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This paper describes a shrimp pen culture pilot activity at KiIIai, Tamil Nadu, India 
under which selected fishermen operated small-sized shrimp pens, applying a 
technology package for Ki!Iai conditions devised earlier during 21 months of 
technical trials by the small-scale fisheries project of the Bay of Bengal Programme 
(BOBP). 

The paper discusses the project’s socio-economic and tecnnical approach, the 
problems faced during implementation, the results, and some recommendations 
for better profitability. 

A BOBP socio-economist and a senior administrative officer of the Tamil Nadu 
Directorate of Fisheries were responsible for the overall planning, implementation 
and monitoring. Technical inputs were provided by a BOBP aquaculture techno­
logist. The field team at the project site consisted of two aquaculture technologists 
(biologists) of the TNDF, while a social worker engaged by BOBP liaised with 
fisherfolk and the technology team. 

This is the third paper on the KiIIai prcject. BOBP/WP/35 discussed the findings 
of 21 months of technical trials during 1982—84, while BOBP/WP/32 discussed a 
techno-economic end social feasibility study of shrimp pen culture, based on field 
surveys in the region conducted late 1983, after the technical trials. 

The BOBP’s small-scale fisheries project is funded by SIDA (Swedish International 
DevelopmentAuthority) and executed by the FAO (Food and Agriculture Organiza­
tion of the United Nations). It seeks to help improve the conditions of marine 
small-scale fisherfolk in member-countries; the immediate object is to develop, 
demonstrate and promote, through pilot activities, technologies and methodologies 
by which such betterment can be attained. The project covers five countries 
bordering the Bay of Bengal — Bangladesh, India, Malaysia, Sri Lanka, and 
Thailand. 

This document is a technical report and has not been officially cleared either by 
the Government concerned or by the FAO. 
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1. BACKGROUND 

In 1980, the Directorate of Fisheries of Tamil Nadu requested BOBP’s assistance in developing 
brackishwater aquaculture in the State in order to: 

—	 better utilize the large stretches of coastal fallows and backwaters 

—	 meet the increasing demand for fish, both nationally and for export 

—	 provide employment opportunities in rural areas. 

BOBP responded and two aquaculture technologists assessed brackishwater areas and low 
lying coastal land. They found that 71,000 ha of brackishwater and low lying land areas had 
potential for aquaculture (BOB!WP/1 8). 

As the next step BOBP sponsored two aquaculture technologists from the Thailand Department 
of Fisheries to explore the possibilities for brackishwater acquaculture in Tamil Nadu (especially 
cultivation of shrimps), keeping in mind that the technology suggested should be appropriate 
for the small-scale sector and secure optimum utilization of locally available resources and 
skills. The mission visited various sites which had potential for aquaculture, and suggested 
that pen culture of P. indicus and P. monodon and Chanos chanos be developed in the backwaters 
of Killai. To them this area appeared ideal for this technology. They also concluded that pen 
culture investment costs would be low enough to encourage fishermen to adopt culture 
fisheries. 

On the basis of shrimp catch statistics, the mission concluded that shrimp juveniles, especially 
P. indicus, would be available in abundance in the backwaters all year round and that a 1hatchery 
was therefore not required. They advised the use of supplementary feed, but the type and source 
of feed were not specified. 

Based on these findings and suggestions, a 20-month project was prepared to test whether 
pen culture could be used as a possible technology for shrimp farming in the state of Tamil Nadu. 

After the project was approved by the Government of Tamil Nadu in May 1982, a suitable 4 ha 
area was selected, a field “office” constructed in the mangrove zone and the first four pens set up. 
Ten months later, in February 1983, two more pens were constructed; and three more in April 
1983. The nine pens were of five different sizes [0.02 ha (1); 0.06 ha (2); 0.1 ha (2); 0.125 
ha (2); 0.5 ha (2)]. 

Different mesh sizes of pen walls, pen layouts, stocking densities, seed sizes and species, 
feeding rates and feed compositions, hydrological factors (water flow, salinity, temperatures) 
and predator control techniques had to be tested. While the project was under way, the imple­
mentors concluded that a 20-month technical trial period was insufficient for conclusive 
technical findings. The shrimp production had ranged from total losses to 1,057 kg per crop per 
ha (BOBP/WP/35). 

Problems faced in the trials were: 

—changing hydrological conditions (salinity and high water temperatures) which influenced 
survival and growth rates; 

—auto stocking of shrimps during the culture period which made the calculation of feeding 
rates difficult and thereby influenced the growth rate of shrimps; 

—	 lack of appropriate feed (animal protein/trash fish) which caused either high production 
costs or low growth rates; 

low feed conversion ratio or loss of feed. 
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To find solutions to these problems, further technical trials were carried out. During the same 
time a study was conducted to assess the economic potential of shrimp pen culture and to find 
out whether fisherfolk around the Killai backwaters are interested and able to take up the new 
technology once its viability has been proven. In addition to the backwater areas suitable for 
pen culture, the quantity of wild seed available during different seasons and the available 
quantity of feed (trash fish, pelleted feed) were to be estimated. 

The studies identified about 600 families in the area who lived mainly on backwater fishing and 
pointed out that only 85 ha of the entire backwaters were suitable for pen culture. It was found 
that P.indicus seeds were available in the backwaters in plenty, though possibly not throughout 
the year and that sufficient feed would be available in the region to supply 85 ha of pen culture. 
It was estimated that the technology would be feasible and that 1 ha units would be profitable. 
It was suggested that banks should be approached to finance a few entrepreneurially-minded 
people to start commercial shrimp farming, and that after they had proven successful the banks 
should extend credit to more entrepreneurs (BOBP/WP/32). 

The results of the study and the data on which the conclusions had been based were critically 
analyzed in a consultation on the social feasibility of coastal aquacuiture organized by BOBP in 
late 1984. (National Swedish Board of Fisheries— Fisheries Development Series No. 16; and 
Bay of Bengal Programme— BOBP/MIS/2, Madras, 1985.) 

