (1974) has suggested that prepubes-
cent moulting crabs such as Libinia emarginata 
have a higher usage of their hepatopancreas 
as shown by the higher proportional size and 
higher lipid level than mature non-moulting 
crabs. Probably the greater size and higher 
lijMd level of the hepatopancreas of female 
shrimp (Fig. 2) may be a result of lipid storage 
in anticipation for gametogenetic activities. 
Lawrence (1976b) has shown that the hepato
pancreas of two species of tropical hermit 
crabs, which are known to have seasonal 
reproduction, are large and store high levels 
of'lipid preparatory to reproduction. 

The^cholestep^ data obtained for P. aztecus 
in iht> present study are comparable with 
those <tf P. Japonieus (Kanazawa et al., 
1976)'. Jn P. j»ponicus the eyestalks had the 
most cholesterol as w^ll as the most lipid. In 
the present study with P. aztecus however, 
the «yes had the highest cholesterol content 
while the hepatopancreas had the most lipid. 
Optic ganglionic locations within the eyestalk 
of decapods differ greatly. The ganglion is 
located in th^ middle of the stalk in P. aztecus 
unlike the hermit crab where it is located at 
the base of the stalk (Gebe, 1966). The optic 
ganglion forms a major fraction of the stalk 
mass in shrimp. Nervous tissue is rich in 
cholesterol as the latter forms the structural 
component of all membrane (Kritchevsky, 
1958). .Probably for this reason, the eyes 

-sbowei^ a high chol^terol level on a unit 
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Body wtfght — ( 
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- — A Mol* Algoi-Fod 

20 

Fig. 5. Variations in tlie ctiolesterol content of the 
eyes of Penaeus aztecus with reference to body size. 
Regres sion equations: Male control y=2.3618 + 
0.1798x,r=0.8114; Male algae fed y-.3.0274+0.1328x, 
r = 0.9601; Female control y = - 9.2637 + 
1.5466X - 0.0406x«, r = 0.9909; Female algae fed y •* 
- 9.281 + 1.54X - 0.041X', r== 0.9813. No significuit 
differences between slopes of control and algae fed 
were found. 
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Fig. 6. Variations in the cholesterol content of the 
hepatopancreas of Penaeus aztecus with reference fo 
body weight. Regression equations: Male control 
y=1.2657 + 0.0115x, r - 0.0978 ; Male algae fed 
y = 0.944+0.0056X, r = 0.3384 ; Female control 
y = 0.1386-0.6361, r = 0.9493 ; Female algae fed 
y = 0.666x - 0.2234, r =• - 0.2i231. A, significant 
difference (F = 4.7816) between the slopes of FenwW 
algae fed and cgntrol w»s fowdi 
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Wei^ basis. Algae-feeding did sot alter the 
level in tile eyes indicating the absence of 
'depot' cholesterol. 

Unlike vertebrates (Ktitcaievsky, 1958) the 
shrimp blood cholesterol increased with body 
Weight. The reasons are yfct unclear; perhaps 
greater mobilization or lesser peripheral utUi-
zation of cholesterol may keep the bl(K>d level 
increasing as the body weight increases-

The results preseated here demonstrate that 
even in invertebrates such as shrimp, dietary 
factors influence the cholesterol levels in tissues. 
The factors present in the algal diet reduced 
the cholesterol levels s^nifieaatly in the tissues 
such as muscle, and hepatopanoreas; whereas 
starvatitm did not affect those levels. This is 
an interesting observation. Worthy enough 
to pursue further in order tp note the nature 
of the factors which are actually responsible 
for the low cholesterol content in shrimp. 
However, the experimental results demonstra
ted that ma^tenance (^ sufficient algae like 
Vha and Enteromorpha in aquacultural sys-
tems» Would lead to lessening the cholesterol 
accumulation or lowering of cholesterol reserves 
in the body. 

The data on muscle cholesterol variations 
(Fig. 4) are particularly interesting because 
they give some information to evaluate objec
tively the reported cholesterol levels in shrimp 
as a human food. The majority of shrimp 
landed in the Gulf of Mexico are in the 60-68 
heads-o^ count per lb size group (NOAA, 
1974; Chri^mas and Etzold, 1977): each 

individual has a calculated mean ^ o l e body 
Weight less than 7.9 g. Tbfc 68-heads-on count 
per lb is the legal minimum size in Mississippi 
to determine the opening of the shrimping 
season in the summer; this size constitute 70% 
of the catch. At this size according to the 
present results (Fig. 4) female P. aztecus 
have 0.776 mg cholesterol per g meat and 
males 1.6208 mg cholesterol per g meat. Un
published data from this laboratory suggest 
that the sex ratio of brown shrimp in local 
inshore waters is 1 male to 3 females ; offshore, 
the sex ratio varies frcta 1 male to 1.1 females 
upto 100 mm length and 1 male,to .1.7 females 
above 1(K) mm length (Fisheries Assessment 
and Monitoring, 1978). The 1 male to 3 
female catch ratio Would give approximately 
0.979 mg chdesterol per g meat, which is signi
ficantly lower than the Cholesterol content of 
brains (20.0 mg/g), organ meats, (2.5 mg/g), 
caviar (3 mg/g), and eggs (300 mg/egg) (USDA, 
1963 ; Feeley et al, 1972; Scrimshaw, 1975). 
For offshore catches, the content varies from 
1.089 to 1.184 mg/g. Similar extrapolation of 
data, assuming that shrimp are fed an algal 
diet ad lib. Would give a content of 0.629 mg/g 
for the inshore catches while for offshore shrimp 
the level tnight vary from 0.945 to 1.017 mg/g. 
However, according to present results the 
snmller size of the shrimp, the lower the choles
terol level. The 'jumbo' shrimp available 
in the market Would have a head-on Weight 
armmd 14 to 15 g which, according to present 
computations, would show a cholesterol content 
dose to the values reported in the literature 
(1.5 mg/g). 
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KiLATIVE ABUNDANCE AND DlSl toBUnON OF THE iPOSltARVAE AND 
JUVENILIS OF PENAEUS MOMODON fABmOVS IN IHE COCHIN 
BACKWATEI^ AND tHEVSX^&M OF THEIR UTILIZATION IN 

' " Ct^TOiQS FESHESIES 

D. M. THAMPY, M . J. SEBASTIAN,* SiJiiiimLAE. ABRAHAM AND C . G. RAJENDRAN* 

Kerala Agriadtural Uniwrstity, FlAeriw Reuarch Station, Vyt^, Cochin-6%2 019 
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AlSTRACT 

A sunwy of the scfd resource of c«tttvsl^ i^eciw of prawns condntfi^jia the Cochin :&u:kwaters 
atPuthuvypeenforaperiodof 13 months froifr^ay 1978^ May 1979 has revelled that thepo^tlarvae 
of Penaeus monodon are available in fairly good numbers during ApnUjAaysp^^. Using Midnapcffe 
type shĉ oting net 419 peat larvn were collected per hour in May 1978. In June and July their availa
bility dfo^iediDarkedly cms^uent to heavy monsoon. In June the catch per net per hour was 36 and 
in Ju^ it was 24. The catch per set pa: hcHir increased to 66 in August at|<l then decreased to 12 in 
September. From October to December the post larvae of P. monodon were not present in the collec
tion. In Ma^h 1979 they appeared again in sizeable quantities, the catc)> per net {>er hour being 189. 
Tliey continued to be available and the catch improved to 232 per hour in April and 253 in May ,1979. 
the percentage availability of/>. monodon ranged between 3.7 in June 1978 and 0.17 in July 1978. 

Juveniles oiP. manodoKyKn obtained in coUecti(ms made with Midnaporetype shooting net, drag 
net, hapa net and ring n«t, the maximum being with ring net operated undnneath.submerged marginal 
v^etation during Septemba-October period. With drag net and hapf net the percentage availability 
of the Juveniles was cmly 2.0 in September and 3.1 in October. The prospect^ of the utilization of the 
seed of P. monodon for culture in the brackishwater ponds and perennial prawn <^ture fields have been 
discussed. *̂  

iNTRODycnpN monodon in the west coast was lacking. The 
_ . . . . incursion of the postlarvae of P. monodon into 
Tm AVAttABiLrry and distribution of the the estuaries of the east coast has i J t noted 
commercially important speaes of prawns by various authors (Rao, 1967 ; S u l K a ^ m 
along the southwest coast of India had been ^nd Rao, 1968; Jhingran and NataiSn. 
^^^'^.o^^ , ^ ° ^ ^^^ T ' * " ^^^^^' 1972 ; Oopalakiisbnaii, 1973 ; Subramanyam 
^J^^'llf'riVJ' ^f"*^^"* «'•' 1^^: and Ganapathi. 1975). The availability of 
Rao. 1972. 1973). AU these papers give in- />. >„o„orfd« post larvae in appreciable quantities 
formation regarding the seasonal distribution j ^ ^ cochin Backwaters has been recorded for 
of ̂ the I»tvae md post larvae of Metcfpenaeta ^ ^ ^^^ receiitly (Sebastian et al., 1980). 
dobsoni (Miers), M. monoceros (Fabricius), 
M, (^nis (H. Milne Edwards), Penmus pidicm fc te«i>a. eventlioBgh P. monodtm is caught 
H. Mihifi Edwards and Parapenaeopsis styttfeM fn»n both the eairt uid west coasts, its ooitfri-
(H. Milqe Edwards). But infonnation on the bii#(p to the austacet» eaptuw fishery is not 
availability of the post larvae of Penaeus v«y ugpuficant. P. nwnodon is cauglkt fnan 

^IWtnari^atidbtu^atersystNasasjttvmileB 
* Kerala Agrioiltural Univeraity, College (tf Hih«i«s, aftl snbadults a s d as adults from tlM coastal 

Mannutljy, Trichur. . , f,i M d y ^ t b o r e bfds.; fis con(X0)Utioil t o the 
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prawn fisheries is more significant in the 
Corom^^d4 CQa^t <^[m^an« î nd Nata^ajan, 
1972 an^ Gp:p4aJa-̂ &haa^ 1^73). In Bengal 
it is now t^ing î Uized for cultwip in-|argejSca|e. 
Owing to its many qualities such as fastig^rowlli, 
large size attained, and hardiness to withstand 
environmental stress, especially very low sali
nity, it is the mokt preferred vdri^ty of prawns 
for culture. As its culturo gained importance, 
studies were also needed to assess the availa
bility of its seed in the natural sources. It is 
with this in view that a survey of the seed 
availability had been conducted in the Cochin 
Backwaters. The present paper deals with the 
observMtittns made during the survey near the 
Cochin bar mouth. 

This study Is a part of the work done under 
the All India Co-ordinated Research Project 
on Brackishwater Fish Farming sponsoi'ed by 
the IncUan Council of Agricultural Research. 
The authors are grateful to Dr. V. G. Jhingran, 
former Project Co-ordinator and Director of 
Central Inland Fisheries Research Institute 
Barrackpore and Dr, A. V. Natarajan, present 
Project Co-ordinator and the Director of 
Central Inland Fisheries Research Institute, 
for their interest in th^ study and encourage
ment. *̂  

.M4PRIAL ANp METHODS 

Je collection was rnade from Puthuvypeen, 
^n. area 2 km nortibnof,Cochin b^.pioutb, in 
1̂ canal running parallel to ti?e ppast. The 

samples were cpllpcted mainly t?y using three 
dif^ient types of net^ viz., Midnapore shooting 
net, hapa net and drag net, the first during the 
mid high tide and the latter two during the start 
ctf«he high tide. The Midawpore shooting net 
is <a fsaattl iihaped-^^ontcftl ii#t mac^ of fine 
s^thetic; ifkiterild, !«?}ii«̂  is generrily tised for 
csa^ !8i*(iwa colieOti^ in Ndrth Indian rivers. 
Winmab. j^ecd i t its'%iod «iid has a stitched-in 
rfi^ iMadteiJof «attei ifWth a diaWel^' of 30 cm. 
'Pstnbis fil^ #*^igam«3ha''^tlie tail'tJece is 

stitched in. Unlike as in the typical Midnapore 
net the '^gamcha' p ^ ^ B o t i^ji9jl|tfjstudy 
is not opeo at it^4istol tp^'jii^9' | |amcha ' is 
. ppmcal ia, shapp ̂ d .vi^.^ffyp^ pf| handloom 
clptbfip^tfrial and is stitched at its broader 
side with tiie ring of the main piece. The tail 
end which has oqly 10 crn d i ^ ^ r ^^ tied 
dutlng operation. This net ' was operated 
against the current during the %>fibgtMe phase. 
The postl arvae of the prawns are collected 
at the tail end. The collection is removed 
periodically in order to avoid too many crabs 
concentrating at the tail end and destroying the 
net. «u^-'-H^ 

The hapa net used in <this study is omde of 
velonnetmaterialhavinga8iz»(tf2 x l X 1 m. 
This was operated by two men.' Two sticks 
tied at the t\Vo sides helped to keep the net 
open and alslo to hold the net by the two opera
tors while operating in shallpw watpr for col
lecting the prawn juveniles. The drag net used 
if made up of ^nthetic material with a mesh 
size of 15 mm. It has a dimension of 
7 X 4 X 1 m. The mouth end remains open 
when operated as sticks of 1 m height are 
provided at 1 metfe intervals. Ring nets hav
ing a diameter of 80 cm at the mouth and a 
depth of 80 cm are used for collection of 
the juveniles of i*. mdnodoH which have a 
teivlency to remain un^r subm«^ee4 marginal 
vegetation. , •.,._j 

OBSERVATIONS 

The availability of thfc pcstfalrvae a^d tlie 
juveniles otP^monoddn in a pefiodof BtaonthSj 
starting from May '!!978, detected; ttsifig 
Midnapore net in twspect <X fee i^mk lafVaifr 
and witii hapa net and drig nelfrilft tWb cas* of 
juveniles are showa ift Figs. I'ttfld 2 ftspecti^fiBly. 
The maximum numbed (^fmika^ia^ <jfttelfkefî  
worked out to 4l9 p^ n^t i«r hptf^'aWritli' 
the month of May J978. l%e ^ r d ^ i ^ ' W 
P. monodon in the total collection was only 
3.5 (Table i). Consefqtî rtt to the l&tt'of *the 
monsoon there was a sudden dtt>^ M tile a*̂ !-' 
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lability of the postlarvae of all prawns. The 
catch per net per hour for P. monodon post
larvae dropped to 36 numbers. The per
centage remained more or less the same. In 
July 1978, the availability of the total number of 
postlarvae increased but that of P. monodon 
dropped further accounting only 24 per net 
per hour. It constituted only 0.17% of the 

fig. 1. Monthly distribution of postlarvae of Fenaem 
\ mowdm in the Cochin Backwaters during 

1978.79. 

