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The shrimp culture industry of Bangladesh depends on catches of the wild fry of tiger shrimp.
Employment as fry-catchers has been generated for thousands of rural poor. But the marketing
system s not well developed and high fry mortality occurs dueto poor handling. Thegrowing
freshwater prawn farming sector, however, continues to demand increasing quantities of large
juveniles.

Thisreport, based on field trials from 1990to 1993, describesthe results of cage nursery culture
trials with both tiger shrmip (Penaeus monodon) and giant freshwater prawn (Macrobrachium
rosenbergii) fry. It was thought that fry-catchers would be able to increase their earnings
through sales of nursed post-larvae and juveniles. The survival of nursed post-larvae in the
distributionsystem would alsobe increased. However, it is unlikely that tiger shrimp fry nursing
can be made profitable. On the other hand, cage culture of acombination of hatchery-reared
post-larvae and wild-caught fry of the freshwater prawn would be profitable.

An NGO played an important role in the subproject by implementing technical trias and
organizing and supporting participating fisherfolk groups.

The Bay of Benga Programme (BOBP) is amultiagency regiona fisheries programmewhich
coversseven countriesaround the Bay of Bengal — Bangladesh, India, Indonesia, Malaysia,
Maldives, Shri Lankaand Thailand. The programme plays a catalytic and consultative role:
it develops, demonstrates and promotes new technologies, methodologies and ideas to help
improvethe conditionsof small-scale fisherfolk communities in member countries. The BOBP
is sponsored by the governments of Denmark, Sweden and the United Kingdom, and also
by UNDP (United Nations Development Programme). The main executing agency isthe FAO
(Food and Agriculture Organization of the United Nations).

This document is a technical working paper and has not been cleared by the Government
concerned or the FAOQ.
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Published by the Bay of Bengal Programme, 91 St. Mary’sRoad, Abhiramapurarn, Madras 600 018,
India. Typeset and printed for the BOBP by Nagaraj & Co., Madras 600 041.
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1. INTRODUCTION

Asia is the principal producer of cultured penaeid shrimp, accounting for 81 per cent of the total
world production of about 600,000t. Thailand is the largest exporter, at 150,000tin 1992, followed
by China, Indonesia, India, Viet Nam, Taiwan, the Philippines and Bangladesh (see table below).

Asian penaeid shrimp culture production, 1992

Heads-on production Areain production Productivity
(ha) (kg/ha) No. offarms

%) ®
Thailand 254 150000 60,000 2,500 14,000
China 27 140,000 150,000 933 3,000
Indonesia 220 130,000 200,000 650 15,000
India 76 45,000 70,000 643 1,500
Viet Nam 59 35,000 200,000 175 1,000
Taiwan 51 30,000 5,000 6,000 2,500
Philippines 42 25,000 40,000 625 3,000
Bangladesh 42 25,000 120,000 208 6,000
Maaysia 0.6 3,500 2,500 1,400 350
Japan 05 3,000 400 7,500 150
Others 08 5,000 8,300 602 40

1000 591,500 856,200 46,940

Source: Rosenberty, 1992

The tiger shrimp (Penaeus monodon) dominates Asian shrimp culture production because of its
fast growth and adaptability to the pond environment and artificial feed. Culture technology has
developed rapidly over the past decade-and-a-half and, inthose countries with open economies,
shrimp culture production has expanded at a tremendous rate. For example, Thailand's output
of tiger shrimp went from 110 tin 1985 to 150,000 tin 1992. Indonesian production hasgrown
similarly, from 12,000 t in 1985 to 130,000 t in 1992 (Rosenberry, 1992).

Although about 108,000 ha are devotedto shrimp culture in Bangladesh, the yield is only of the
order 200 kg/ha (Anon 1993). The culture is mainly ‘extensive’, which accounts for the low
productivity. There are many reasons for this situation:

—  Government land policy;
—  Shortage of investment funds;
— Antiquated investment policies; and

—  Poor access to modern technology.