It was suggested that fishermen and banks should not be advised to start commercial shrimp 
pen culture until further technical trials demonstrated that its technical feasibility and economic 
viability were ensured. It was recommended that further culture trials be carried out by BOBP 
to determine and demonstrate a suitable technical package and analyze its economic performance 
by using actual costs and earnings data rather than extrapolated or assumed data. 

It was suggested that such demonstration trials be carried out by local fisherlolk in order to 
find out whether they could manage the technology. 

This paper discusses the conduct and execution of demonstration trials, the results and the 
lessons learned from them. 

2. OBJECTIVES AND ORGANIZATIONAL STRUCTURE 

The objectives of the activity were to demonstrate a technically feasible pen culture package, 
identify its economic viability and determine the local fisherfolk’s adaptability to it. 

The activity was initially scheduled for 1 1/2 years, including a four-month preparation phase, 
which started in January 1985. 

The first step was to decide on personnel inputs to implement the activity. As tasks of an economic 
and social nature had to be carried out in addition to technical work, BOBP decided to appoint 
a field team comprising two aquaculture technologists (biologists) and a social worker ex­
perienced in working with fisherfolk. The Tamil Nadu Directorate of Fisheries (TNDF) provided 
the technologists and BOBP the social worker. The responsibility for overall planning, implemen­
tation and monitoring the activity rested with a BOBP socioeconomist and a TNDF senior 
administrative officer. Technical inputs on this level came from a BOBP aqLlaculture technologist 
(biologist). The chart on page 3 illustrates the organizational structure of the project. 

The two field team aquaculture technologists had participated in a previous activity; therefore 
they were familiar with all the technical aspects of shrimp culture. The social worker was 
recruited because of her qualifications in conducting socio-economic field studies of fisherfolk 
and because of her experience in working with fisherwomen. 
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3. FISHERFOLK’S PARTICIPATION IN TECHNOLOGY TRIALS 

During the experimental phase of the project, local fisherfolk had already been involved in the 
culture trials with the purpose of meeting labour requirements. They were paid at the local 
market rate for agricultural labourers (Rs. 10 a day, including food) and treated as labourers. 

At this stage fisherfolk were to be involved for different reasons, namely to determine their level 
of adaptability to aquaculture practices, their ability and interest to manage a pen unit by them­
selves and their specific needs for technical training and management support. 

Fisherfolk therefore were not required to work full time on the project, although they were 
paid monthly wages—the amount based on their earnings from backwater fishing. Their 
labour was needed to help determine whether shrimp pen culture could become a means of 
alternative employment opportunities and possibly improved earnings for KilIai fisherfolk. 

Each family was briefed on the type of work and responsibility to be assumed by the persons 
who were to participate in the culture operations. A special effort was made to encourage 
fisherwornen to apply. However, this did not succeed, as pen culture operations require water-
based work to which women belonging to fishing communities are not accustomed. * 

* There are women in the KiIIai area who go fishing with their men but do not belong to the 
target group according to criteria laid down by the Government. (For further details see 
BOBP/WP/32). 
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After all the house visits were completed by early March, 10 fishermen expressed interest in 
joining the project for a maximum of one year at a wage of Rs. 14 for an eight-hour working 
day. The fishermen to be selected were expected to meet the following criteria. They should be: 

— active backwater fishermen 

— open to new technological and other ideas regarding fishing 

— sincere and accepted as honest by other fisherfolk 

— self-confident and hardworking enough to achieve set targets 

— healthy; not suffering from sickness or disease; sober by habit 

— not overburdened with family responsibility 

— not active in party politics 

— not too old for physical work. 

Other non-essential but desirable attributes taken into account in making the selection were: 

— literacy, and ability to carry out simple calculations 

—should be married, with children 

—should be ambitious, should want to improve the living conditions of self and family. 

After the project field team had selected eight of the 10 applicants, two changed their minds 
and withdrew. They were unable to cope with the pressure from their families and neighbours. 
The two remaining applicants were then selected. Most of the eight fishermen needed strong 
motivational support and encouragement from the project field team in order to cope with their 
new work and duties. The social worker in the field team dealt with this task while theaquaculture 
technologists concentrated on preparing the technical package for the shrimp pen culture trials. 

Initial contact with Killai fisherfolk had revealed that they strongly opposed the introduction 
of aquaculture in the KiIIai backwaters as they feared the loss of their capture fishing areas 
without being offered access to aquaculture technology. These attitudes resulted from their 
earlier experience with aquaculture technology trials in the backwaters since 1980 when the 
Government began to implement a 5 ha shrimp culture pond (see Appendix 2). Soon after (in 
1981), BOBP and the Government took over another 2 ha for the experimental shrimp pen 
culture unit. Though the fishing area the fisherfolk were deprived of constituted only a tiny 
portion of the 1300 ha backwaters, it is located in the immediate vicinity of the fisherfolk’s 
settlement (Killai village) and is accessible to all fishermen, even those who do not possess a 
boat to travel to more distant backwater areas (See Appendix 3, area number 8.) In addition, 
fishermen had developed negative attitudes towards aquaculture technology, both pond and 
pen culture, as nobody had explained to them how they could benefit from the technology 
should the experiments prove successful. What the fisherfolk observed was that costly inputs, 
such as construction materials, shrimp feed and shrimp juveniles were used by the officers to 
produce marketable shrimps. This led to the belief that the technology would not be appropriate 
for them, would deprive them of their fishing grounds and result in competition regarding 
resources as large numbers of post-larvae and juvenile shrimps might be required in future. 
Some fishermen even insisted that their shrimp catches had been reduced owing to the experi­
mental culture operations in an area of 7 ha. This however could not be proved and is unlikely, 
since the overall catches from the backwaters had increased as a result of the reopening of one 
large silted bar mouth in 1983. 