T F M A M 

1979 

Fjg. 2. Monthly distribution of juveniles of Penaeus 
monodon in the Cochin Backwaters during 1978-79. 

i total. In August there was a slight increase 
j in the availability, the number collected per 
i hour being 66 which is 1.3 % of total number of 
; prawn postlarvae. In September there was 
again a decrease, the total number collected 
per hour dropping to 12, which is only 1.07% 
of the total. Puring the months of O^ober, 

15 

November and December, P. monodon post
larvae were not encountered in Midnapore 
net collections made in the area, although the 
other species of prawns such as P. indicus, 
M. monoceros and M. dobsoni were available in 
appreciable numbers. From January 1979 
onwards they started appearing in limited 
numbers. In January, 26 postlarvae of 
P. monodon were obtained which account for 
3.6% of the total number of postlarvae ot 
cultivable species of prawns obtained with 
Midnapore shooting net. In February 1979, 
31 postlarvae were obtained constituting 
2.7% of the total number. From March on
wards the availability increased, the number 
of postlarvae obtained bad gone up to 189 
(3.3%) and in April it was 232 (2.3%). In 
May 1979 the number had gone upto 253 which 
is 3.2% of the total. 

The study of the percentage availability of 
different penaeid postlarvae during the 
period had revealed that the availability of 
P. indicus is as high as 66.75 % in December '78, 
whereas M. dobsoni accounted for 18.75%, 
M. monoceros 10.5%|^Mid M. affinis 4%. 
During this month noD*. monodon postlarvae 
were present in the cm||Mion. Contrary to 
this, In June when P. monodon postlarvae 
went upto 3.7% the percentage of P,, indicus 

present study, it is seen that the j^rcepige 
availability of Af. dobsoni is fairly high through
out, the lowest being 18.75 during December 
1978 when the ^vaJlabiUty of P. indicus was 
maximum. The highest percentage of ^6.6 
M. dobsoni was obtained in July 1978. The 
availability of M. monoceros and M. affinis 
remained very low,irbeing of the order of 6.6-
27.5% in the case of former and 1.5-9.02% 
in the case of the latter. 

The juveniles of P. monodpn were obtained 
in collections made with Midnapore shooting 
net, drag net, hapa net and ring net. 
The maximum number were obtained with 

was 15.0, that of Af. dobsoni 50, M. r^noceros 
27.5 and M. affinis 3.8 respective^. I K ^ ^ 

©wis 



TABLE 1. Percentile Availability ofthepostlarvae and Juveniles of various penaeid prawns 
from the Cochin Backwaters daring the year 1978-1979 

!^)ecies 

P. indicus 

P. monodon 

M. dobsoni 

M. monoceros 

Mtoffinis 

P. indicus 

P. monodon 

M. dobsoni 

M. monoceros 

M. affinis 

May 

25.0 

3.5 

38.5 

27.5 

5.5 

53.2 

2.5 

26.4 

15.4 

2.5 

June 

15.0 

3.7 

50.0 

27.5 

3.8 

17.6 

— 

77.3 

4.2 

0.9 

July 

11.20 

0.17 

66.60 

22.03 

— 

22.4 

— 

71.2 

4.7 

1.7 

197j 

August 

8.0 

1.3 

68.0 

21.2 

1.5 

4.5 

1.1 

59.2 

31.5 

3.7 

! " " •• 

Sept. 

30.82 

1.01 

42.49 

16.66 

9.02 

36.2 

2.0 

54.1 

4.8 

2.9 

Months 

Oct. 

Postlarvae 

28.50 

— 

55.60 

14.30 

1.60 

Juveniles 

132.4 

3.10 

52.63 

29.56 

1.47 

Nov. 

53.70 

— 

24.07 

20.70 

1.53 

31.0 

2.0 

45.0 

16.0 

6.0 

Dec. 

66.75 

— 

18.75 

10.50 

4.00 

72.0 

— 

18.0 

6.0 

4.0 

January 

30.30 

3.60 

46.10 

15.70 

4.30 

57.3 

1.3 

30.6 

6.6 

4.2 

Feb. 

35.0 

2.7 

46.1 

11.9 

4.30 

24.70 

— 

54.40 

16.84 

4.06 

1979 

March 

33.3 

3.3 

53.3 

6.6 

3.5 

38.8 

— 

45.8 

10.7 

4.7 

April 

52.0 

2.3 

36.0 

8.0 

1.7 

49.5 

0.6 

31.6 

16.7 

1.6 

May 

42.34 

3.20 

44.50 

7.50 

2.46 

40.4 

2.9 

37.0 

15.0 

4.7 

S 
> 

< 
> 
Z 

s 
w 
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ring net operated underneath marginal vegeta
tion during October 1978, when 54 juveniles of 
P. monodon were obtained per net per hour. 
This constituted 3.1% of the total collected. 
The availability of juveniles in the collection 
started in August and continued upto November 
with the peak in October (Fig. 2). In 
December '78, the juveniles were not avai
lable, and only few could be collected in January 
1979, The juveniles were not encountered in 
the collections made during February and 
March 1979. In April they started appearing 
and were collected in limited numbers. The 
catch per net per hour worked to 12 and 30 for 
April and May 1979. The availability of 
the juveniles of other penaeid prawns was 
maximum during the pre-monsoon season. 
P. indicus contributed to the maximum 
of 72.0% in December 1978. The minimum 
of 4.5% was recorded in August 1978. The 
range of percentage availability of M. dobsoni 
was between 18.0% in December and 77.3% 
in Jime '78. In the case of M. monoceros, the 
percentage availability ranged between 4.2% 
and 29.56%, the minimum during June and 
the maximum during October '78. M. afflnis 
was available only in very limited numbers. 
Its contribution was as low as 0.9% in 
June '78 and the maximum availability of 
6.0% was in November '78. 

DISCUSSION 

The availability of the postlarvae of 
P. monodon in the Cochin Backwaters in appre
ciable numbers, which can be exploited com
mercially for culture operations has been 
established by the present study. Eventhough 
the percentage availability of P. monodon 
is very low, being around 3%, the number 
that could be collected per net per tide is as 
high as 1200. The earlier workers (Geor^, 
1962; Rao, 1972; Kuttyamma, 1975) who 
studied the availability and the seasonal abun
dance of the postlarvae of commercially im
portant prawns in the Cochin Backwaters have 

not mentioned such availability of the post
larvae of P. monodon. The general pattern 
of the Seasonal distribution and percentage 
availability of the other species of prawns 
viz. P. indicus, M. dobsoni, M. monoceros 
and M. afflnis as observed in the present 
study is in agreement with the observation of 
Rao (1972). 

Two peaks were observed in the incursion of 
the postlarvae of P. monodon, one during 
November-January, and the other during 
April-June period, in the east coast by Sybra-
maniam and Ganapati (1971), but only one 
such peak, the latter occurring during the 
April-June period could be observed in the 
present study. The peak availability of post
larvae was noticed in the April-May period, 
whereas that of the juveniles was observed in 
September-October period. The percentage 
availability of both the postlarvae and the 
juveniles remained more or less the same, 
around 3 %, in the peak availability periods. 
Owing to the capacity to tolerate low saline 
conditions in the case of P. monodon and to the 
preference for higher salinities in the case of 
P. indicus, the percentage availability of 
p . monodon juveniles could have been more than 
what is available now in the backwaters during 
the monsoon months. The turbidity of the 
water and the silting of the beds of the back
waters during the rainy season could be 
adversely affecting the survival of the post
larvae recruited just prior to the start of the 
southwest monsoon. 

The present study has indicated .that by uSing 
special type of device like the Midnapore 
shooting net, the postlarvae of P. monodon 
having a size of 12-15 mm could be collected 
in appreciable numbers. P. monodon is the 
most important prawn from the culture point 
of view, as it has got the fastest rate of growth, 
high tolerance to environmental variations and 
better market preference. The postlarvae of 
Has prawn available in the Cochin Backwaters 
just prior to and during .the monsoon season ^ 
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can be utilized for culture in brackishwater 
ponds and the perennial prawn culture fields. 
The postlarvae could be reared in nurseries 
prepared after eradicating the weed and preda
tory fishes by the application of Mahua oil 
cake at a dose of 200 ppm and manuring with 
100 kg/ha urea and 200 kg/ha rock phosphate. 
In the nurseries they can be reared for a period 
oT one month at a density of 1 lakh per hectare. 
Within this period they will grow to a size of 
25-40 mm. These could be stocked in the 
perennial prawn culture fields and brackish
water ponds alone at a concentration of 
25,000/ha or along with fishes like Etroplus 
suratensis, Mugil cephalus and Chanos chanos. 

It is during this period that the seed of these 
fishes are available at their maximum abun
dance in the Cochin Backwaters. The finding 
of the availability of the seed of P. monodon 
is significant in the context of the fact that 
other cultivable species of prawns viz. P. 
indicus cannot be grown in the perennial prawn 
fields during the monsoon months owing to 
its requirement of higher salinity. The sali
nity during this period will be less than 2%^ 
in most of these fields. The juveniles avai
lable during the monsoon period can also be 
collected and profitably cultured in the brackish
water ponds and perennial prawn culture fields 
during the rainy season. 
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STUDIES ON THE POSSIBIUTY OF INTENSIVE CULTURE OF PRAWNS 

M. V, NATARAJAN AND R, SHAICK JALALUDDIN 

Department of Fisheries, Government of Tamil Nadu 

ABSTRACT 

The present study was carried out to determine the growth rate and production of the white prawn 
Penaeus indicus at very high stocking rates in sea-water tanks with continuous aeration. The prawn 
were stocked at a rate of 2000 postlarvae per sq. m for nursery rearing and 100 juveniles persq. m 
for grow-out. The paper describes about the observations made on growth, feed, survival rate 
and problems in rearing. The results appear to indicate promising possibilities anfl potentials for 
establishing new prawn culture industry, apart from brackishwater farming. 

INTRODUCTION 

CULTURE of penaeid prawns in brackish water 
ponds have gained much importance in the 
recent years, at it has a very high potential for 
aquaculture. It has been observed that due 
to the presence of large numbers of predatory 
fish which feed heavily on prawns, the produc
tion in brackishwater ponds is always much 
lower, than their actual productive potential 
(Ling, 1968). Research investigations from 
several brackishwater farms have shown that 
it is possible to obtain an yield of 1 to 1.5 
tons per hectare per year in two crops (Sundara-
rajan, et al., 1980, Blanco, 1972, Djajadiredja 
and Pumomo, 1972). The stocking density 
ranges from 30 to 50 postlarvae per sq. m 
for nursery ponds and 3 to 5 juveniles per sq. m 
for grow-out ponds, in brackishwater prawn 
farming. 

Experiments on intensive culture conducted 
by Shigueno (1975) in Japan reveals the possibi
lity of harvesting a crop at a rate of 2.2 kg/ 
sq. m. In such experimental pilot farms the 
stocking density was as high as 123 per sq. m 
the period of rearing being 6 months. Inten
sive culture of shrimps in closed raceways 
ivitb a stocking rate of 150 per sq. nj yielded a 

production of 0.7 kg/sq. m (Mock, 1973), 
Intensive culture of penaeid shrimps in con
trolled environment has been described by 
Mock et al. (1973). They reared postlarvae 
at densities of 2300 sq. m with survival 
rates of 90 to 95 per cent. Juveniles have been 
reared at densities of 100 sq. m to 1600 sq. m 
With survival rates ranging from 80 to 97 
p^r cent. 

In the present study experiments were carried 
out at a stocking rate of 200 postlarvae/sq. m 
for nursery rearing and 100 juveniles/sq. m 
for grow-out rearing to observe the productive 
potential in intensive rearing. 

MATERIAL AND METHODS 

Penaeus indicus postlarvae were collected 
from the Adyar festuary and Were reared in 
0.5 sq. m tanks. Provisions Were made for 
continuous aeration with diffuser stones. Sea-
water was changed daily. A sand layer was 
provided in the tanks. 

RESULTS 

Nursery rearing 

1000 postlarvae of P. indicus Were stocked 
ip! a tank of 0.5 sq. m at a rate of 
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2,000 postlarvae per sq. m. The length (tip 
of rostrum to tip of telson) at the commence
ment of rearing ranged from 10 to 1.5 ram. 
After 30 days of rearing 80 per cent of the 
population Was harvested. The length of the 
prawns ranged from 40 to 60 mm with an ave
rage of 47.6 mm. The average increment in 
gjowth in 30 days of rearing was 33.6 mm. 

The postlarvae Were fed with Chironeraid 
larvae for the first fortnight and subsequently 
with fresh Acetes boiled and minced fish flesh, 
boiled and minced clam, and dried Acetes. 
In the earlier experiments attempts Were made 
to feed the praWns with crushed meat, but it 
was found that the fat content pollutes the 
water and causes mortality and that raw beet 
or meat is not much preferred as compared of 
other feeds mentioned above. InsuflScient fee
ding leads to cannibalism. The unconsumed 
feed was not allowed to decay and was removed 
after four to five hours of feeding. 

The sand layer turns black in colour and 
emits foul odour due to the formation of 
abnoxious gases and to check this, the 
provision of false bottom as described by 
Shigueno (1973) Was considered. Siddharaju 
et al. (1980) have reared prawns in off bottom 
cages and have observed good growth. 

Rearing of juveniles 

Fifty P. indicus juveniles Were stocked 
in a tank of 0.5 sq. m area. The size at 
the time of stocking ranged from 40 to 50 mm 
With an average length of 42.5 mm. 

For the first 30 days of rearing, the prawns 
were fed With boiled fish flesh and clam meat 
at the rate of 10% of praWn body Weight daily. 
After 30 days of rearing the length ranged from 
45 to 70 mm with an average length of 60.6 mm. 
The increment in growth Was 1.8.1 mm. 