Intensification of culturein existing farms and construction of many new farms are increasing the
demand for post-larvae (PL). But the hatchery industry isdtill in its infancy in Bangladesh. This
means the pressure on natural sourceswill grow dramatically in the next few years. Shortages are
already occurring, as evidenced by rising prices. A significant amount of seed is imported into
Bangladesh from West Bengal, India

Thereis, at the sametime, substantial waste in the seed-collecting and distribution system. High
mortality occurs from the time the tiger shrimp seed is landed till it reaches the farmer. Rgj and
Hall (1993) estimated that mortality al the way up themarket chainis 20-30 per centin West Bengal.
On top of this, thereis the mortality due to the primitive pond and water management practices
of the farmers. Although definitive studies are yet to be made, it islikely that mortality from landing
to harvest is 65 per cent or more.
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Management practices vary widely. Most operations are ‘extensive and have a stocking rate
of 5000-15,000 PL/ha. If the higher rate is taken as maximum, the total demand would be
1.8 hillion PL. As farming intensifies, severe pressure will be put on natural sources. Stocking
densities in semi-intensive farms range from 50,000 to 100,000 PL/ha. Intensive operations may
require 300,000/ha. Very few intensive farms are likely to be established in Bangladesh because
high investment is needed, operatingcosts are substantial and risksdue to diseases areconsiderable.
But even the present demand has not led to hatchery development on alarge scalein Bangladesh.
Such development as there hasbeen, hasbeen very sow and is likely to remain so. Suitable sites
arelargely restricted to the southeast coast, where infrastructureis poorly developed. One commercia
hatchery hasbeen established at Kalitali, Cox’s Bazar, but is not yet in full production. Shrimp
farming will, therefore, continueto depend on wild fry for the foreseeable future. And the shrimp
seed collectors will remain the first and crucial step in the wild fry supply chain.

2. SHRIMP SEED-COLLECTORS Penaeid shrimp culture production
by district in Bangladesh (1990-91)
The concentration of shrimp farming in the Area underculture  Estim ted promotion
country reflects the areawise distribution of DiSflct (ha) )
shrimp fry-collection (see table aongside). Khulna 79,728 15,951
Chittagong and Khulna are the main districts.
The fry-collectors working the sea beach of Chittagong 27,453 3,323
Cox’s Bazarhave become major suppliers to the Jessore 690 138
industry. The shrimp fry-collectors are Patuakhali 326 65
predominantly landless peasants, illiterate and ~ Noakhali 61 7
with few employment alternatives. Women and  Barisal 22 5
children are much involved in seed-collection Total 1,08280 19,489

and, in some areas, are numerically dominant.
Source: Anon., 1993

Catching tiger shrimpfry Cox’s Bazar beach

The Bay of Bengal Programme (BOBP) initiated the first study of shrimp fry-catchersin Satkhira
(Larsson, 1986). This study estimated that there were 25,000 fry-catchersin the SatkhiraDistrict

aone! A follow-up study was conducted by UBINIG, an NGO (Anon, 1987). Sites in the
southwestern (Satkhira/lKhulna) and southeastern (Cox’ s Bazar/Chakaria) regions of the country
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were included. In the UBINIG study, seven villages weresurveyed; threein Cox’s Bazar and four
in the SatkhiralK hulna area. In the Cox’sBazar villages, 75 familieswere interviewed. Seventyone
per cent of them depended on fry-catching, but social conventions restricted the activities of the
women. Although some women were catching fry, most of them sorted the fry. Such work is very
laborious, but is an essential part of fry-catching.

Only 30 families could be interviewed in Satkhira/Khulna. The study revealed that shrimp fry-
collection wasthe major occupation in the area. Women were much moreinvolved in actua fry-
collection here, thanin Cox’s Bazar, because of differences in social convention. Female-headed
households were common in the area. Polygamy is widespread and, usualy, the first wife is
abandoned. These women depend solely on fry-catching as their source of income.

Other aspectsof the study revealed thehigh rate of illiteracy, especially among women. As would
be expected, basic sanitary, educational and service amenities are also lacking.

3. TECHNOLOGICAL ALTERNATIVES

Coastal aguaculture in Bangladesh has become synonymous with shrimp culture. Unlikein some
of the Southeast Asian countries, the commercia development of speciesother thantiger shrimp
is nonexistent. Domestic markets for molluscs are extremely limited and are insufficient stimuli
for investor interest.