Given this negative attitude towards shrimp culture technology, the task of identifying and 
selecting fisherfolk to participate in pen culture trials and demonstrations was difficult and 
had to be dealt with systematically. The first step taken was to arrange a meeting with a group 
of fishermen and their leaders in which the intention to select eight fishermen was announced. 
The fishermen were asked to air their views and reach a consensus. It proved that most of them 
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had very little information on what had happened so far at the pen culture project site. Pen 
culture and pond culture (the government’s project) meant one and the same thing to them. 
It had never been explained to them what these experiments were about and whether and how 
they could benefit from them. Most of the fisherfolk reported that they had not been allowed 
to fish close to the project sites and therefore felt hostile towards the technology. Some reported 
that those fishermen who had been hired as labourers by the project were not treated right; they 
were regarded as no different from lower caste agricultural daily wage labourers. They felt that 
the working conditions created too much dependency on employers and masters. Most preferred 
to work as capture fishermen and thereby be their own masters. All this explains why the project 
found it difficult to hire fishermen as labourers during the experimental stage. 

Though this first group meeting with fishermen and their leaders did not get rid of their doubts 
about pen culture technology, it helped mitigate their hostility. They appreciated being consulted 
and the project’s effort to arrive at a consensus before going ahead with culture trials and 
demonstrations. After they had been assured that no more than 4 ha would be taken over 
the leaders agreed to make an official announcement in the village that eight persons would be 
chosen to participate in the technology trials. 

As the 30-odd fishermen who attended the meeting did not constitute a representative 
sample of Killai fisherfolk, it was necessary that further contact be established with fisherfolk 
in order to find out whether attitudes towards pen culture depended on varying economic and 
social backgrounds and occupational patterns; also to explain the purpose and scope of shrimp 
pen culture to Killai fisherfolk and to brief them on the type and conditions of work which shrimp 
pen culture would demand. 

Contacts with fisherfolk were established and information on socio-economic and attitude 
patterns obtained by means of house visits. These house visits and interviews were made in 
two of 13 fisherfolk settlements around the Killai backwaters: KiIlai and Muzhukuthurai (for 
locations see Appendix 3). These two settlements were selected as they are located close to 
the pen culture area. In Killai, which accounts for 68 per cent of the total number of fisherfolk 
families (i.e. 600) around the backwaters, all families (209) who earn exclusively from backwater 
fishing were contacted and interviewed. The remaining 200 families were intentionally excluded 
as they are engaged in sea fishing for several months a year and therefore migrate to temporary 
settlements close to the seashore. Because of their migration and occupational pattern, it was 
assumed that their acceptance of aquaculture working conditions would not be as whole­
hearted as that of fisherfolk living in one place. Moreover, it was felt that people fishing 
exclusively in the backwaters and in particular in areas taken over for aquaculture trials, should 
be given preference for participation in pen culture operations, as compensation for the lost 
fishing areas. The same applied to Muzhukuthurai fishing families of which 15 are migrating 
families and 91 are exclusively backwater fishing families. As in Killai all families in the latter 
category were contacted and interviewed. 

After contacting families through house visits, a certain change in people’s attitudes towards 
shrimp pen culture technology could be perceived and a few fishermen began to show interest 
in participating in the technology trials and demonstration. 

The interviews also revealed important information on the fisherfolk’s working and income 
conditions and attitudes. All families, except for the few without a male working member, posses 
their own fishing gear, consisting of either castnets or dragnets or both. A few families also 
own canoes which serve as a means of transport to fishing grounds and as a means to operate 
castnets in deep water (more than 1 .20 m) otherwise not exploitable. Fishermen without canoes 
reported that they fish on an average between three to four hours per day for which they earn 
around Rs. 16, except during the monsoon months (approximately 3 months), when they 
make only around Rs. 8. Thirty-nine per cent of the fishermen contacted reported that their 
average monthly income was below Rs. 250 and 42 per cent estimated it at below Rs. 500. 
Fishermen who possess canoes, either individually or jointly, reported average monthly incomes 
of about Rs. 875. The higher incomes of canoe fishermen when compared to those without 
canoes are attributable to higher fishing effort. Canoe fishermen’s operations are not restricted 
by tidal variations. Moreover, they can fish in shallow as well as in deep water areas as the 
castnets are operated from the canoes and not from the water directly. 
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Therefore, one method of providing better employmant opportunities to backwater fishermen 
might be giving them financial assistance for acquiring canoes. Whether the resources would 
sustain this needs to be investigated further. One also needs to find out whether fishermen 
wish to increase their working hours. Women may favour this idea, as it would improve family 
incomes and as women were found to be working more hours than men. Nearly all families 
had at least one female working member. They either sort and sell the fish caught by the male 
family members to retailers in the local market (which takes about 2-3 hours daily) or process 
and retail the catch. Processors and retailers work daily for about eight hours. An eight-hour 
working day is uncommon among backwater fishermen, even if one includes the time spent 
on making and mending nets* 

By marketing fish produced by male family members, women not only generate a part of the 
family income but also control to a great extent the entire family income since it passes through 
their hands. This has resulted in women having a strong influence on the decisions made in the 
family. Women were more strongly opposed to shrimp pen culture operations than men. This 
can be explained by the fact that the women bore the major responsibility for securing the 
family’s income and thus felt more endangered by aquaculture operations. Women therefore 
were very much behind the protests against aquaculture in their backwaters. 

The house visits proved useful to learn about fisherfolk’s attitudes and the factors determining 
them. As the team also had female field project staff, it provided the opportunity to establish 
good contacts with women and make them understand that the purpose of the activity was not 
to deprive fishing families of employment and income but to ascertain whether shrimp pen 
culture technology could provide more or alternative employment opportunities. 

4. DETERMINING THE TECHNICAL PACKAGE AND CULTURE CYCLE PLAN 

In order to specify a shrimp pen culture technical package, the experimental culture operations, 
carried out from mid-i 982 until end 1984, were reviewed and the aquaculture technologists 
were asked to interpret data recorded. 