After 60 days of rearing, in spite of giving 
^ the same type of food, the length ranged from 

50 to 85 mm With an average length of 68 mm. 
The increment in growth Was only 7.4 mm for 
the second 30 days. 

After 90 days of rearing the size ranged 
from 55 to 90 mm, and the average length Was 
76.2 mm. The increment in growth Was 8.2 mm 
for the third month. Since it was feh that the 
growth rate was not faster, a formula feed was 
prepared with squid meal and Acetes meal 
as the main ingredients and was fed at the 
rate of 10 % of the body Weight. 

On the UOth day, the prawns were harves
ted. The length ranged from 65 to 1,00 mm 
with an average length of 81.4 mm. The 
Weight of individuals ranged from 3 to 8 g 
with an average weight of 6 g. The increment 
in growth from stocking to harvest was 
38.9 mm. The total yield from 0.5 sq. m tank 
Was 200 g which Worked out to 400 g/sq. m. 
Survival was 70 per cent. 

In the above experiments water quality Was 
periodically checked. The pH Was around 8.4. 
Salinity averaged 34 ppt and oxygen level Was 
always kept high by continuous aeration. 

DISCUSSION 

Mock (1973) has reported experiments on the 
intensive culture of penaeid shrimp P. setifems 
at a stocking density of 2370 sq. m. The 
average length at stocking was 5.7 mm. After 
22 days of rearing the average length obtained 
Was 22.4 mm. The survival rate Was 94%. 
The results of the present study With a net 
growth of 33.6 mm in 30 days compare well 
with that of Mock (1973). 

Mock (1973) experimented on stocking of 
juvenile shrimps at 156 sq. m for a duration of 
63 days. 97% was harvested. The shrimps 
averaged 86.6 mm in length and 4.6 g in 
Weight With a production of 0.7 kg/sq. m. 
The production of 0.4 kg/sq. m obtained in 
the present study is comparatively low. 
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Alikunhi et al. (1980) conducted experi
ments to investigate the possibilities of rearing 
advanced postlarval stages in intensive systems 
without artificial aeration, but with partial 
renewal of water and regular artificial feeding 
P. merguiensis was stocked at a rate of 
1000, 2000, 3000, 4000 advanced postlarvae 
per sq. m and the percentage of survival was 
96, 75, 78 and 55 respectively. 

P. monodon Was stocked at a rate of 1000 
and 1500 per sq. m. Average percentage of 
survival Was 73 and 59. In the present 
study, the results on survival at comparable 
stocking density are more or less the same. 

Experiments on intensive culture of 

P. japonicus Were conducted in farms in Japan. 
In rectanguir tanks P. japonicus Were stocked 
at a rate of an 123/sq. m. After six months of 
rearing 91 % of the population Was harvested 
With an yield of 2.266 kg/sq. m (Shiguero, 
1975). 

The results of the present study compare 
favourably with those obtained in brackish-
Water pond culture of P. indicus at Santhomei 
Madras. In ponds Which Were stocked at 
4 lakhs/hectare With 14 mm postlarvae, they 
attained an average length of 41.5 mm in 
30 days, showing a growth of 37.5 mm. In 
groW-out poods juveniles stocked at 70,000 
hectare showed a growth of 99.4 mm in length 
and 7.3 g in weight in 90 days. 

R E F E R E N C E S 

AUKUNHI, K. H . , K. K. SUKUMARAN, S. A D I S U K R E S N O 
1980. Notes on the postlarval rearing of penaeid shrimps. 
National Symp. on Shrimp farming, Bombay, 16-18 
August 1978. Pp. 89-90. 

BLANCO, C. J. 1972. Coastal Aquaculture in the 
Indo Pacific Region. In : T. V. R. Pillay (Ed). Fishing 
Nevra (Books) Ltd., London. Pp. 60.67. 

DJAJADIREDJA, R. AND A. PuRNOMO 1972. Review of 
coastal water resources in relation to coastal Aqua-
culture. I.P.F.C. 15th session Wellington 18-27 Oct. 
F.A.O. Thailand. Pp. 1-12. 

Lmo, S. W. 1968. Role and possibilities of brackish-
water fish and shrimp farming in South East Asia. 
Proceeding of Int. Seminar on possibilities and problems 
of Fisheries Development in South East Asia Organised 
by the German Foundation for developing countries. 
Pp. 351-359. 

MOCK, C. R. 1973. Shrimp culture in closed 
raceways. FAQ Aquaculture Bull., S (2): 10-11. 

, R. A. NEAL AND B. K. SAISER 1973. A 
closed raceway for the culture of shrimp. Contribution 
No. 363. Nat. Mar. Fish. Serv., Guff Coastal Fisheries 
Centre, Glaveston, Texas. 

SHIOUENO, K . 1975. Shrimp culture in Japan. 
Association for technical promotion Tokyo, Japan, 
Pp. 153. 

SIDDHARAJU, S., K. M. MOHAMI>(AD SULTAN AND 
A. SREENIVASAN 1980. A new system of prawn culture. 
National Symp. on Shrimp Farming, Bombay, 16-18, 
August 1978. p. 173,174. 

SimDARARAJAN, S. VICTOR C H A N O R A B O S E AND 
V. VENKATESAN 1980. Preliminary experiments in prawn 
culture at Santhome Brackishwater Fish Farm. Ibid., 
143-146, 



Pfoc. Symp. Coastal Aquaculture, 1982, 1 ; 232-235 

EXPERIMENTS ON THE TRANSPORT OF POSTLARVAE OF HGER PRAWN 
PENAEUS MONODON FABRICIUS 
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Central Inland Fisheries Research Substation, AlfX, Strand Road, Calcutta-IQO 070 

ABSTRACT 

For intensive prawn farming, selective stocking of seed in large numbers is an essential 
prerequisite. Penaeus monodon postlarvae of 11-14 mm size collected from nature were conditioned 
for 24 hours in earthen pits and packed in knotless polythene bags (18 litre capacity) with oxygen in 
different water salinities at the rate of 375 no/1 of water. Encouraging results were obtained when 
the postlarvae of P. monodon were put in 8 %„ water salinity at the rate of 375 no/1 for a duration of 
26 hours. Chloral hydrate was used as a sedative for the transport of tiger prawn. A dose of 
400 mg/1 was found to be the most effective dose for successful transportation of 375 no/1 upto a period 
of 28 hours. The range of temperature between 29°C and 30°C was found to be the optimum. Details 
of the observation have been dealt with in the paper. 

INTRODUCTION 

IN RBCBNT YEARS there is great demand of 
quality praWns and shrimps because of their 
high price in foreign markets and this has 
attracted a good number of farmers for large 
scale shrimp farming. The shrimp trade mainly 
depends on the marine catches and there is 
no exclusive shrimp farming on commercial 
scale in this country, although brackishwater 
fish farming has been carried out for long 
based on the empirical knowledge of fishermen. 
The traditional practice had been stocking of 
mud-enclosures constructed in the intertidal 
zond of the estuaries of lower Sunderbans 
and the bank of the backwaters of Kerala. 
With each tidal inflow, particularly during the 
lunar phase, innumerable praWn and fish species 
find entry into these enclosures commonly 
known as Bheries in West Bengal. 

It is necessary to stock the seed of economic 
praWn species exclusively by transplanting them 
from the lotic environment to lentic brackish

water impoundments (bheries) foi aaltatp. For 
this purpose, the postlarvae of cultivated species 
of prawns and shrimps has to be collected with 
the help of special type of| gears, then segre
gated and acclimatised in specially made 
hapas before transporting to the places where 
these are to be transplanted. For this purpose 
experiments Were conducted on the traasp<^ 
of postlarve of tiger prawn Penaeus monodon 
and the results are presented in the ensuing 
section. 

The authors are grateful to Dr. A. V. Nata« 
rajan, Director of the Institute for providing 
all facilities to conduct the experiments. 

MATERIAL AND METHODS 

P. monodon postlarvae (U-14 mm) were 
collected by operating modified shooting nets 
generally used for catching carp fry at Taldi 
near Port Caiming in February to June. Nets 
Were operated during full and new moon phases. 
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The postlarvae collected in ' gamcha' (tail piece) 
Were periodically removed and transferred to 
round plastic tubs of 50 litre capacity. P. mono-
don postlarvae Were identified by the presence 
of a distinct pigmented ventral margin (red 
streak). Their habit of clinging to the floating 
objects Was taken advantage of for the purpose 
of segregation. Aquatic grass shoots, hay, etc. 
Were bimdled and put into plastic tubs con
taining the larvae. P. monodon postlarvae have 
a tendency to be attached to the bundles when 
immersed in water containing tiKe. seed. The: 
postlarvae Were conditioned for 24 hours 
in earthen pits dug out on the bank where the 
creek water was mixed With fresh pond M'ater 
(50 : 50) to maintain the salinity at 8 ppt. They 
Were then packed in knotless polythene bags of 
18 litre capacity and oxygen was added from 
the cylinder. The dose of chloral hydrate was 
adjusted by carrying out experiments in the 
laboratory. Physico-chemical parameters during 
the course of transportation experiments 
are given in Table 1. 

i RESULTS 

The experiments Were conducted in polythene 
bags With and without anaesthesia under oxygen 

at the rate of 250 no/1, 375 no/1, and 500 
no/J. The oxygenated polythene bags con
taining P. monodon postlarvae Were transpor
ted from Taldi t^ Calcutta for observations 
in the laboratcoy* The three sets of trans
ported specimensi: mentioned above , started 
dying after 24 hours, 18 hours and 12 hours 
respectively. In case of control, the mortality 
of postlarvaajtarted after 30 minutes and all 
died within IJ hours. The percentage of sur
vival was 97.8, 95.4 and 97.9 With packing 
.densities of 250/1, •:375/l and 500/1 during 24, 
l8 an4 12 hours respectively. The maximum 
and minimum. s|(rVival rates of 91.1 and 50% 
Were observed in packing densities of 250/1 
and 500/1 respectively without anaesthesia. 
In case of anaesthe^fed specimens, the highest 
survival (98.7%) Was observed at the packing 
density of 250/1 during 24 hours duration. 
Four replications Were made with one control 
in each set of experiments. 

Chloral hydrate Was us?d as a sedative ibr 
raising the survival,rate of prawn postlarvae 
under oxygen packing. To begin with a test 
dose of 4dO mg/1 was tried for anaesthesing 
P. monodon postlarvae. The sedative helped 
in raising the survival rate from 0.9 to 15>6%. 

TABLE 1. Physico-chemical parameters recorded during the transportation experiments of 
Pi inoBotfon postlarvae 

Packing Density 

250/1 

Initial Final 

375/1 

Initial Final 

500/1 

Initial Final 

pH 

Co, (ppm) 

O, (ppm) 

Water temp. (°C) 

Air temp. CC) 

Water salinity (%„) 

8.0 

Nil 

7.7 

28.5 

31.0 

8 
• 

7.8 

6.0 

6.2 

31.0 

36.0 

8.0 

Nil 

7.7 

• 28.5 

31.0 

S 

7.4 

36.0 

2.7 

31.0 

?6.0 
1 

8.0 

Nil 

7.7 

28.5 

31.0 
{ 

, 7.1 
54.0 

3.0 

31,0 

36.0 

B 
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The maximum difference of 15.6% in the anaes
thetised postlarvae Was during 30 hours 
of observation of 2,500 postlarvae at a packing 
density of 500/1. Results of a collational study 
of the survival rate With and without anaes
thesia has been shown in Fig. 1. 

started dying after half an hour and the whole 
lot perished within a spell of 1-2 hours depend
ing upon the density and temperature. 
Mohanty and Patra (1972) recommended a 
packing density of 100 postlarvae per con
tainer for 9 hours. De and Subrahmanyam 

MITH 

C3WITH 
OOT 

ANAESTHESrA 

5 

s 
. .««..« nwunit nuun:i' / 

Fig. 1. A collational study of the survivjil rate with and without anaesthesia. 

While carrying out these expriments, it was 
observed that the design of the polythene bag/ 
container especially the base line has a role as 
regards their survival rate. It was noticed 
that the bags with folds or knots at the bottom 
(which are used for the transportation of the 
carp seed) Were not suitable for transporting 
prawn seed. Soon after packing, about 5% 
of the postlarvae got entangled within the 
folds and died. This started fouling the water. 
Thus a poor survival rate of 30 to 60% was 
obeserved in such bags having folds or knots 
at the bottom, mainly due to the fact that 
initial mortality made the media imcongenial 
for their siurvival. Instead, the survival rate 
in the knotless polythene bags ranged between 
50 to 90% under similar conditions. 

DISCUSSION 

The problem of transportation of penaeid 
prawn postlarvae is Well known. The experi
ment Was initially conducted in a 5 litre open 
container and it was found that the specimens 

(1975) recommended the packing density of 
500/1 for 36 hours duration. The results 
of the present studies of the experiments how
ever, did not tally with either of the aforesaid 
Workers. 

During the experiments with the packing 
densities of 250/1, negligible mortality was 
observed till 18 hours durtion after which the 
postlarvae started dying and all of them died 
after 48 hours of packing both in case of anaes
thetised and non-anaesthetised specimens. 
Compared to this, in the bags packed at the 
rate of 375/1, there was no mortality till 12 
hours while there was 100% mortality after 
44 hours in case of chloral hydrate treated 
and 41 hours of the untreated specimens. In 
the third lot packed at the rate of 500/1. 
mortality started after 10 hours of packing 
and all the specimens died after 37 hours. 

Taking into account the results of the experi
ments with different packing densities and 
their cosresponding survival rates, it may be 
assumed that a packing density of 500/1 is 
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the optimum rate for tansportation of anaes
thetised of P. monodon postlarvae for a period 
not exceeding 26 hours. Whereas a packing 
density of 375/1 can be recommended for 
27-30 hours period of transit. Beyond 30 
hours, mortality increases at geometrical prog
ression. However, in certain unavoidable cases 
of transportation involving a journey excee
ding 30 hours, certain additional steps such as 
repacking during transit has to be done. 