What, then, were the alternatives available to BOBFP's target group, the fisherfolk? As previous
studiesindicated, fry-catchersare animportant link in the shrimp culture industry. Yet they are,
landless, have very low incomes and extremely limited access to land resources. This economic and
social condition effectively eliminates them from involvement inthe grow-out sideof shrimp farming.

Technical and market factors ledto the selection of shrimp fry nursing as asuitable economicactivity
for fry-collectors. Such nurseries are widespread in the Philippines and Indonesia. Considerable
experience has beenamassed in their operation. Nurseries offer several benefits when incorporated
into farming systems:

Sufficient quantities of fry can be
accumulated at one site to reduce
marketing costs.

— Survivdl in the grow-out system is
increased, because nursed PL are larger
and stronger.

—  Mortality of weak PL is also absorbed in
the nursery.

—  Where hatcheries exist, early PL can be
held in nurseries, resulting in faster
turnover for both the hatchery and
nursery operators.

Nurseries may be land-based, in ponds, or
floating cages may be used. The latter is more
applicable to BOBP's target group.

The basic cage design has been described by
Nielsen and Hall (1993) as follows: it consists of
aframe of four narrow bamboo platforms. The
sides are 0.45 x 6.00 m and the end pieces
0.45 x 3.00 m. These are tied together by rope
to form a rectangular frame with inside
dimensions of 2 x 5 m. Four to six 100-litre
plastic barrels are attached under the raft as
floats (see picture alongside). Two nylonhappas ~ Assembling nursery cage frames, Mognamapara.

(net cages) of 1 mm mesh size measuring2 X 1 x. 1 m and onehappa of 2 mm mesh size with
dimensions 3 x 2 x 1 m are hung from inside the frame. Galvanized wire frames are used to
maintain their shape during flood and ebb tides. The design is based on that of De La Pesa

etal. (1985).
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Feed consists of a paste made of low-value
shrimp andfish caught by the fry-catchers. The
pasteis spread on afeedingtray made of plastic
mosquitoscreen sewn to awire frame (seepicture
alongside). The pasteis allowed to sun dry for’
afew hours, after which it is suspended in the
cage. A small tin, holding 200 g, is used to
measure and control the amount of feed.

Stocking rates, being dependent on the
availability of post-larvae, varied widely during
the BOBP field trials. The target was 10,000
PL/cage, but ranged from less than 200 to
somewhat more than the target.

Feeding frame

4. PARTICIPATORY FIELD TRIALS

The Chokaria region is one of the major shrimp culture regions.in Bangladesh. There are about
3400 ha of brackishwater farms and 5600 ha of salt beds which may be aternated with shrimp
culture during the rainy season (Pramanik et al., 1990).

The village of Mognamapara, on the banks of
the Matamuhari River, is centrally located inthe
Chokariashrimpculture area (seeFigure 1). Fry-
catching is an important occupation in thevillage
(Anon., 1987) andfry-catchers have easy access
to buyers.

The tidal channel of the Matamuhari River is
sheltered, with moderate currents. The area
fronting thevillage appeared to beasuitable site
for anchoring nursery cages for the field trials.

Field trials may be implemented either through
existing institutions or by the ultimate
beneficiaries; departments of fisheries and
researchingtitutions areincluded in the former.
But there are severa advantages to the latter
approach:

_ The fisherfolk are exposed to new ideas,

_  They learn the techniques.of organizing
and working together;

_ They ae able to evauate the
appropriateness of thetechnology to their
situation;

—  Feedback from them often leads to
improvements in the technology.

An organizational framework, through
which the tridls are implemented, must be
established at the village level. Government
extension staff isusually limited in availability,
training and commitment at the village
level. Nongovernmenta organizations (NGO's)
often possess the skills and motivation necessary
to be effective in rural communities.

Fig. 1. Mognampara, Matamuhari River, Cox’s Bazar
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UBINIG became interested in assistingthe fry-catcher communitiesit had studied duringthe baseline
survey. The organization had hitherto beenprimarily involved in policy studies, but it wasanxious to
become active in community development. UBINIG is an incorporated body, not atraditionally
organized NGO. It hasstaff and financia resourcesenablingthem to successfully implement field trials.