Annual culture cycle 

This resulted in the finding that no more than two annual culture cycles with wild seeds would 
be feasible, as post-larvae seeds are available in sufficient quantities only twice a year, during 
the north-east monsoon in December/January and the south-west monsoon in June/July. A 
third annual cycle with wild seeds, as concluded earlier (BOBP/WP/35), would be possible 
only if juveniles (2 g body weight and larger) are collected by castnet. However, this technique 
is questionable not only from the economic standpoint (as enormous effort is required to supply 
large numbers of good-quality uninjured juveniles within the short stocking period) but also 
from the standpoint of resource exploitation. 

The following technical package was worked out fora one hectare pen unit: 

1. Hydrological requirements 

(a)	 Water depths : Minimum of 0.30 m

Maximum of 0.80 m

during low tide 

(b)	 Salinity : Minimum 10 ppt

Maximum 35 ppt


* As 38 per cent of the 300 families contacted owned small plots of agricultural land, some men 

also spent time on arranging for labourers to cultivate the land and harvest the crops (generally 
paddy) for which they paid either a paddy share or Rs. 1 0 plus food per day. Neither they nor 
their wives directly engaged in agricultural work. 
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2. Pen construction specifications 

(a) Location : Preferably shore based for 
effective pest control, 
harvest, safeguarding 

(b) Pen size : One pen 0.5 ha with a 
separation wall 

(c) Layout : 30 mx 85 m culture area x 2 
30 m x 105 m waterspread 
area x2, if shore based 

(d) Height of pen walls : 3 metres 

(e) Pen wall material — Casuarina trees of 3.50 m 

length and 4.5 cm dia at bottom 

—10 mm mesh size knotless nylon (for 
details see drawing) 

—25 mm mesh HDPE for reinforcement 
of bottom portions of pen wall. 

3. Happas 

(a) Layout : 10m x 4m x 1.5m 

(b) Numbers required : 8 happas per 0.5 ha pen unit 

(c) Material : HDPE 16P 

4. Production details 

(a) Pen preparation : Pre-stocking pest removal by trammel 
net, dragnet, castnet and hook and line 

(b) Culture cycle : Two crops per annum (for details see 
Appendix 4) 

(c) Source of seeds and species : Killai backwaters, P. indicus 
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(d) Seed collection gear	 Pushnets 

(e)	 Stocking density and size 36,000 P. indicus per ha of

2 g body weight


(f) Feeding rate	 Nursery stage 
1st and 2nd week: 100% 
3rd and 4th week: 50% 
of body weight 
Culture Stage 
10% of body weight 

(g)	 Feed type and source Pelletized feed,

produced at project site;

trash fish purchased from 
nearby trawler landing centre 

(h) Feed composition	 40% squid offal 

35% deoiled rice bran 
10% groundnut oil cake 
10% tapioca flour 

5% water 

(i) Feeding technique	 Distributed by hand on the 
water surface during dawn 

and dusk hours 

(j)	 Growth control Measuring and weighing a

0.5% sample of shrimps

every fortnight


(k) Survival/auto-stocking control	 Every week 40 castnet hauls during dawn 

(I) Salinity control	 On days of unexpected rainfall in early 
October 

(m)	 Pest control Daily operation of hook and line, daily 
pen wall check 

5. Harvesting details 

(a)	 Time of harvest : During night or early

morning hours


(b) Harvesting techniques :	 Dragnet with double wall (trammel net) 
operated by two persons and castnets, 
handpicking along pen walls 

(c)	 Handling of product : Stored on ice until sorted, graded, counted 
and sold to trader 

This package was to be tried out in a 4 ha culture area with 1 6 pens of 0.25 ha each. (The lay­
out of the pens is given in Appendix 2 and their location in Appendix 3). The criterion for 
selecting pen location was easy access to a fairly flood proof area in the mangrove zone of the 
backwaters. On the basis of hydrological conditions, several other locations could have been 
chosen (see Appendix 3), but they were found unsuitable for various reasons from the manage­
ment standpoint (for example, safeguarding, preparation and storage of feed close to the pen 
site). 

Therefore the pen site formed part of the same complex used earlier during the experimental 
stage of the project. However, the pens were not built exactly on the same spot; in that event 
one could have ruled out the possibility of disturbed bottom fauna, a possible outcome of two 
years of culture experiments. 
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Glimpses into the Killai project


The shrimp pens at K/I/al — an overview (above) 

The eight fishermen selected to operate 16 pens, each of .25 ha area. 



Harvesting of cultured shrimp by castnet. 

The fishermen-cum-pen culturists with their transport boat, a canoe. 



Stitching of nets for the pen 
wall (above) and mending of 
nets (alongside). 



5. IMPLEMENTATION OF THE ACTIVITY 

Pen Construction 

The project field team had to ensure that shrimp culture technology and the culture plan were 
explained to the eight fishermen and that they would be thoroughly trained in all aspects of the 
technology including construction of pens and installation of happas (nursery cages). Fishermen 
were instructed on seaming pen walls by hand (ready made pen wall material is not available 
in the market), trimming of casuarina wood poles, erecting pens, fabricating gear for pest 
control and seed collection, pen pest removal techniques and installation of happas. 

It was observed that the fishermen were a little reluctant to carry out work like trimming wooden 
poles, a task they considered not fit for a fisherman — but none of them refused it; they merely 
took time to complete it and often expressed the opinion that it was very tedious work. Some 
fishermen were found to be less skilled than others in manufacturing fishing gear — indicating 
that they were not used to making and mending gear regularly for their own use in the backwaters. 

Seed Collection 

The construction of pens, happas and fishing gear took a little longer than initially assumed, 
as fishermen had to familiarize themselves with the work and the longer working days (fixed from 
8 am to 5 pm with a one-hour lunch break). 

Certain administrative problems also discouraged fishermen and the field team from accelerating 
construction work. Hurdles placed within government circles prevented adequate information 
flow from middle-level to higher-leve! officers who were to officially approve of the project’s 
continuation. This led to uncertainty in the minds of the two field team aquaculturists on 
whether to go ahead with pen construction without a written order from their supervising 
officers. Only after the government had sent its official approval (in June, three months after 
the start of the project) did the work progress with greater enthusiasm. 