In order to determine the role of chloral 
hydrate, a common anaesthesia used in fish 
transportation was used on some specimens. 
A mild sedation was observed soon after the 
treatment, but the postlarvae reoovered to 
aormal condition immediately after their release 
in untreated water. In case of higher packing 

density (500/1) the difference of survival rate 
was conspicuous (15.6%) while at lower 
packing densities (250/1) it was not so (0.9%). 
The experiments led to the conclusion that 
sedation was helpful in higher packing densities 
than in lower ones. 

Another interesting observation is about the 
survival of prawn larvae in knotted and knot-
less bags during transport. The folds at th«f 
bottom of the folded or knotted polythene bags 
generally entangle the tiny, slender postlarvae 
in large numbers as observed earlier by De 
and Subrahmanyam. However, experiments 
are in progress to find the remedial measure. 
In a separate experiment, it was foimd that the 
initial mortality after packing is mainly res
ponsible for subsequent higher mortalities. 
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ABSTRACT 

Laboratory experiments were conducted to elucidate the eflfect of different salinity levels (5%,, 
15 %(,, 25 %„, 35 %„, 45 %J on the growth and survival of Penaeus indtcus, P. monodon and P. semisul-
catus. Postlarvae collected from the Pulicat Lake were acclimated to the respective test salinity levels 
gradually from the brackishwater from which they were collected and the experiments were conducted 
for a period of 60 days. In P. indtcus highest mean weight gain (37 mg/day) was attained at 25 %^ level 
followed by 15%,, and 5%, levels of salinity and the lowest weight gain (4 mg/day) was attained 
at 45 %g salinity level. Survival rates were also high in low salinity levels of 5%„, 15%;, and 25%, . 
compared to that of high salinity levels of 35 %„ and 45 %„. P. monodon showed the highest mean 
weight gain (48 mg/day) at 25 %„ level followed by 15%, and 5%„ levels, and growth was compara
tively poor at 45 %o, and 35%„ salinity levels. However, high survival rates (86% to 100%) were 
obtained for this species at all tested salinity levels. Among the three species studied, P. semisulcatus 
showed poor growth and survival at the low saline level of 5 %„ and at hypersaline level of 45 %,. This 
species showed better growth and survival rates at salinity levels of 15 %, and 25%,. 

The results of the experiments clearly indicate the variaton existing among the three species with 
reference to their preference for salinity. P. monodon showed better growth and survival rates at all 
salinity levels compared to P. indtcus and P. semisulcatus. However, both P. monodon and P. indtcus 
seem to show a preference for low salinity levels ranging from 5 %„ to 25 %„. The lowest mean weight 
gain attained at 45 %, for all the three species indicates the unsuitability of hypersaline water bodies in the 
life of penaeid young ones. 

INTRODUCTION on the food-intake, food conversion efficiency, 
grovi'tb and survival is very important in prawn 

THE SBMI-CATADROMOUS, cyclic life of most of culture operations, since salinity, along with 
the penaeids involving the sea and loW-saline other abiotic and biotic factors determine the 
coastal ecosystems has been well established survival, grovWh and thereby the production 
now and salinity has been considered as one of prawns. A number of reports exist on the 
of the important abiotic factors influencing effect of different salinity levels on the growth 
the survival, growth and distribution of tropical and survival of penaeid postlarvae and juveniles 
penaeids, especially during their life in nursery (Williams, 1960 ; Zein-Eldin, 1963 ; Zein-Eldin 
grounds, where they are exposed to the marked and Griffith, 1969; Grajcer and Neal, 1972 ; 
changes in the salinity of the environment. Venkataramiah et al.. 1972) and many others, 
A prior knowledge of the effects of salinity exist on the cumulative effect of temperature 

and salinity on the growth and survival, food 
1 Present address: Central Marine Fisheries Research intake and food conversion efficiency (Zein-

iDstitute, Cochin-682 018. Eldiu and AJdrich, 1965; Venkataramiah 
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et al, 1973, 1974, 1975). However, despite 
the availability of extensive studies on the 
biology of Indian penaeids, aside from the 
work of Nair and Krishnankutty (1975) on 
P. indicus, there is no report on the effect of 
different salinity levels on the growth and 
survival of other Indian penaeids. The objec
tive of the present study was to elucidate the 
effect of different salinity levels aa. the growth 
and survival of Penaeus indicus. P. 'monodon 
and P. semisulcatus based on laboratory 
experiments. 

The authors wish to express their gratitude 
to the Principal, Madras Christian College for 
providing facilities at the Estuarine Biological 
Laboratory at Pulicat to carry out this study. 
One of them (R.P.R.) gratefully acknoWledgesi 
the award of a Junior Research Fellowship 
by the Council of Scientific and Industrial 
Research, New Delhi. 

MATERIAL AND METHODS 

Postlarvae and juveniles of all the three 
species of experimented prawns were encoun
tered from a wide range of salinities from their 
nursery grounds of Pulicat Lake (Raj, 1976), 
and therefore, salinity levels of 5%o, 15 %o, 
25%„, 35%,, and 45 %„ Were used in the 
present experiments. Postlarvae collected 
from the Pulicat Lake using a ' Velon Net' 
were transported to the laboratory in plastic 
bi|ickets in the same brackishwater medium 
frpm Which they were caught. In the labora-
tojry they Were identified, segregated and the 
diifferent species were kept in aquarium tanks. 
The salinity, temperature and oxygai content 
of the site of collection were 27.5 %„, 26.5°C 
and 7 ml/1, respectively. 

Acclimatization 
The desired salinity level in each tank was 

obtained by the addition of hypersaline lagoon 
Water (56%^) mixed with sea Water (33 %o) 
for higher salinity levels (35 %o arfd 45% J 

and by the addition of dechlorinated tap Water 
for low salinity levels (5%„ to 25%„). The 
desired salinity levels Were obtained in 6 days 
and the total period of acclimation was eight 
days at all salinity levels. 

Experimental procedure 

Plastic aquarium tanks of sizes 60 x 30 x 
30 cm Were used for rearing the postlarvae. 
Sieved, clean beach sand Was used as a subs
trate (3 cm depth) in the tanks. Among the 
acclimated postlarvae, only 50 postlarvae were 
reared at each salinity level in the plastic 
aquaria for 15 days and were theh transferred 
to cement tanks (size 75 cm diameter x 52 cm 
depth)> With sand as substrate, during further 
period of rearing. Same salinity levels Were 
maintained in the concerned tanks. All the 
experimental containers Were aerated Well with 
aerators and the experimental medium was 
partly changed once a Week with a fresh medium 
of the same salinity level. Temperatures in the 
aquarium tanks ranged from 26 to 29.5'G 
during the experimental period of 60 days 
from the time of acclimation to the respective 
test salinity levels. The same procedure of 
acclimation and rearing was adopted for all 
the three species, and the experiments were 
conducted simultaneously to make a compara
tive assessment of the effect of salinity on growth 
and survival of the three species of penaeids. 

Food and feeding 

Feeding of the prawns were done with a 
pelleted feed, the composition of which is given 
in Table 1. The individual food compoflients 
Were dried and powdered, except tapioca, 
which was cooked, dried and powdered. Fine 
Wheat flour (about 5 g per 200 g of feed) was 
boiled in water and made into a paste and the 
food ingredients were mixed thoroughly with 
Water and then passed through a household 
pelletiser, dried and stored for experimental 
purposes. Food was supplied in excess through 
out the experimmtal period and the feeding 
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was done once in the evening hours daily and 
the left-over food Was removed from the 
feeding trays in the following morning. 

TABLE 1. Ingredients used for preparation of pellet feed 

(by dry weight) 

Ingredient Percentage 

Prawn heads 

Clam meat 
(Meretix casta) 

Trash fish 

Rice bran 

Tapioca 

Algae 

50 

5 

5 

10 

20 

10 

Sampling procedure 

The initial weights and total lengths of ten 
postlarvae from each tank Were taken after 
the acclimation period, and, thereafter, samp
ling was done once a fortnight and the prawns 
were returned to the tanks after taking their 
total weights and individual total lengths. At 
the end of the experiment, the total number of 
surviving prawns were counted from each 1:ank, 
their individual total lengths and weights were 
taken and the mean growth per day was calcu
lated. 

RESULTS 

Penaeus indicus 

The mean weight and length increases of 
P. indicus during the experimental period at 
different salinity levels are shown in Figs. 
1 and 2. Growth of the postlarvae occurred 
at all the salinity levels tested, and the weight 

. increase (Fig. 1) was more rapid than the total 
length increase (Fig. 2). Among the five 

30 45 
Tlnne(day-i) 

Fig. 1. Growth (mean weight increase) of 
P. indicus at indicated salinity levels. 

T 
15 

-r 
45 

Time (days) 

1 ^ 
30 60 

Fig. 2. Growth (mean length increase) of 
P. indicus at indicated salinity levels. 
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salinity levels tested for this species, growth 
was better at the low salinity levels of 5%^, 
15%„ and 25 %„ than at the high salinity levels 
of 35 %„ and 45%„. Moreover, growth was 
much greater at 25%, salinity level compared 
to all other salinity levels; and the mean weight 
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to 96 %„ in low salinity levels, and 70 to 72% 
for high salinity levels. 

Penaeus monodon 

The growth of P. monodon fit different sali
nity levels is represented in Figs. 3 and 4. 
As in the case of P. indicus, growth in terms 
of Weight increase (Fig. 3) was more marked 
than growth in terms of length increase (Fig. 4). 
Growth in this species was also higher in low 
salinity levels than at high salinity levels. 
Growth curve for this species (Fig. 7) showed 
that the highest mean weight gain of 48 mg 
per day attained at 25%^, level Was much 
higher than that (10 mg per day) recorded at a 
salinity level of 45%,. Even for this species 
the optimum salinity range for better growth 
and survival appeared to be within the range of 
15 to 25%o, since best growth rates (Fig. 7) 
Were attained at these levels. 

50-

40-

30-

Tinie(davs) 

Fig. 6. Growth (mean length increase) of 
P. semisulcatus at indicated salinity 
levels. 

gain of 37 mg per day (Fig. 7) recorded at 
25 %o is about nine times higher than that 
(4 mg per day) recorded at a high salinity level 
of 45 %o- Even among the three low salinity 
levels tested, there Was significantly higher 
growth rates at 15%, (27 mg and 0.88 mm/day) 
and 25 %o (37 mg and 0.93 mm/day) sahmty 
levels compared to 5 %, (16.5 mg and 0.78mm/ 
day) level. 

The per cent survival (Fig. 8) was also much 
higher at low salinity levels than at high sali
nity levels. Survival rates ranged from 92 

M -

V 10 -

Sallnrtv Iwels (•/.,) 

Fig. 7. Mean growth per day of prawns at 
different salinity levels. 

The per cent survival (Fig. 8) was much 
higher at all salinity levels than What Was achie
ved in other species. Even at high salinity 
levels, the survival rate Was very high. More
over, cent per cent survival was recorded at 
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6%, and 15%o levels indicating their prefe
rence for low salinities. 

Penaeus semisulcatus 
As indicated in Figs. 5 and 6 this species 

showed better growth at 25 %o and 15 %» 
levels, followed by 35 %„ and 5%„ levels. 
Growth in this species was also much slower 
at 45 %„ level (2 mg per day). The highest 
mean Weight gain of 30 mg per day was recor-

wo-
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Fig. 8. Survival rates of pravras at 
diflferent salinity levels. 

ded at 25 %o level and the lowest mean weight 
gain at 45 %„ level. Survival rates în this 
species was comparatively poor at 5%o and 
45% levels, and the best survival rates Were 
attained at 15 %„ and 25%, levels. 

DISCUSSION 

Although considerable growth Was recorded 
at the tested salinity levels, the results clearly 
indicate the preference for low salinity levels 
for better growth by P. indicus and P. mono-
don. This is in conformity With the observa
tions made in the nursery grounds, where 
postlarvae and juveniles of these two species 
occurred in a wide range of salinities,* but with 
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higher population density in loW-saline areas 
(Raj, 1976). A number of other authors also 
have emirfiasi2wi the requirement of loW 
salinities by postlarval and juvenile penaeids 
for better growth and survival in the nursery 
areas (Gunter, 1950; Pearse and Gunter, 
1957 ; Gunter et al., 1964). 

The higher growth and survival rates recor
ded at 15 %o and 25 %„ by all the three species 
indicate their preftfcace for these salinity levels, 
and probably these salinity levels may be their 
optimum required for better growth in the 
nursery areas too. The superior growth rates 
at these salinity levels may be due to their 
better eflSciency of consumption and utiliza
tion of food as reported by Venkataramiah 
et al. (1974) fw P- aztecus. Based on compre
hensive studies on P. aztecus, Venkataramiah 
et al. (1974) stated that ' although the young 
shrimp can survive a Wide salinity range, the 
best growth and survival rates Were obtained 
in optimum salinities of 8.5 and 17 ppt. 
Kinne (1970) also stated that ' in most of the 
euryhaline invertebrates, growth is restricted 
to a narrower range than survival is ' . 

Nair and Krishnankutty (1975) based on 
laboratory studies reported that the growth 
rate of P. indicus was significantly high in a 
salinity of 10%o for postlarval stages and in a 
saUnity of 30%, for juvenUe prawns But in 
the present experiments best growth and survival 
rates Were achieved at an optimum salinity 
range of 15 to 25%, levels, compared to other 
salinity levels. Growth as Well as survival 
in this species Was adversely affected at^high 
salinity levels of 35%, and 45%,. P. monodon 
showed faster growth rates at all salmity levels 
compared to the other two spscies. The h i ^ 
survival rates achieved at all salinity levels 
indicate the hardiness of this species to a 
Wide range of salinities. Among the three 
species studied. P. semisulcatus showed poor 
growth and survival rates at a very low salinity 
level of 5%, and a hypersaline level of 45%,. 
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The distribution pattern of this species in 
Pulicat Lake also showed a similar trend. It 
was absent in the northern sector of the Lake 
during the monsoon season (October to 
December) when salinity was extremely low 
due to the incursion of freshwater through 
the rivers and during the pre-monsoon season 
(July to September) When the salinity reached 
very high' levels coupled with consistently high 
teihperatures and low oxygen levels (Raj, 
1976). In the Cochin Backwaters also Rao 
and Kathirvel (1971) reported that the occur
rence of this species Was purely seasonal, dis
appearing during the monsoon season, when 
the salinity level was low in the backwaters. 

The poor growth and survival rates at 45 %„ 
level for all the three species of prawns indi. 
cate that, although prawns could be grown in a 
wide range of salinities, they do not do well 
in very high salinity levels, probably due to 
the stress caused by such high salinities. Grajcer 
and Neal (1972) obtained better growth rate 
at 32 %o level and poor growth at 50 %o level 
in P. aztecus, and they attributed this to 
the poor cMisumpti<m of food at 50%o. 
Although data on food intake was not recor

ded, a similar trend of poor consumption o^ 
food at 45 %o level Was observed for all the 
three species, during the experiments. 

With reference to salinity relations of P. 
aztecus, 2^in-Eldin and Aldrich (1965) stated 
that ' other factors, such as food or cover, are 
of greater importance than salinity perse in-
determining distribution, growth and survival 
of these animals.' But the results of the 
present experiments clearly substantiate the 
effect of salinity levels on the survival and 
growth of the penaeids, when identical condi
tions of temperature and food were available 
at all salinity levels. However, as far as dis
tribution is concerned, the postlarvae and 
juveniles of all these species preferred a cover 
when salinity was favourable in the nursery 
areas (Raj, 1976). 

Further studies on the combmed effect of 
salinity, temperature, food quality and quantity 
and oxygen on the conversion efficiency, growth 
and survival would be of greater significance 
for xmderstanding prawn distribution and for 
improvement of management practices in pena-
eid prawn culture. 
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ABSTRACT 

Experiments were conducted with milkflsh, mullets and prawns with a view to have a preliminary 
information on how the stock-harvest manipulation influences the yield from a single brackishwater 
pond of 0.045 ha in area. Various methods of stocking and harvesting such as (1) single stocking and 
singleharvesting, (2) single stocking and multiple^arvesting, (3) multiple stocking and single harvesting, 
(4) multiple stocking and multiple harvesting were tried by conducting one experiment for each method. 
The combination of milkiish, mullets and prawns was used in each method. Different stocking rates 
such as 4,444/ha, 11,111/ha, 5,444/ha and 3,333/ha for milkfish ; nil, 5,555/ha, 6,800/ha and 2,644yha 
for mullets and 20,000/ha, 16,666/ha, 29,443/ha and 37,777/ha for prawns were experimented with 
in the four methods respectively. 

Multiple stocking ̂ nd multiple harvesting when stocked with Chanos chanos, Mugil cephalus and 
Penaeus indicus resulted in the lowest yield of 680.4 kg/ha/year, the highest being 2,986.2 kg/ha/year 
from the single stocking and multiple harvesting in which C. chanos, Liza macrolepis, P. indicus and 
P. monodon were stocked. 

A mixture of rice bran and ground nut oil cake in the ratio of 1:1 was used as supplementary feed 
in the 2nd and 3rd experiments at 5 to 10% of body weight for the fingerlings and growing fish and 
prawns. Hydrological characteristics of the pond water are also presented and discussed. 

INTRODUCTION tion of natural food in the pond by fertilisation 
, (both organic/inorganic), supplementary feeding 

AQUACULTURE m recent years has assumed • „, ^ , „ . . , . ,. _ . , : .. , 
^ . ^ •' . ^. IS also done in this practice. By this it has 

great importance as a means of augmenting . ui * j -,/,o^i /i. o 
5xe production from water resources to fill been possible to produce 7^84 kg/ha 8 months 
the protein gap in the diet of the rural poor ( ^ ° ' ^ ' ^^^^^- Comparable production from 
in the country. brackishwater fish culture has not yet been 

achieved as brackishwater aquaculture is still 
Considerable know-how has been developed in its infancy in our country, 

in respect of freshwater fish culture in recent 
past by adopting a technique involving cultu- Traditional brackishwater fish culture is 
ring of six compatible species of Indian and prevalent in many parts of the world especially 
exotic carps. The principle behind this system in the Far East. The age old practice being 
is to exploit all the natural food niches of the followed in India was to trap the young fish 
pond. In addition to enhancing the produc- and pra\wis entering the fields with incoming 
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tides and harvesting them after a lapse of 7 to 9 
months (Jhingran, 1978). In Kerala coast, 
this is known as ' Pokkali' field prawn fishing 
and in West Bengal, it is called ' Bhashabada' 
fisheries. 

The production obtained by these practices 
under uncontrolled conditions is obviously 
not comparable with that obtained in case of 
freshwater aquaculture. Adopting the techni
ques of freshwater fish culture in brackishwater 
fish iEarming with suitable changes would amelio
rate the conditions of the rural poor in coastal 
areas of our country. 

Recently it has been found possible to achieve 
^ood production of fish and prawns through 
Maqkishwater aquaculture. A production of 
543 kg/ha/6 months of ' bagda' (Penaeus 
monodon) was reported from CIFRI farm 
at Kakdwip (Anon., 1975) while Haldar (1978) 
succeeded in breeding the same under con
trolled conditions by unilateral eye stalk abla
tion. Sundferai'ajan et al. (1979) have reported 
a good production of prawns and milkfish 
(l»437kg/ha/6 months) through mixed culturing. 
Anothipr significant advancemei^t has been the 
development of the technology of uiixed farming 
of different species. In a six species combination 
of prawns and fishes, a net production of 
2,671 kg/ha/annum was achieved (Jhingran, 
1978)., 

Evolving a technology for brackishwater fish 
^ d prawn culture suitable to the different 
regions of our long coastline involves regional 
knowledge and planning in respect of nature 
of soil, tidal influence, seed potentialities, opti
mum period of culturing, harvesting periodicity 
etc. 

A few preliminary experiments on mixed 
culture of milkfish, mullets and prawns were 
conducted in a pond (0.045 ha) at Adyar, 
Madras, to find out how the stock-harvest 
manipulation influences the production in a 
seasonal pond< 

The authors are grateful to Dr. V. G. Jhin
gran, former Director and Dr. A. V. Natarajan, 
Director, Centrallnland Fisheries Research 
Institute, Barrackpore for their keen interest 
and constant ewjouragement. They are thankful 
to Shri B. B. Pakrasi, Head, Estuarine Division, 
for critically going through the manuscript 
and suggesting improvements. To the Tamil 
Nadu Fisheries Department, they are 
immensely thankful for keeping the pond at 
their disposal enabling them to conduct the 
experiments. 

MATERIAL AND METHODS 

The experiments were conducted in a 0.045 
ha brackishwater pond at Adyar, Madras. 
The pond is more pr less seasonal and stagnant 
in nature with considerable shrinkage in water 
level during summer. This pond was construc
ted several years ago and is partially loaded 
with silt, sewage muck and organic detritus. 
The depth during the period of experiments 
was about 0.50 m. 

The young ones of Chanos chanos, Liza 
macrolepis, Mugil cephalus, Penaeus indicm 
and P. monodon were collected from Pulicat 
Lake, Adyar Estua^ at Kovalam Bay and 
itransported to Adyar in open containers for all 
the experiments. Four methods of stocking 
and harvesting such as (i) single stocking and 
single harvesting, (2) single stocking and multiple 
harvesting, (3) multiple stocking and single 
harvesting and (4) multiple stocking and multiple 
harvesting were tried by conducting one experi
ment under each in the same pond extending 
over a total period of nearly. 3^ years, the 
period of each experiment ranging between 
3 and 13 months. The species combination, 
duration of experiment, the stocking rates etc. 
for different experiments are presented elsewhere. 

Supplementary feeding with a mixture of 
rice bran and ground nut oil cake in the ratio 
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1:1 was done at 10% of body weight on alter
nate days during the period of second and third 
experiments. The feed was broadcast over the 
pond. Feeding used to be discontinued when
ever mortality of either fish or prawns was 
noticed usually following rainfall and resumed 
after the conditions improved i.e., D.O. level 
increased. 

• 
Weekly water samples were collected between 

0930 a i^ 1100 hrs and analysed for dissolved 
oxygen, salinity, pH, free carbon dioxide, 
total alkalinity, phosphates and silicates. 
Simultaneous records of surface water tempe
rature were maintained. Water and soil were 
analysed following the standard methods (APHA 
1955 ; Piper, 1950). 

OBSERVATIONS 

Hie details of all the four experiments are 
shown in Table 1. The results of the analyses 
of physico-chemical features of pond water 
and soil are detailed in Tables 2 a and b. 

Experiment I: Single stocking and single 
harvesting 

C. chanos And P. indicus were stocked 
at 4,444/ha and 20,000/ha respectively. The 
experiment was conducted for a period of 
3 months at the end of which 7.67 kg 
of C. chanos and 2.18 kg of prawns, 
amounting to a total of 218.9 kg/ha in 3 
months with a survival of 59% and 34.7% 
respectively, were harvested. When projected 
for one year the production amounts to 875.5 
kg/ha/year (Table 1). This production has been 
achieved without resorting to any supple
mentary feeding. 

Experiment 11: Single stocking and multiple 
harvesting 

In this experiment, the grey mullet 
L., macrolepis was added to the other two. The 
Mocking rates were sliglhtly different, viz.. 

11,111 (C. chanos), 5,555 (mullets), 16,666 
(prawns) per ha. The experiment was carried 
out for a period of 6^ months. Though it is 
deemed to be single stocking, Chanos and 
mullets only were stocked on the same day 
while prawns were stocked about 10 days 
later. In the first harvest at the end of 3 months 
only prawns and Chanos were partially removed 
while the whole of the mullet stock and the 
remainder of the other two were taken in the 
second harvest. This yielded a production of 
66.62 kg of Chanos, 3.42 kg of prawns and 2.75 
kg of mullets from the pond which works 
out to a total of 1617.6 kg/ha/6| mo&fts. 
The survival in this case was 66.2%, 24.0%, 
and 16.0% for C. chanos, L. macrotepis and 
P. indicus respectively. In other words a total 
annual production of 2,986.2 kg/ha was obtu-
ned. In this experiment, however, a mixture of 
rice bran and ground nut oil csd̂ e (1 :1) was 
given as supplementary feed. 

Experiment III; 
harvesting 

Multiple stocking and Singh 

In addition to the above species, tiger prawn, 
P. monodon was also included in this experi
ment which was conducted for a total period 
of 13 months. Stocking was completed in 8 
instalments spread over a period of 6^ months. 
The overall stocking rates for C. chanos, L. 
macrolepis, P. indicus and P. monodon were 
5,444, 6,800, 27,777 and 1,666/ha respectively. 
At the filial single harvest, 15.23 kg of Chanos, 
21.11 kg of mullets, 1.09 kg of white prawn 
and 0.59 kg of tiger prawn were harvested 
with 43.7%, 78.8%, 5.1% and 14.0% survival 
respectively. When converted to per hectare 
per year the total production was 780.0 kg. As 
in the second experiment, here also artificial 
feeding was given. 

Experiment IV: Multiple stocking arid multiple 
harvesting 

The s ^ i e s used in this experimrat ^rare 
C. chanos, M. cephalus and P. indicus at stocking 



TABLE 1. Stock-harvest details offishes and prawns undermixed culture in a pond at AdyiB' 

Expt. 
No. 

I. 

n. 

• 

m. 

IV. 

species 
Stocked 

C. chanos 
P. indicus 

C. chanos 
99 

»» 
£,. macrolepis 

»» 
P.indicus 

*t 

f» 

C. chanos 
j f . 

f 9 

L. macrolepis 
99 

« 
f* 

p. indicus 
99 

»» 
P.monodon 

f t 

C. chanos 
>» 
>f 

P. indicus 
*> 
>f 

»» 
» f 

M. cephalus 
f> 

Duration 
of Expt. 
(months) 

3 
3 

3(app) 
6 . 5 ( . . ) 

— 
6.5 ( „ ) 

— 
3 ( . . ) 
6 ( „ ) 

— 
13 
— 

• — 

— 
13 

, — 
— 

12(app) 
— 

6( .. ) 

7.5 
4.5 

— 
— 

7 
—' 

4 
— 

11 

Seed 
stocked 
in pond 

200 
900 

500 
-^ 
— 

250 
— 

750 
— 
— 

200 
45 
— 

200 
82 
24 
— 

500 
750 

— 
75 
— 

150 
— 
— 

900 
500 
— 

300 
— 

119 
— 

Stocking 
rate per 
hectre 

4,444 
20,000 

11,111 
.-i. 

.- — 
5,555 
— 

16,666 
— 

— 

5,444 
— 

• — 

— 
6,800 
—̂  
— 

27,777 
— 

1,666 
— 

3,333 
— 
— 

20,000 
11,111 

— 
6,^7 

, — 
2,644 
— 

Average 
Tnii^ol 
M.IU 

Size 
(mm) 

98.1 
49.0 

85.8 
— 
— 

77.0 
— 
37.9 
— 
— 

139.8 
2020 

— 
161.8 
94.7 

147.0 
— 

29.0 
26.2 

• — 

26.6 
— 

116.9 
— 
— 
36.6 
43.4 
— 

63.0 
— 

71.8 
— 

Wt. 
(8iB) 

7.00 
0.45 

4.60 
— 
— 
7.30 
— 
0.30 
— 
— 

18.50 
51.00 

— 
45.8 
16.0 
10.0 
— 

0.12 
0.17 
— , 

0.19 
— . 

10.33 
— 
— 
0.33 
0.61 
— 

1:20 
— 
4.7 

— 

measuremois 
Pinpf 
jriuir 

Size 
(mm) 

205.9 
106.5 

— 
300.0 
3260 

— 
167.0 

— 
156.7 
166.4 

— 
269.4 

— 
— 
— 

219.9 
— 
— 

131.1, 
— 

172.5 

321.5 
282.9 

— 
— 

137.3 
— 

113.1 
— 

237.3 

Wt. 
(gm) 

65.0 
7.0 

, i. 