Only six pens could be constructed instead of the eight planned for the first crop. The remaining 
two pens were completed later, after the first crop was harvested and fishermen had sufficient 
time available. The initial plan to construct a second unit of eight pens (thereby totalling 16) 
for the second crop had to be revised mainly because of shortage of low-cost feed. The feed 
problem will be discussed later in greater detail. 

The construction work was followed by collection of seeds from the backwaters. This work 
commenced early June, when the south-west monsoon had not yet set in and consequently 
no post-larvae shrimps were found. Therefore the field team decided to collect juvenile shrimps 
by castnet to ensure that sufficient seeds would be obtained to stock all pens. They also felt 
that production costs would be reduced as juvenile shrimps could be stocked directly into 
grow-out pens, thereby saving nursing costs. However, the effort expended on juvenile shrimp 
collection was rather high; so was the mortality rate. On an average, 1 50 shrimps with a weight 
between 2 g  and 5 g  were collected per man-day. 

By late June, post-larvae shrimps appeared in the backwaters and fishermen were instructed 
and trained to collect, sort and count these. Though they were entirely unskilled in this work, 
particularly in identifying different shrimp species, it was possible for a person to collect 500 
post-larvae shrimps per day. The effort spent on collecting juveniles is considerably higher, 
and although using juvenile shrimps instead of post-larvae would help reduce feed and equip­
ment costs, these cost reductions are nullified by the increased cost of catching them (See 
Section 6.1). Therefore it would be of no real economic advantage to collect juvenile shrimps 
for stocking unless feed prices increase. This was explained to the fishermen. As the financial 
risk factor is higher in the case of nursing post-larvae shrimps, the fishermen said that if the 
choice was left to them they would certainly opt for collecting juveniles for stocking. They were 
also of the opinion that by doing so they would not increase the pressure on shrimp resources 
since juvenileshrimps had always been captured by Killai castnet fishermen. 
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The fishermen were then trained in maintaining happas and nursing post-larvae seeds. This 
included growth control, feed preparation and feeding. The nursing period was about four to 
six weeks for the “winter” crop (mid-July to mid-October) and four to eleven weeks for the 
“summer” crop (mid-February to mid-May), depending on the size of post-larvae, water 
temperatures, salinity fluctuations and type of feed (shrimp heads, pelletized feed). The factors 
that influenced the growth of seeds wereexplained to the fishermen. 

Feed Production and Procurement 

They were also instructed in production of pelletized feed. This was started immediately after 
the pen construction work was completed. The field team employed an extra person (a fisherman) 
to collect trash fish every day from a nearby trawler landing centre. The trash fish purchaser 
was hired by the project and provided with a motorized canoe to make the two-hour journey 
to the landing centre. The vegetable ingredients required for pelletized feed production were 
purchased in bulk by the project team and transported by the project car to the pen farm site. 
The equipment for pellet production — a motorized mincer, pans, plastic containers, ladles and 
knives—were also provided by the project. The fishermen were thoroughly instructed in 
production techniques, including mixing of ingredients, forming pellets with the mincing 
machine, drying pellets in the sun and storing them adequately. The feed composition and the 
importance of each component for the growth of shrimps were explained to the fishermen. 

Production of pelletized feed had never been tried out during the experimental phase of the 
project; using this feed now for culturing shrimps entailed some risks. Since enough trash fish 
was not available throughout the culture period, feed had to be stored in pellet form in gunny 
bags for use when trash fish supply was insufficient. The fishermen were instructed and super­
vised thoroughly on how to measure pellet ingredients to ensure correct composition. They (and 
the field staff) learned that pellets needed to be properly dried in the sun before they were packed. 
Moreover, it was found that if pellets are to be stored over several weeks they should not be 
kept in gunny bags; fungus grows on the pellets. The problem was overcome by replacing gunny 
bags with polyethylene bags. 

Feed requirements for the first winter crop could be met without much difficulty by using shrimp 
heads for nursing and wet trash fish as animal protein feed component for the grow-out phase. 
The plan to produce a stock of pelletized feed for the second summer crop and for the third 
winter crop could not be implemented. Annual fluctuations in trash fish landings and seasonal 
shortage of wet trash fish during the monsoon months were two reasons. But the main reason 
was the inadequate organization of trash fish supply to the project. With time the trash fish 
procurer’s work performance went down. He misused some of the money given to him for 
feed procurement and began to buy the trash fish on credit; consequently, trash fish traders at 
the trawler centre refused to sell to him. 

There is a great demand for trash fish and shrimp heads; many small processors and a few 
trash fish merchants compete with each other. It was felt that the best way of ensuring regular 
supply of trash fish would have been to place orders with an established merchant. It was found 
that no merchant deals in wet trash fish; all of them deal only with dried trash fish. Using dried 
fish ingredients for pellet production, however, required processing equipment which had to 
be acquired and tried out. This could not be arranged within a short period of time; it needed 
various inputs which would also increase thecost of pellets. 

As production of pelletized feed was started by a Madras-based private company around this 
time, the project decided to tap this source. This pelletized feed was used in addition to wet 
trash fish. Procurement and delivery of the pelletized feed was arranged by BOBP’s Madras 
office as the manufacturer had no sales outlets. The pelletized feed was used in spite of its 
extremely high cost (80 per cent higher than pellets produced by fishermen with the same 
conversion ratio), since there was no alternative source. 

The technical and economic constraints relating to feed were explained to the fishermen. They 
were fully aware of the feed cost and quality and also understood that shrimp culture would 
result in financial losses if dependent on high-priced pelletized feed. 
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Safeguarding 

Stocking of shrimps comprised transfer of seeds, which had been raised to 2 g body weighty 
from happas to grow-out cages. Fishermen learned to carefully handle and count the seeds to 
prevent mortality and ensure an adequate stocking density. 

During the course of the first and second culture, the fishermen also got to realize how sensitive 
shrimp culture is and what careful attention and safeguarding it requires. One pen was found 
almost empty just after it had been stocked, as the pen wall bottom had not been properly fixed 
in theground. Though it was restocked, the production was very low. 

They also found that the farm must be carefully guarded. Just before stocking, fishermen found 
thousands of seeds dead in the happas. Samples of dead and live shrimps, a dead crab, left-over 
feed, soil and water were chemically analyzed; it was discovered that the shrimps had been 
poisoned by pesticides. It was concluded that the pesticides had been mixed with the feed and 
that such a plan could only have been carried out with the technical advice of non-fishermen 
who evidently did not have enough knowledge to effectively poison shrimps. The fishermen 
and two members of the field team tried to initiate a police investigation but without success. 
Fishermen consequently learned that in future they themselves had to carefully watch the feed. 
and prevent untrustworthy persons from access to feed preparation. 

Harvesting 

The first crop was harvested about 90 days after stocking. Fishermen were given instructions, 
prior to the start of the harvesting, on harvesting techniques, sorting and selling of the product. 
Members of the field team prepared to sell the shrimps. Several intermediate traders (mainly 
women) from Killai and merchants who sell directly to shrimp processing plants were informed. 
They appeared at the project site on the first day of the harvest. The shrimps were auctioned 
after grading and counting. Good prices were obtained for the product as there was heavy 
competition among different merchants and the shrimps were offered for sale by count rather 
than by eye measure. The wives and mothers of the eight fishermen were asked by the field 
team to help in sorting, grading and counting since they possessed the necessary skills. While 
the eight fishermen carried out the harvesting, the women had already begun to sort the shrimps. 
This way the product (each 0.25 ha pen took about six mornings to be harvested) could be 
sold within a few hours in an extremely fresh condition when compared with trawler-harvested 
shrimps. 

For the crops harvested thereafter, it was not possible to keep up the price level as the merchants 
colluded to drive prices down. To take the shrimps to the freezing plant 40 km away was not 
practical as the quantity that could be harvested and sorted in a day was too low. On an average 
about 30 kg of shrimp was harvested and sorted by 10 persons in about four hours. Cast and 
dragnets were used as harvesting gear in addition to handpicking of shrimps from pen walls. 
The fishermen were insufficiently skilled in handpicking — which they considered to be the 
work of people of a lower caste (Veddars). The field team therefore hired these skilled labourers 
for handpicking shrimp. Except for safeguarding the pen site at night, hand-harvesting of 
shrimp was the only job for which labour had to be hired. All other work was undertaken by 
the fishermen themselves. 

Training of Fishermen 

By the end of October 1985, the eight fishermen were trained on the job in all aspects of shrimp 
pen culture. It was felt necessary to provide them with some theoretical back-up training in 
addition to the practical work. This included certain technical and biological aspects related 
to culturing shrimp as well as to economic aspects, including costs of pen technology. This 
theoretical training was conducted by the field team without any inputs from a training specialist. 
Its impact is difficult to measure. The trainees however were of the opinion that the training. 
which was conducted over a three-week period for about two hours daily, helped them to 
refresh knowledge gained during their previous seven-month work with the project field team. 
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Trials with hatchery-bred P. monodon 

Although not planned at the beginning of the pen culture trials, it was decided at the end of 
the first crop in October 1 985 to culture hatchery-bred P. monodon on a trial basis in one pen in 
order to find out whether the returns could be increased. It was planned to demonstrate (in 1986) 
the culture of three annual crops by using hatchery-bred seeds (see Appendix 4). 

The post-larvae seeds (11 days old) were obtained from a private hatchery near Madras and 
transported by car in oxygen-filled polyethylene bags to the project site. The seeds were nursed in 
happas but as the survival rate proved to be extremely low, it was decided to nurse the next 
batch in a nearby government-operated earthen pond. Extremely heavy monsoon rains and 
management problems prevented the timely preparation of nursery ponds for P.monodon nursing, 
so the plan was abandoned. 

6. RESULTS AND DISCUSSION 

The field team kept detailed records on the technical aspects of shrimp production in field 
note books and transferred the records into a specifically prepared form (See Appendix 5a). In 
addition to technical records, all investment and operating costs actually incurred were 
recorded in field note books. Detailed data was also recorded on harvesting and sales results 
(See Appendix 5b). 

Information on fishermen’s attitudes and the acceptance of new working and income patterns 
obtained by observing and talking with them was recorded in monthly reports prepared by the 
field team. 

The recorded data and information formed the basis for the economic analysis of the shrimp 
pen culture package. They also enabled conclusions to be drawn with regard to fishermen’s 
adaptability to pen culture. 

6.1 Yield, seed and feed 

The shrimp pen culture trials have shown that it is technically feasible to culture two shrimp 
crops annually with wild seeds. The trials confirmed the findings from previous culture trials 
(see BOBP/WP/35) that P. monodon seeds are rarely to be found in the backwaters and that 
P. indicus post-larvae are available in plenty. As assumed, P. indicus was found to appear twice 
a year, and its appearance proved to be linked with the two annual monsoon rains in June/July 
(summer monsoon) and in November/December (winter monsoon). Juveniles proved to be 
available in larger quantities around the time of the winter monsoon, which is much heavier 
than the summer monsoon. Consequently the effort spent on seed collection differed from 
the summer to winter crop. On an average a fisherman collected 500 post-larvae per day (4-5 
hours). Skilled persons were able to collect up to 1500 per day in winter. 