185̂ 0 
234.4 

— 
45.8 
— 

24.3 
32.0 

— 
138.4 

— 
— 
— 

85.0 
— 
— 

17.03 . 
— 

45.40 

—-
205.0 
191.0 

— 
— 
17.4 
— 
10.0 
— 

141.1 

No. 
harvested 

from 
pond 

118 
312 

— 
222 
109 
— 
60 
— 
54 
66 

— 
107 
— 
— 
— 

241 
— . 
— 
64 
—. 
13 

60 
60 
— 
— 
77 
— 
30 
— 
37 

Total 
weight 

harvested 
(kg) 

7.67 
2.18 

,. , 
41.07 
25.55 

— 
2.75 
— 
131 
2.11 

— 
15.23 

— 
— 
— 

21.11 
— 
— 
1.09 
— 

0.59 

—-
12.30 
11.46 

— 
— 
1.34 
— 

0.30 
— _ 

5.22 
• 

Percent
age of 

survival 

59.0 
34.7 

_ 
— 

66.2 
— 
24.0 

—i-

— 
16.0 

— 
43.7 

— 
78.8 
— 
— 
5.1 
— 
14.0 

.^ 
— 

80.00 
— 
— 

— 
6.3 
— 

310 

Production 
per 

ha/year 
(kg) 

875.50 

2986.20 

780.0 

680.40 

0 

m 
JO 

< 
> 0 
0 9 

0 

s 
0 
0 
G 5 d 
ffl 

0 
*4 

09 

> 

>8 
> 
CO 

-a 



TABLE 2 a. Monthly average values of physicb>-chemical features of pond voter , 

Parameters Jan. Feb. Marcli April May June July Aug. Sept. Oct. Nov. 

Water temp, ('c) 

D.O. (ppm) 

Silinily (ppt) 

pH 

Free CO« (ppm) 

Total alkalinity (ppm) 

Phosphate (ppm) 

Silicate (ppm) 

27.9 

10.45 

12.60 

8.00 

Nil 

90.00 

0.30 

3.00 

30.6 

11.45 

19.20 

7.90 

Nil 

110.00 

0.40 

2.40 

30.2 

9.28 

16.5 

8.50 

Nil 

130.00 

0.20 

1.60 

30.9 

9.40 

15.40 

8.40 

Nil 

160.00 

0.40 

2.80 

Dec. 

g 

33.3 

6.50 

1Z65 

8.30 

Nil 

180.00 

0.40 

3.00 

29.8 

7.70 

12.45 

8.30 

Nil 

152.00 

0.30 

2.20 

31.0 

11.40 

10.00 

8.30 

Nil 

8400 

0.40 

3.00 

31.8 

10.80 

12.6 

8.00 

Nil 

80.00 

0.69 

4.00 

29.4 

6.73 

8.33 

7.60 

1.20 

65.00 

0.72 

4.60 

30.1 

10.87 

8.33 

7.40 

Nil 

60.00 

0.90 

4.80 

28.4 

10.60 

10.30 

N.D, 

N.D. 

N.D. 

0.18 

6.00 

-

< 

2 > 

N.D: No data 

TABLE 2 b. Average values of physido-ehenucal features of pond soil 

^ 

^ 
Physical Chemical 

Months Sand Silt Oay 

19.5 

21J 

— 

— 

Available 
phosphate 
mg/lOOgm 

2.9 

2.3 

6.0 

6.8 

6.0 

(kganic 
Carbon 

% 

0.54 

0.63 

1.11 

1.46 

1.23 

Free 
CaCo« 

% 

2.1 

2 0 

Zl 

2.4 

2.1 

Chloride 
% 

1.3 

1-3 

1.4 

1.3 

1.3 

pH 

7.6 

8.2 

8.0 

7.8 

7.8 

May 

June 

September 

October 

November 

70.0 

68.5 

10.S 

10.0 
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rates, 3,333, 2,644 and 37,778/ha respectively. 
The stocking was accomplished in 5 instalments 
and the harvesting was done on 2 occasions, 
the total period of experiment being one year. 
No supplementary feed was given. The total 
production achieved was 30.62 kg/12 months 
of which Chanos contributed to 23.76 kg 
muHets 5.22 kg and prawns 1.64 kg the 
percentage survival being 80.0, 31.0 and 6.3 
respectively. Since the period of experiment 
was one year, the total production works out 
to be 680.4 kg/ha/year. 

The physico-chemical characteristics of water 
and soil such as temperature, dissolved oxygen, 
salinity, pH, free COg, total alkalinity, phos
phates and silicates of water and percentage of 
sand, silt and cky, available phosphate, organic 
carbon, free CaCOg, chloride and pH of soil 
were recorded during the course of the study* 
The monthly averages of the same are presented 
in Tables 2 a and b. Temperature ranged bet
ween 27.9''C in January and 33.3''G in June, 
salinity between 8.33 ppt (October and Novem
ber) and 19.2 ppt (February) and dissolved 
oxygen between 6.5 ppm (June ) and 11.45 ppm 
(February). The other parameters did not 
^ow wide fluctuations except total alkalinity 
which varied between 60.0 ppm (November) 
and 180.0 ppm (June). 

During the second and third experiments 
sporadic cases of mortality were observed follo
wing sudden rainfall. On such occasions, 
physico-chemical characteristics were recorded 
with a view to pin-pointing the causative factors 
responsible for the mortality. It was interesting 
to observe that mortality was concomitant with 
low values of dissolved oxygen which was more 
pronounced during early hours of the morning. 

DISCUSSION 

The experiments detailed in the foregoing 
account were of a very preliminary nature 

mainly aimed at evolving techniques for utili-
singsuch seasonal ponds forproducing standard 
fish and prawn. From the experience gained, 
it can be inferred that short-term culture of 
3 to 6 months is more desirable than pro
longed rearing. This is in agreement with 
the observations of George et al (1968) in 
paddy field prawn culture and Jhingran (1978) 
on P. monodon cuhurc at the C.I.F.R.t 
farm, Kakdwip. 

Multispecies culture has proved more produc
tive than monospedes culture both in fresh 
and brackishwater because of the compara
tively superior utilisation efficiency of a number 
of species tapping the different food pockets 
in the ecosystem. t)as (1978) has elucidated 
this point as far as brackishwater culture is 
concerned by giving the production figures of 
P. monodon when cultured alone (1000 kglh.&lYt 
in 3 crops) as against culturing it together with 
mullet (2600 kg/ha/yr). The present obser
vation eloquently proves the above view espe
cially in the second exiperiment wherein Chanos 
was also included resulting in a production 
of about 3000 kg/ha/yr. This further points 
to the desirability of judiciously increasing 
the number of compatible species with a view 
to further enhancing the production as is 
accomplished in tiie freshwater composite 
culture of carps. 

In the same experiment by repeated harvests, 
table sized fishes and prawns were removed 
leaving the smaller ones to grow faster utili
sing more space and food resources. More
over, removal of larger specimens improves 
the conversion eflEtciency of the population. 

As already mentioned, short-term culture 
with repeated harvests was found to yield very 
good production. Conversely, the same when 
done over a longer period did not prove to be 
equally productive as is observed in the last 
experiment. It is quite possible that this also 
could have resulted in equally good production,' 
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if restricted to a shorter period. Possible 
reasons for less production in the last two 
experiments were the reduced volume of water 
during the later part of the experiment and 
probably accumulation of external metabolites. 
Together with the reduction in volume of water, 
the concentration of metabolic wastes has 
increased to such levels as to retard the normal 
growth of the stock. The paddy field prawn 
fishing in Kerala is in many respects comparable 
to the last experiment, the main diiferences 
being the shorter periodicity of stocking and 
harvesting and also the accompanying exchange 
of water. 

The stray instances of mortality in the second 
and third experiments mentioned earlier are of 
significance because, they have occurred imme
diately after sudden rains. This might pro
bably have happened due to the sudden cooling 
and sinking of surface water bringing the oxygen 
deficient bottom water to the surface. Due to 
the heavy load of silt and debris accumulated 
over a long period in the pond and the organic 
muck derived from the garbage dumps around. 

the water at the bottom is likely to be polluted 
by CO2 and other foul gases. This also would 
have affected the fish in the process of mixing. 
It is noteworthy that during certain periods of 
fish kill, CO2 was noticed in the surface waters 
in addition to the very low dissolved oxygen 
(1.6 ppm). Raghvan et al. (1977) have reported 
an instance of fish mortality in Byramangala 
reservoir. 

These experiments have shown that even 
small seasonal stagnant ponds can be well 
utilised for producing useful fish and prawn. 
This is not to be always [taken with a h i ^ level 
of profit motive but, as beneficial to rural 
marginal farmer as it can provide a certain 
amount of badly needed protein in the day to 
day ration of himself and his family (Tubb, 
1967). Extensive adoption of such subsistance 
level fish farming all along the long coastal 
regions can go a long way in augmenting the 
overall fish production in our country and also 
improve the socio-economic conditions of the 
rural poor. 
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SOME PROBLEMS IN COMMERCIAL CULTURE OF MARINE 
PRAWNS IN INDIA 

P. BBNSAM 

Central Marine Fisheries Research Institute, Cochin'6%2 018 

ABSTRACT 

Although experimental work is being carried out on commercial cultivation of marine prawns 
at a few centres in India, intensive culture technology to suit the varying ecoloi^cal and hydrobiological 
conditions in different parts of the country is yet to tie developed and perfected. One of the constraints 
for increasing stocking density of prawns for obtaining maximum producticHi per unit area is in adequate 
water replenishment on which isfpeaA. the vital factors affecting the well-being of the stock. As prawns 
usually like to consume natural food items like algae rather than artificial food supplied such as pellets, 
an attempt to enhance their growth and fatten them by the latter is beset with diflSculties, unless they 
are equally nutritious and well balanced. Another constraint in intensive culture of marine prawns 
is the havoc caused by predators, particularly carnivorous fishes. The present paper examines these 
problems and suggests ways and means of overcoming or reducing them. ~ 

INTRODUCTION 

AMONG the two general kinds of prawn culti
vation being practised in different parts of the 
world, * extensive culture' involves operations 
in more or less natural amenities available, 
rather indiscriminate stocking allowing entry 
of even undesirable organisms inside the 
culture system and is devoid of prefer manage
ment procedures. The more scientific and 
systematic method of cuhivation called ' inten
sive culture * invdves elaborate construction 
(Of culture ponds, selective stocking with the 
most desirable species and implementation of 
manag^ent procedures. In the former 
method, production is rather low but in the 
latter it is quite high. In India, where there are 
vast scope and potentialities for commercial 
culture of marine prawns, only extensive culture 
is being practised in the ' Pokkali' fields of 
Kerala, 'bheris' of West Bengal and ' Khazan' 
Ismds of Goa. However, in the w!ake of increas
ing demand for marine p r a ^ s bcvth for 
internal consumption as Well as fox export 

purposes, attempts are being made at present 
for their intensive culture; and experimental 
work and/or pilot projects are being under
taken at a few centres by research organisations 
as Well as commercial firms. An intensive 
culture technology has been developed in 
countries like Japan (Shigueno, 1975). Unlike 
Japan, India is a vast country With an extensive 
coastline of about 6,100 km With various agro-
climatic and soil conditions, and localized 
ecology and hydrobiology. As such, the inten
sive culture technology being evolved in various 
regions is bound to differ from one another. 
However, there are a few general problems 
which are likely to be faced in intensive culture 
operations wherever it is practised in relation 
to the prevailing conditions and in the context 
of the principal aim of enhancing production 
in intensive culture. The present paper exa
mines some of these problems faced by the 
author in Tuticorin and Porto Novo during 
1975-79 and suggest ways and means of 
overcoming or redi«>mg them. « 
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Water replenishment 

One of the constraints for increasing stocking 
density of prawiis in intensive culture systems 
for obtaining maximum production per unit 
area is in adequate Water replenishment. It is 
Well realized at present that the vital factors 
affecting the well-being of culture stocks such 
as amount of oxygen available, temperature 

*of pond water, calcium content present, etc. 
are closely linked up With Water manage
ment. In intensive culture in Japan it 
was found (Shigueno, 1975) that no simple 
stocking formula could be prescribed without 
taking into consideration the quantity of dis
solved oxygen present and the rate of circula
tion of pond water. Experience has shown 
that if water temperature is 28''C, dissolved 
oxygen content is at 80% of saturation (6.3 
ppm) and if 10% of the amount of water 
could be replaced every hour, then the 
stocking density could be made at a 
level to yield 0.11 kg/sq. m, allowing a 
mortality of 30%. On the other hand, if 
33% of Water could be replaced every 
hour under the same conditions, the stocking 
density could be increased to a level to yield 
0.5 kg/sq. m, which in terms of a hectare would 
amount to 5,000 kg. From these facts it is 
obvious that for increasing prawn production 
by intensive culture, it is imperative to ensure 
effective Water management in culture ponds. 

The most inexpensive method of water re
plenishment for culture ponds is by making 
use of the tidal amplitude prevail-
linfe in the locality. In India, tidal amplitudes 
are usually more during the second half of the 
year than during the first. Also, south of 
about 14° latitude, the amplitudes are usually 
in the range of 1 to 1.5 metres, while north of 
this latitude the amplitudes are more. Besides, 
the topography of the site selected for culture 
in relation to prevailing tidal amplitudes 
throughout the year should be carefully exa-

#mined for ensuring effective water exchange. 

Taking these aspects into consideration 
it appears that for constructing culture 
ponds in a state like Tamil Nadu the ponds 
should be deep enough for holding adequate 
quantity of Water. Also, fool-proof provisions 
should be effected for sufficient renewal of 
water, such as a separate outlet, installation of 
inexpensive Wind-mills, etc. Cases have come 
to notice where seepage has been taking place 
even in clayey areas, resulting in quick loss of 
water. In such areas, the ponds should be ex
cavated in such a manner that the pond bottom 
is at a level lower than the substratum of the 
source from Which Water is drawn for culture. 
Alternatively, durable liners such as made of 
synthetic material and inexpensive sealents 
could be used to make the culture ponds free 
from seepage and rapid loss of water. 

In addition to effecting adequate Water 
replenishment in the above lines, the amount 
of oxygen present in the pond water may be 
kept at optimum levels by operating artificial 
contraptions also. Aerating water in commerr 
cial culture ponds is commonly practised in 
intesive cultivation of prawns, eels, etc. in 
coimtries like Japan. Development of indi
genous contrivances for aerating pond water 
Would go a long way for solving the problem 
of oxygen availability in ponds and lead to 
higher production. 