Collection of juvenile shrimps (above 2 g)  required a much greater effort than collection of 
post-larvae shrimps. Though the use of collected juvenile shrimps for pen culture would reduce 
feed (nursing) costs, it would raise seed costs. These extra costs cancel out the costs saved on 
nursing. If, for example, pen culture were to be carried out in a 10 ha area, 190 persons would 
be needed for a fortnight to collect the required juveniles for one crop.’ This is not a practical 
solution and shrimp pen culture will therefore have to rely on collection of post-larvae seeds 
and on nursing of the seeds until they have reached the juvenile stage. Collection of post-larvae 
seeds is much less labour intensive than juvenile collection.’ A 10 ha pen area would require 

‘10 ha: 400,000 juvenile seeds/crop required within two weeks. 
Average collection per person/day: 150. 
Persons to be engaged in seed collection: 1 90. 
2 10 ha: 500,000 post-larvae seeds/crop required within two weeks. 
Average collection per person/day: 500 (could possibly be increased). 
Persons to be engaged in seed collection: 71. 
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and 635 kg respectively. Pens 7 and 8 were omitted for comparative purposes, since 
they were not included in the 1985 summer crop. Individual pen results are presented in 
Appendices 6a and 6b. 

If average price is taken as an indicator of size, it is clear that the 1986 winter crop produced 
significantly smaller shrimp (24 Rs/kg vs 30 Rs/kg) than the 1985 summer crop. 

While there seems to be no difference in production between the two crops, it is presumed that 
the smaller shrimp harvested in 1986 were the result of very heavy autostocking of P. iridicus. 

The foregoing discussion indicates that shrimp pen culture technology still faces problems 
of a technical nature which are crucial for its economic viability. 

6.2 Costs and Earnings 

The costs-and-earnings analysis of shrimp pen culture (which is based on earnings from two 
crops in a 1 .5 and 2 ha area respectively and actual investment and operating costs) shows 
that the demonstrated technical package was not economically viable. The annual loss is 
calculated at Rs. 4367.’ The annual costs are estimated at Rs. 36,279 while the actual gross 
earnings in 1985/86 were only Rs. 31,912. (See Appendix 7 for details.) 

The investment costs worked out to be higher than initially assumed. The calculation is based 
on actual costs incurred in a one hectare pen farm consisting of four 0.25 ha pens. The investment 
costs include costs for pens, happas, seed collection gear, pest removal and harvesting gear, 
feed procurement and processing gear — the total of which amounts to Rs. 36,629. It is unlikely 
that these costs can be reduced by increasing the scale of operation from one hectare to a 
larger unit unless the technical package is modified. 

One method of reducing investment costs might be to use cheaper pen wall material—for 
example HDPE instead of nylon. However, the required small mesh HDPE material is not yet 
available in the market as there is insufficient demand for it. If the HDPE material could be 
supplied in future it is believed that pen wall costs could be reduced by about 50 per cent. 

This would reduce the total annual costs from Rs. 36,279 to Rs. 33,549 and the annual loss 
by Rs. 2,730 from Rs. 4367 to Rs. 1637. 

If the life span of all investment materials (except casuarina poles) is taken to be as long as 
four years instead of three years the annual loss will be reduced by Rs. 2,788 to Rs. 1,579. 

The economic viability of shrimp pen culture is very sensitive with regard to feed. Feed costs 
depend on both production costs and feed conversion efficiency. The poor rate of 7 :1 in­
dicates that further work is required on this problem, especially considering that quality com­
mercial feed achieves rates of 2 to 2.5: 1. Should it not be possible to obtain commercially 
produced pelletized feed at a lower price than 4.5 Rs/kg the annual culture costs will increase 
considerably and thereby raise the annual loss from Rs. 4,367 to Rs. 9,160. Therefore the feed 
price factor has to be carefully considered in connection with future efforts to improve the 
growth of shrimp. 

It might be possible to reach a breakeven point by improving the predator control system during 
the winter crop by which the problem of overstocking could be overcome, so that the growth of 
shrimp would be improved, a higher market value realized and the gross earnings increased. 
Assuming thai the gross earnings from the winter crop would be as high as those from the 
summer crop, the total gross earnings would increase by 20% and make shrimp pen culture 
viable. The net result would be improved by Rs. 6,382, turning the annual loss into a small 
profit of Rs. 2,015. 

The sensitivity of the economics to various variables is illustrated in Appendix 8. Let us assume 
that it will not be possible to obtain feed at a lower price than 4.5 Rs/kg but possible to reduce 
the pen wall cost by 10%. A break-even operation could then be attained if the gross earnings 
were increased by a little less than 20%. 

‘One US $ was about Rs. 12.25. 
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6.3 Social acceptability 
By involving fishermen in the demonstration of the pen culture technology package, the project 
has obtained valuable information on the adaptability of backwater fisherfolk to pen culture. It 
was found that the fishermen’s initial hesitation about taking part in pen culture operations was 
due to the following factors: 

—	 lack of information on the new technology and its scope 

—lack of trust in officers with regard to conditions of work and pay—fear of giving up their 
independent working patterns 

—	 pressure from the community and its leaders not to depart from traditional socio-economic 
patterns. 

Contact with fisherfolk through house visits and information about the new technology 
enabled them to slowly come forward to try out new and unknown work. The initial belief that 
fisherwomen (fish traders) too could be motivated to take part in pen culture work did not hold 
in spite of special efforts made by the female member of the project field team. Women could 
not get used to the idea of carrying out work which is water-based as by tradition they do not 
engage in fishing. 

During the course of the pen culture operations it was observed that not all eight participating 
fishermen responded in the same way to the new tasks. Some showed keen interest in technical 
and management aspects. They raised questions regarding plans for shrimp culture extension 
in the KiIlai backwaters and wanted to know what kind of financial and technical support the 
Government would provide for fishermen. These fishermen said they joined the project with the 
expectation that they would acquire skills in shrimp pen culture and be selected by the Govern­
ment as beneficiaries for pen culture once the demonstration project was completed. They 
were confident that the Government would promote shrimp pen culture by providing subsidies 
for them, no matter what the results were regarding its economic viability. They therefore 
considered themselves as pen “workers” for a limited period, bearing in mind that this was a 
necessary phase; they could later become independent shrimp pen farmers and hire other 
fishermen and Veddars for tasks they did not like to perform themselves (tasks such as construc­
tion of pens, production of feed, handpicking shrimps and safeguarding pens at night). These 
fishermen were confident of managing a small (one hectare) pen farm themselves, provided 
the Government would ensure that other fisherfolk did not prevent them from culturing shrimps. 
They expected the Government to ensure protection for their pens and see that the backwaters 
could be utilized for pen culture without disturbance from other fishermen. They seemed to feel 
strong enough to cope with the eventual sanctions from their community, which would see 
them as outsiders who had utilized economic options which did not exist for everyone. This 
group of four fishermen was economically better off than the others, and had a better 
school education. They owned a small plot of agricultural land (paddy) which they had leased 
to share croppers and which secured them a great part of their families’ basic food requirements. 
They owned more fishing assets than others — one of them had a canoe and two possessed 
marine fishing gear. They therefore did not depend solely on the wages earned from pen culture. 

The remaining four fishermen who were less educated, one of them illiterate and without any 
income other than from castnet and occasional dragnet fishing, had different expectations 
of shrimp culture operations. They joined the project to earn a regular and secure income. They 
were more concerned about ensuring this income than about acquiring pen culture skills. 
Becoming independent pen farmers some day seemed to be beyond their imagination. They 
seemed to be satisfied with doing what they were asked to do. They displayed less initiative 
than the others, who occasionally tried to order them about. This group learnt less during the 
theoretical training — due both to lack of interest and lack of ability to grasp certain matters 
as quickly as the others. Therefore they require intensive motivational support and technical 
guidance if included inthe target group in theevent of extension of shrimp pen culture technology. 
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7. CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE ACTION 

During the one-year shrimp pen culture demonstration it was found that local backwater fisher­
men show sufficient occupational mobility to engage in aquaculture. Depending on their 
socio-economic status, fishermen adapted themselves to physical pen culture work or to 
management tasks. Not every backwater fisherman will be in a position to adopt the new 
technology without close technical and management guidance. This has to be thoroughly 
considered when selecting beneficiaries and preparing shrimp pen culture extension plans in 
future. 

As the shrimp pen culture demonstrations were carried out in a backwater area located relatively 
close to the fisherfolk’s settlements, and as the fishermen participating in the demonstrations 
were not asked to live at the pen farm site for safeguarding it, it would be hypothetical to 
conclude that backwater fishermen are likely to show the geographical mobility required for 
pen culture operation. Such geographical mobility on the part of fishermen and their families 
is necessary if shrimp pen culture is going to be extended on a small-scale operational basis, 
since most of the potential water areas are located some distance from present settlements, and 
pen culture requires continuous safeguarding of pens day and night. Fishermen and their families 
therefore have to be prepared to settle in new areas if they decide to turn from backwater capture 
fisheries to pen culture. Settlements need to be established in mangrove areas and close to the 
seashore, depending on the location of the pen farm (see Appendix 3). These areas do not 
have any infrastructure and are not easily accessible. Housing, drinking water, and transport of 
people, farm equipment and products are problems to be considered. Female family members 
who earn from fish marketing would have to find alternative employment, as they would be 
cut off from access to fish as well as from market outlets. 

Although these considerations point to the conclusion that fisherfolk will not leave their present 
settlements, there is reason to believe that they may be prepared to move to new areas in the 
backwaters. There are for example fishing families that have migrated from the main village 
(Killai) to areas on the seashore where men have taken up fishing in the immediate inshore 
waters and women have continued to process and market fish. In other words, there are fisher­
folk who are both occupationally and geographically mobile. Therefore mobility will be deter­
mined to a great extent by the options that pen culture offers with respect to incomes. Fisherfolk 
will not switch to pen culture unless it offers a little higher or at least the same level of income 
as capture fisheries. The demonstrated shrimp pen culture package however was not sufficiently 
viable to offer fisherfolk incomes comparable with their present ones. 

Unless further technical improvements of shrimp pen culture can be achieved, the technology 
cannot be considered an economically viable option for fishermen. It would require heavy 
subsidies on investment and operating costs. Should the Government consider promoting 
shrimp pen culture in spite of its techno-economic problems, it might face opposition from 
fisherfolk. This is because subsidies can benefit only a few fishermen, thus provoking unrest 
among the others. Even strong politically oriented village leaders who are usually chosen to 
select beneficiaries have faced the problem of ensuring that subsidized technology can be 
smoothly utilized by the beneficiaries. Fishermen who have not benefited from the subsidies 
often find ways and means to sabotage a project — an easy job in the case of pen culture. 

While the results of pen culture trials at Killai indicate that shrimp production may annually 
exceed one ton per hectare, it is clear that the product value is too low to generate sufficient 
revenue to provide a reasonable return on investment. This low value is due to the small size 
shrimp, mainly P. indicus and the various species of Metapenaeus. Poor growth seems to be an 
inherent characteristic of P. indicus whether cultured in ponds or pens. Although initial growth 
is very rapid in this species, upon reaching 10 to 12 grams, the rate slows to such an extent 
that it is uneconomical to maintain a culture operation beyond that point. 
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While the choice of P. indicus was based on the local availability of post-larvae and juveniles, 
only P. monodon has the necessary growth potential to produce a large enough shrimp within 
the time constraints encountered at Killai. With the advent of hatcheries, it becomes technically 
possible to rear this species in pens. Alternatively, the transport of wild fry from Andhra Pradesh 
and Orissa could be arranged. By proper feeding, the yield of P. monodon should reach levels 
experienced in pond culture, making the culture economically viable. Future trials should 
concentrate on hatchery-bred P. monodon and improved feed. 

It is also recommended that a suitable fish be cultured in the pens to maximize the use of the 
enclosed water volume. Etrop/us suratensis appears to have the appropriate characteristics as it 
is euryhaline and feeds predominantly on filamentous algae. They are presently harvested from 
the pens as autoentrants and their size, sometimes 500 g, indicates they survive episodes of low 
salinity. Bottom or detritus feeders such as Chanos chanos or mullets would not be suitable as 
they reduce the yield of shrimp. In Kerala, E. suratensis (pearl spot) fetches a very high price. 
Future pen culture trials at Killai should include controlled stocking of this species. 
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