It Was observed that ponds constructed in 
areas which enjoy strong winds have the advan
tage of some quantity of atmospheric oxygen 
diffusing into the Water. Therfore, Vi'hile pre
paring layout of culture ponds it is essential 
to bear in mind the direction of Winds in diffe
rent seasons of the year and plan the layout 
in such a manner that the pond water is, 
exposed to maximum Wind action. However, 
on days with windless Weather, lack Qf ade
quate diffusion of atmospheric oxygen Was 
found io result in deoxygenation of pond 
water and distress for cultre stocks,. 0^ such 
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occasions, it is essential to exchange the Water 
immediately or aerate it artificidly. 

Feeding culture stocks 

In temperate regions of the World there is 
rather less natural productivity in embanked 
areas and estuarine regions. On the other 
hand, in tropical zones under blessings of 
enough sunlight and natural and man-made 
fertility available, productivity of Water masses 
is rather high (Bardach et al., 1972), leading 
to algal and diatom blooms which in their turn 
result in zooplankton production. This natural 
productivity is a factor of great advantage in 
extensive culture of prawns, as there is lesser 
need for providing supplementary food. On 
the other hand, in intensive culture operations, 

I the aim is to enhance growth and production 
I of culture stocks by providing artificial Well-
I balanced food. And, since prawns are observed 
! to prefer natural food items present in culture 
i ponds to artificial food pellets supplied, the 
I presence of the former in large quantities is 
likely to prejudice the success of intensive 

i culture operations. It may be noted in this 
{connection that it is rather impractical to 
i prevent the growth of algae and diatoms, since 
(natural fertility factors as Well as the nutrients 
{added to the system in the form of left-overs 
ifrom artificial food supplied serve to increase 
the production of algae, diatoms, etc. 

i One way of reducing naturalalgal growth is 
to strike a balance at Which the artificial food 
supplied is just sufficient for the growth of 
the culture stock, without allowing any residue 
to get into the pond ecosystem. In this ccmnec-
tion, it is essential to ensure that the artificial 
food supplied remains intact in the bound 
joondition till it is consumed completely by the 
brawns. For this purpose, an effective binding 
lagent such as gluten or agar-agar or even some 
jsynthetic binder in adequate concentrations is 
ian essential prerequisite. The pelletted food 
Bduld be compounded in such a Way that its 
{taste should be made equally aoc^atfle for 

the prawns as natural food available. In this 
case, some amount of fundamental research 
appears to be necessary. Besides, periodical 
estimation of the stock present in the ponds 
may be made for broadcasting only the amount 
of food required by the stock. 

Environmental conditions 

Unlike Penaeus indicus and P. monodon 
which have a wide range of tolerance to such* 
environmental factors like salinity, species such 
as P. semisulcatus is leas euryhaline and Will 
not be able to tolerate low saline conditions 
ranging from 15 to 20%o. Also, sudden lower
ing of salinity accompanying heavy rains or 
in&ax of fresh water was foimd to affect culture 
stocks of P. semisulcatus at Tuticorin and 
Porto Novo. When pens or ponds construc
ted in areas which are prone to such adverse 
factors are stocked with P. semisulcatus the 
results are most likely to be disastrous. There
fore, it is an essential prerequisite that culture 
of such species is carried out in localities and 
during seasons which are free from sudden 
changes in salinity values. 

Similarly, high values of temperature were 
observed to cause distress to culture stocks, 
especially during summer months (April-June), 
When temperature in the afternoon hours rises 
to 35-40°C. If the culture ponds, are deep 
enough or provided With trenches for the shelter 
of the stock, it would serve to protect the popu
lation and reduce mortality. In addition, to 
this, shelters may be provided in the form of 
tree branches, bamboo twigs, coconut leaves, 
palmyrah leaves, etc. for prawns to get sheltfer. 
Also, jets or foimtains of water could be provi
ded for cooling the ponds on days of excessive 
heat. 

Prawns which were cultured in ponds having 
a slushy substratum were observed to register 
much less growth than those stocked in ponds 
with a firm substratum such as hard clay 
and sand. It was also foimd out that quite \ 
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often prawns cultured in ponds of the former 
category had failed to harden the shells, point
ing out that the amount of calcium present 
in such an environment is not sufficient for 
their growth, moulting and normal hardening 
of the shell. Therefore, it is advisable to avoid 
such areas for prawa culture operations, 
but, if such areas could not be avoided, steps 
to improve the environment should be resorted 
'to such as conversion of the slushy substratum 
into one of hard clay or sand. Alternatively, 
adequate amount of calcium may be provided 
in tim supplementary food supplied to the 
culture stocks or calcium compounds may be 
applied to the ponds from time to time, without 
adversely affecting the hydrology of the pond. 
Some amount of basic research on calcium 
requirements of the important species at various 
levels of their growth stages and assimilation 
Wider various hydrobiological conditions in the 
culture site is essential in this regard. 

Fish Predators 

Predatory animals, particularly carnivorous 
fishes, usudly cause considerable alarm in inten. 
sive culture of marine prawns. Even in coun
tries like Japan, fish predators have been posing 
serious problems and many a venture is stated 
(Shigueno, 1975) to have met with disastrous 
ends due to the failure to solve this one prob
lem. In India, the predatory fishes usually 
found in prawn culture ponds are Lates calcarU 
fer, Elops saurus, Epinephelus, Therapon, etc. 
In addition to these, crab predators Scylla 
serrata and Portunus pelagicus have been obser
v e , particularly the former in large numbers. 
Even after killing predators by chemical fish 
poisons or organic fish toxicants Well before 
stocking the ponds, these harmful organisms 
Were observed to find their way into the culture 
ponds by penetrating mesh screens in their 
early developmental stages and grow rapidly. 
For instance, Elops saurus was found to grow 
to a size of 12-15 cm total length within 45 
days. 

One way of preventing the enttance of preda
tory fishes into culture ponds is to mechanically 
obstruct their penetration by providing a 
series of fine-meshed nets across the passage 
of water. In this connection, care should be 
taken to ensure that the meshes of the net 
screens are smaller than the sizes of the eggs, 
larvae, etc. of predatory fishes. E3q)eriettce 
has shown that this is an effective method. 
Another way of solving the problem of preda
tory fishes after they have found access into 
the ponds is the application of agents contain
ing such toxicants which when applied in 
certain concentrations are lethal only to bony 
fishes but do not have any bad effect tm 
prawns. These toxicants are rotenone, saponin 
contained in derris powder, teaseed dlcake 
and mahua oilcake. In this connection, the 
approximate age of the predator at which it 
becomes actively predaceous should be known 
in order to determine the periodicity of 
applicaticm of the toxicant. 

The only method of eradicating crab i»eda' 
tors is to trap them by using simple trap-bait 
devices, such as the one used for capturing 
Scylla serrata in certain areas (Sbanmugam 
and Bensam, MS). 

Remarks 

Shigueno (1975) has rightly pointed out (bat 
* for development of shrimp culture into a 
stabilized industry, three factors must not be 
excluded from serious attention, namely, the 
breeding of fry, the control of natural enemies 
and the problem of feeding which includes 
the management of pond water*. Among 
these three factors, production of prawn seeds 
by artificial propagation has already been 
achieved in India through the recent researches 
of the Central Marine Fisheries Research 
Institute (CMFRI, 1978); and some agencies 
are on the way of commercialisatioa of prawn 
seed production at present. But, the pBob> 
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lems of controlling natural enemies and feeding 
culture stocks in the context of natural producti
vity and management of Water replenishment in 

various ecosystems still remain as important 
problems to be investigated and solved success-
fuUy. 
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DISIIUBUTlON OF SPEXlIlS W PAWNS IN llD3 BkC33:WATERS AND 
ES'FUABIES OF ZNDlA WITH l&ZERENCE TO COASTAL AQUACULTUm 

M. J. GEOILQS AND C .  SUSBBLAN 
Central Marine E'idwtirPs &mqrch Institute, Cochin-682 018 

Several of the species of prawns of marine origin as well as some of the species of freshwater origin 
have a common brackishwater phaw in thnir! life history. As a result of this many of these species occur 
in large numbers in all the ahmries and ~ w a t c r s  of India in their postlarval and juvenile stages. Thc 
distribution of these species in the major bWshwater enviromeert~ af &a eouatry has been studied 
with reference to their composition and seasonal abundance. The most common species which are sui- 
table for culture purposes are P m u s  indicus, P. momdon, P. semisnfcarus, Pd mer+guiensis, Metapenaeus 
dobsoni, M. monoceros, M. &is, M. brevicornis and Parapenaeopsls sculptilis among the m i d  
prawns and Macrobrachtum rosenbergii, M. malcolmsonii, M. tdella, M. equidens, M. rude, Palaemon 
stylfferus and P. tenuipes among the palaemonid prawns. Although P. indicus, one of the species very 
much in demand for culture, is found in almost an the estuaries, it occurs in maximum abundance in the 
southwest and sm&east ooastal m&m. P. molredon, whichgrows to the Iargat size among thepenaeid 
prawns, is most c~nimonly distributed in tbe estuaries of middle and narthern regions bf the east caast. 
M. ddrsoni is the dominant spedes in the backwaters of the southwest caast. 

In kneral the postlarval and early juvenile stages of these prawns are encountered almost through- 
out the year. However, October-May is Pound to be the peak season of abundance in the brackish- 
water areas of the west coast and southeast coast, while January-April t)nd August-Decemb are-the 
peak seasons in tkeestuaties-of tk~edddio &ad mrthern regions of the east coast, The penetration cmd 
spatial distribution sf different spscIes in relation to salinity conditions of Vcmbanad h k e  have been 
traced during their peak scoson of rrbuadana. 

IT IS a matter of common knowledge that 
!most of the commercially important penaeid 
lprawns of marine origin have a bracwsbwater 
[phase in their life history. Some of the fresh- 
water palaemonid prawns also share the same 
'characteristic of having a brackish water phase. 
;While the former use the estuarine wateis as a 
!nursery ground for the young ones after the 
jbreeding of the adult in the sea, the latter use 
!these waters for the breeding purposes a d  
jearly development of the larvae. So t h ~ ~  
fbution of the various species of prams in dre. 

18 

estuaries and brackisb W & r s  becomes im- 
portant in the context of culture of these spe- 
cies especially with refbmwe to the availability 
of h i r  young ones to be used for stock& 
purpose. I n f o ~ i o n  on the distribution of 
the different spacies in these environments in 
some of the estuaries like Cochin Backwaters, 
Hooghly-Matlah Estuary and others is availa- 
ble in the studies made by Menon and Raman 
(1961), George (1962 a ; 1962 b), Ramamurthy 
<1963; 1972), aOpalakrishnan (1971), Moh4ued 
crad Rao (1971), Rao and Kathirvel (1971), 
&jyalakshmi (J972)> $ampson Manickam a8d 
fhnivasagarn (1972), Evangeline (lWS), Rao % . 
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m w ~ I ' a R  PRAWN P-G IN THE ASHI-1 AREA 
(S, W. COAST OF ZNINk) -ITS PROSPECTS L4NB PR- 

P. V. RAMACHANDRAN NAIR, N. N. PILLAI, V. KUNNIFRI~HNA PLLAI, 
P. PARAMBSWARAN PILLAI, K. J. MA-, C. P. GOPLNATHAN, V. K. BALACHANDRAN, . 

AND b. VINCBNT 

Central Marine Fisheritp Research Institute, Cochin-682 018 

In the Ashtarnudi Lake area (Quilon Dist., Kemla) where scientific aquaculture practices of any 
kindwere not in existence,QeCMFNinitiated a demonstration project for theculture ofmarirk prawns 
in 1978. Fourteen ponds having a total extent of 2.06 ha, owned by M/s,Blackstone Wustries at 
Nmndakam were selected fas the above purpose. 

Pre-stocking obp'vations on bio-ecological parameters were carried out which indicated that the 
ponds were highly productive and provided optimum conditions for culture opmtions. Early juveniles . 5 qfPmaeus htdiicus of 15-25 mm (18.2 rnrn mean length) size groups were stocked during --July 1978 
at a rtite of 50,600 to 70,000jlh. During the pre-monsoon period of 1979 (Jshslaay to Jme) the stocking 
rate of P, indicw weds (mean length 18.8mm) varied from 56,000 to 252,OgO&a. T&e werage &wth 
per day wm found ti, be 0,73 mm a8d 0.54 mm respectively in the cultureexparimentsof 1978 and 1979. 
Thp differem observed- in tla growth rate was mainly due to the iacnaw in stockin8 density in 1979. 
Homw, gfqwth rate of fhqspwi88 dUri~g the &st 20 days after s t o c ~ g W ~  c(ql&tmtly faster in both 
thie p w ,  a v w e  being 1.86 mmIdpy in spited varying enviroamental oanditionrrand stocking density. 

The feed BacIt'data collected during the demonstration experiments ppmklcd baseline information 
for the introdudtibn of scitntifk fuming of penaeid shrimps in this area. 

~NTRWUCTION of the lower of the Ashtamudi Lake in 

IN REC& years, the prospect of aquaculture 
has been gaining wide recognition throughout 
the* country. However, it is yet to become 
popular as a profession or occupation for the 
farmers in view of the paucity of information 
on the economic viability and financial depen- 
dabiiity. In order to fill up this lacuna, the 
Centtal Marine Fisheries Research Institute 
has taken up demonstration projects in aqua- 
culture i~ several parts of the country. 

Convinced of the potentialities of areas sf 
unwed mmhy lands avaikblk on both s& 

the Quilon di M a ,  and in view of the 
meagre d e v e l o m t s  made in aquaculture in 
this coastal area, a project was undertaken 
from 1978 as a pioneering attempt for the culti- 
vstion of prawns in a perennial field owned by s 
private entrepreneur. The present paper deals 
with the culture owations carried out in twp 
seasons and the results obtained therefrom 
mder the project. 

Tfmt authors art ptefu l  to Dr. E. C). Slas, 
EM&-, Centrat. M b  .Fisheries Research 
Institute, who identified the farm and h e  ail. 



































A SAMPLING DEVICE FOR THE QUANITI'ATIVE ASSESSMENT OF PRAWN 
AND EISH SEED RESOURCES IN THE ESTUARINE AREAS 

K. J, MATHEW, K. RBNGARAJAN, G. S. D. SBLVARAJ AND K. N. GOPALAKRISHNAN 
Central Marine Fisheries Research Institute, Cochin-682 01 8, India 

The need for a suitable and etiicient sampler for the quantitative assessment of prawn and fish sad 
resources of the estuarine areas was very much felt during the field surveys. Drag&$ or pushing a net 
was baset with ssveral dittlculties in the estuaries and backwaters. To ovorcom thsw, several devices 
such as drag nets, trolley type pu4hing nets, scoops, traps, etc. were tried and 5nally a simple and at tho 
same time ettlcient sampler was adopted. 

The Quantitative Seed Sampler (QSS) deviad for sampling in the estuaries and backwatets is an 
aluminium foldable cage of the size of 100 x 100 x 75 cm, open at top and bottom. All the four s h  
of the a g 3  are covered with nylon netti- Besides this, a square scoop net of 95 X 95 cm which ' 
would almost fit into the cage, is used to scoop out the seeds trapped inside the cage. The method of 
operation is to suddenly place the cap in a water area so as to 5rmly settle at the bottom ensuring corn- 
plate prevention of even the fast swimming organisms from the cage. All the prawn and 5sh seeds o w  
trapped in the cage could convenimtly be collected using the scoop net. Fabrlcrtion of the rompkr, 
matorials requitad, dimensions, its oporatiaa, efliciency studies made, advantages and disadvantages, 
ctc. are discussed in detail in this paper. 

FOR SUCCEFJSFUL Aquaculture practices, one of 
the factors needed is the knowledge about the 
availability of natural seed resources of the 
desired fishes or prawns. Aquaculturists need 
not always depend upon the laboratory reared 
seeds and this is not necessary also when the 
seeds are available in the wild in required quan- 
tities. The shallow areas of estuaries and 
backwaters (right from the water edge) have 
been found to be an excellent habitat for fish 
a id  prawn larvae of cultivable species. Their 
abundance has been found to vary with areas 
and seasons. Hence, a quantitative assess- 
ment of the natural seed resources in space 
and time becomes a prerequisite for the success- 
ful farming of brackishwater prawn and fishes. 

While conducting surveys for the assessment 
of prawn and fish seed resources of cultivable 
species in estuaries and backwaters of Kerala, 
the need for a suitable sampler for the quanti- 
tative estimation of the seed r e s o w s  was 
felt very much. Several gears such as drag 
nets, trolley rrpe push nets, scoops, traps, 
cages, etc. have been expaimented. Finally, 
an entirely new one was selected being the most 
e5cient. The present paper gives the details 
of the fabrication and operation of this sampler 
including the materials required, dimensions 
and its eftlciency (Table 1 and 2). A cornpara- 
tive study of the catch efficiency of the present 
sampler with another type of quantitative 
sampler was also made ('Fable 2). 

Theoauthors express their sincere thanks to 
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RELATIVE EFFICIIENCIES OF PEZLETIZED FEEDS COMPOUNDED W]tTHt 
DIFFERENT ANIMAL PROTEINS AND THE EFFECT OF PROTEIN 
LEVEL ON THE GROWTH OF THE PRAWN PENAEUS INDICUS 

' 

Central Marine Fisheries Research Institute, Cochin-682 018 

Laboratory experiments with four pelletizedfeeds, compounded separately with the animal proteins 
from prawn waste meal, mantis shrimp protein, clam meat powder and flsh meal in combination with 
the plant protein from groundnut cake, were conducted to study the relative eflciency by feeding 
juvenile Penueus indicus. The animal and the vegetable proteins in each feed were approximately 
adjusted in the ratio 1 : 1. Tapioca powder was used as the source of carbohydrate as well as the bind- 
ing agent. The control experiment was carried out with the feed prepared solely from fresh clam meat. 
~ & d s  with mantis shrimp protein and clam meat powder gave high increase in live weight and good 
food conversion values followed by the feeds with fresh clam meat, prawn waste meal and fish meal. 

Feeding experiments with pelletized feeds, consisting of mantis shrimp protein, groundnut cake 
and tapioca powder with crude protein content ranging from 20.5 % to 46.5 % were conducted on the 
juvenile P. Indieus. Progressive increase in the live weight gain was recorded with the Increase in the 
crude protein level upto 42.9 %and M i n e d  thereaftkr, while the protein ef3ciency ratio wds the highest 
at 20.5 % crude protein level. 

'PEIU white prawn Panasus indiaus has been 
i&11ti0ed as one of the most suitable species for 
intensive culture in coastal aquaculture practi- 
ces, The development of a suitable feed is an 
important pre-requisite for the successful cul- 
ture operations. For that the basic knowledge 
on the nutritional requirements of the prawn is 
essc:ntial. Commendable work has been done 
in this direction (New, 1978) and a number 
of feeds have been patented in various countries 
of athe world. Very often these feed formula- 
tions cannot be directly utilized due to either 
the non-availability of the raw materials or 
therr prohibitive cost. 

Motein form the most important constituent 
in prawn nutrition. Several workers have 

2 1 

conducted studies on the ptotein requiremerit 
of different species @eshimaru and Shigeno, 
1972 : Sick et al., 1972; Venkataramaiah et al., 
1975 ; Balazs and Ross, 1915 ; Colvin, 1976), 

In the present study, an attempt has beea 
pade to study the relative elllciencies of some 
of the locally available animal protein materials 
to be included in prawn diets and the protein 
requirement in the feeds in terms of the, raw 
materials for the culture of P. indicus. 

The author wishes to express his sincere 
thanks to Dr. E. G. Silas, Director, Central 
Marine Fisheries Research Institute, Cochin 
and Dr. P. V. Rao for their encouragement 
through the work and to Shri M. S. Muthu 
and Dr. M. M. Thomas for critically going 
through the manuscript. Thanks are due to 
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C I 

BIOCHEMICAL S"rUDf6S QlW' 'SOFT' PRAWNS : 1. P a O m  NITROGEN AND 
NON-PR- m Q G E N  CONTENTS IN PENAEUS INDICUS 

Central Marine Fisheries Jlesearch Institute, Cochin-682 018 

c v ABSTRACT 

The tail portion of both the healthy and 'soft' p r a m  ( P ~ w &  indicus) collected from 
experimental ponds, w8s analpsad for Protein nitrogen (PN) and Non-protein nitrogen (NPN) to find 
out to what extent the two fraction& of the tab1 nitrog~n (TN) vary unda these two c~nditions. The 
analysis reveals that the NPN fragtion iaconsidarably h i g h  in thequic of 'soft ' prawns as compared 
to that of the healthy prfrw? l t  is aaspnedtbat the increase of NPN eonteat in ' soft ' prawns may 
be due to endogenous protein m~taFl ism caused by changes in the ecosFstem during the period of 
extreme ecological conditions. 

P 
* 

I N T R O D U ~  Hence, the first part of the investigation 
deals with the quantity of protein nitrogen 

PRAWNS arc lalown to becorn ' soft ' in (PN) and non-probin nitrogen (NPN) present 
brackishwater culture ponds during the priod in ae tissuoa of *e 6 soft 9 prawn Pernus 
of adverse ecological conditions like, bw roli- indiCu9 and on the of protein 
nity, high temperat=* ?ver w0wd@g* etc* sunration causative factor for softness 
This is one of the ~mjor,~problen~s in inteqsive in prams based on experiments out in 
priiwn culture operatimp, as heavy mortality he laboratory, 
is poticed following such f pioft ' condition. 
Thp causative ;factprs @at lqgl to the ' soft * 'I am $0 E. Silab Director 
condition have not been thoroughly studied. Dr. P. VsQ~y81)8 Rao, Central Marine 
ThE,%present Cvestigation was at finding Fieheries R-h Institute, Cochin for thdr 
out the possible causative factors for such a a m g e m e * t  and *luable WgeStions. I 
collditioa through biochemical and physio- apl indebted to Sbri M. 8. %futhu for critidly 
logical studies. going throligh the manuscript and for his 

valuable sugghtions. Thanks are also due to 
- It is well known that proteina are ubiquitous Shri K. Narayana Kurup for his help ip &c 
ooprgonents of all liviag tissues and serve statistical analysis of the data. 
inclispensable functions in creltuJsr aditecture \ 

and are intimately concerned with virtually UATWUAL AND METHODS 
all physiological events (Mahler and Cordes, 
1%8). Therefore, my changein thephysiology The prawn P. indicus were 601le+d fm 
of the organism as a result of advet& ecological experimental ponds at Narakkal during the . 
conditions is bound to affectthe protein yntent period of southwest monsoon when the . 
of the tissues qualitatively as well 4s quanti- salinity of the pond water was low (range : 
tat ively . 1.61 to 2.25%,). The tail portion was 
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I wvir~+&i ~H&ERISTICS OF THE SEASONAL 
ANP ;PER#@JNUI& PRAWN CULTURE Rt%?Z,m IN THlii ' 

X W W E  SYSTEM OF COCHIN,, 
, I  ( 1 

P. PA~~*XMBWXRAN ~aehr; p. V ~ A Y A I C U ~ ~ ~ ~ R A N  V~~IC; b*t~ha~d~rrc : 
i 

C$vural Marine &weirch .. ~ o c h l n ; d ~  618 a , 

l r  ,> ' The papv embodiea t l .  reaullq of iovoatigations conduded to study tb environrtieutal chwac. 
teristics of the prawn c d t m  fields in the estuarine system of Cochfn from'&@odd in thihorth h 
~umar ikam in the qguth includins the Vembanad Lake. Primgry p&d&jdty and ti!hi& ~~drid-' '  ' 
biological parametediof the Watef have bdea studied from 90 stations auiifig D d b e r  '17 to M69 
'78 vehen3he prawn'and other br8cki4fiwatd fishes atecultivated in t b  fibldsfiyhg a d b e t  ta thQ1 
ecosystem. In addition, t~*pifcrulha, bentHlc f ~ u n a  and c h e d b l  c o ~ & t s o f . ~ u d  dfteasdfkkh 
have also bsen analysed and results presented. Sisaitlcant 9e@mat, v w i o p  ih t b  'caes d . 
primary production, faunistic composition of epifauw.abd bath& &tboso@fm atlltwa fjdda weaa 
observed. The obeItlW composition of the mud also dxiocad distipct rl(io~4yj@qio4s, w d  m, , , 
these productivib parametors, an attempt has been made & ~ w i s o  thq vuio&pmwn cpItq1fieMq 
esisting in Wb e s t d k b  sy&emf1 

t i  i l i  

8 1 i' : -'>, j , 

I N T R o D U ~ ~ ~ ~ N  at areas, t&ailed cyccdunt aadibg. W& 

- 
Although several publications (Qasim et af., I ,  . I , -  , i 

1969 ; Q.io and w i ~ t b a q ,  , I $ @  ; &ay&~ftbr! to Dr. E: GO ~3.i .  
9 a n b m a a r q m n  and *aim, EW P,Qag&: $0' f$T: wsestiifi +$is topic ' fbr s t ~ l f ~  , 

and Smhkaranarayanan, 1972 ; Gopinsthub? an$ also @, tke,. eV?uralJemPnt. Th$y are 
st al.i 1974 ; Nair et al., 1975 ; Pi& ot id.,, tq8nkful$o %-,I?. Vedavyasa W, for . 
1975 ; Madhu Pratap andl Haridas, ST@ t ~%t&@lly  ming $bough the manuscript and 
provide informations on the hydrobiolc@p; ' , impr~uemeptp~ Thaaks aye alsq due., 
and ecology of the Coahin BaoloHat(~r a& tcl,S~& 8. K.: W M + ~  of &his ,bqtitute, wd,,, 
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~nnm ND P~SH ~ @ ' p l v ~ ~  m POL- ~ l t ~  WD PONDS AT 
' CAWCUT SEA SHORE 

' V  'A fish ftinn with polythene fllm lined ponds is doveloped on the sea &re of Calbut for culturing 
fishes and prawns. CommercialIy impoitdprawns like penacus jndCus, Metapeweus dobsoni and 
M. moqoceros and the fishes Chanos C ~ M O S ,  Mwil cephalus, Uza subviridis, Liza parsia, Lutes calcarifer 

. and Megalops cyprbides ware hlkued in*tbde ponds. Suitability of polythene film lined ponds for 
fish and prawn d h u b  is diemsed, ' 

L 

RSHBS AND h\Awm were cultured in various 
ecological environments. Apart from tba can- 
ventimal and traditional fish fanng many con- 
e@&~ like cages, fish enclosures and ftsh pens 
are also developed. Wheeler (1966) and Tabb 
et al. (1969) reared fish and prawns in the poly- 
thhe lined ponds in U.S.A. . :-"-.-" - 

To find out the feasitri1it-y dl wising the 
frrllow sandy sea shore for fish cultwe, experi- 
mats  drem conducted in the @&cut sea shore 
by lining the ponds with polythq film of 
suitable thickness and stsckiq @em w# 
fishes and prams. The polytbew -li&b 
effectively prevents the seepage of water. 

Materials and Methods 
Ponds measuring 0.02 40 0.1 ba. wee made 

in the Calicut sea shore in 0.4 bf,yrw (Rate 
I A-D). The ponds were given 60° slope* 
The black polythene .film of 1;s p $&ickness 
and of width 3.7 to 6.1 mq was W for Wng 
the p d s ,  The film of required fie= 

I 

wde by fuaiag the free ends of the a m  by 
using s- hot. @on over a cellophane paper. 
All the ban$ objects were removed from the 
pond before spading the film. The free 
ends of the film were properly anchored along 
t& border of tke pond in a trench of about 
30 cm wide asB 30 cm deep. Beach! sand 
was spread on the bottom of the pond. This 
layqr of sand prevented the absorption of the 
sq ii@j by thb Mack fi1p and provided subs- 
tra- for the prawns and fishes. 

4- 

W water was pumped by a 3 H.P. diesel 
p n p  kept on the sea shore. Tbe foot valve 
and the distal d of the delivery pipe were 
properly covered with a velon screen net bf 
1 mesh 8iz.e so as to prevent the e-of 
fidherr and prams into the ponds. 

The ponds were stocked with seeds of PenasQ 
Indicta, Metapmaeus dobsoni, M. momeros, 
Chaqas chams, Mugil cephulus, Liza p&yli&&, 
Llza par,@, Utes ccJar$fii ax@,,Me$qlops 










