UBINIG undertook two functionswithin the framework of the BOBP-sponsored cage nursery culture
subproject:

— Identifying and organizing the participants; and

—  Training them in cage culture technology.

Because of the strong commitment of the organization to people’s welfare, it undertook a wide
variety of additional developmenta activities usingits own resources. It placed afour-person team
in Mognamapara and initiated mangrove replanting, primary education, a women's literacy
programme, savings schemes, fruit treeplanting and other supporting activities. While not directly
related to cage nursery culture, these activities helped to consolidate the participants groups, as
well as bring direct, tangible benefits to the fry-catchers communities.

5. CAGE NURSERY CULTURE

The cage nursery culture trials were undertaken over aperiod of three years. Outcomes of these
were considered from both technical and community participation aspects. Culture trials for both
tiger shrimp fry and freshwater prawn fry were undertaken during the 1990/91 and 1991/92 seasons,
while only tiger shrimp fry nursing was attempted during the 1992/93 season. Tiger shrimp fry
nursing was implemented at Mognamapara, Cox's Bazar, and the freshwater prawn fry nursery
trials were sited in Potiya, by the Chandkhali River, near Chittagong.

51 Tiger shrimp fry nursing

Trials were conducted very early in the 1990/91 season (see table below). A total of 35,600 fry
were stocked, of which only 948 survived. The results for 1991 were equally discouraging. Fry were
very scarce in the Matamuhari River and cages could be stocked only in February and April.
A severe cyclone destroyed the rafts and cages at the end of April.

Tiger shrimp fry nursing, 1990-1993

Month  Fry stocked  Cost/100  Total fry =~ Feedcost Rearing time  Survival Fry sold  Price/200 Gross Net revenue

(no.) (Tk) cost (Tk) (Tk) (days) (%) (no.) (Tk) revenue (TK) (Tk)
199
August 13,700 10 1,370 1 0
September 13,300 10 1,330 80 18 71 98 0 284 -1126
October 8,600 10 860 40 4 0
1991
February 3959 19 752 15 15 66 260 {0 104 i3
April 21,000 10 2,100 20 Destroyed

by cyclone

1992
February 367 20 73 3 15 504 218 50 109 5
March 12,031 18 2,166 105 2A 610 7339 50 3,669 139
April 5490 18 988 84 2A 630 3459 50 1,729 657
1993
March 14621 20 2,924 50 5 727 10,629 D 3189 215
April 52,210 215 11,225 200 20 516 26,940 k) 8,082 333
May 56,464 20 11,293 20 2A 194 10,954 265 2,903 -8600

US $ = Taka 35 appx.

=
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Fry availability improved somewhat during the latter part of the 1991/92 season, alowing trias
to be undertaken in February, March and April of 1992. The results were much better than inthe
earlier trials. Of atotal of 17,888 fry stocked, 11,016 were harvested and sold. The overall survival
was 61 per cent. All the trials realized apositive, net revenue, albeit very small. The selling price
rose to unprecedented heights due to high demand and poor catches.

Eight trials were made during the 1993 season. Fry were extremely scarce inthe Matamuhari River
and had to be purchased from deaerson the Bay of Bengal shoreto allow completion of the technical
trials.

Rearing protocols were modified with the incorporation of atransitional nursery pond in the
intertidal zone. The participants suggested that such apond would improve survival by alowing
the fry to gain strength before being exposed to the strong tidal currents of the river.

The pond was excavated to adepth of 2m at low tide and madelarge enough to accommodate
two nursery cage rafts. The nursery cages were floated inside the pond and water exchanged on
each tidal cycle (see picture below).

b~ -' ENA wﬂn:;" >
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Installing nursery cages in transition pond, Mognamapara
Fry were maintained in the transition pond for 3 to 5 days. Ontwo occasions, frywere sold directly

from the pond, but normally fry were transferred to open water cages for a further 4 to 9 days.



The feeding method was identical to that used in West Bengal, as described by Nielsen and Hall
(1993). The results indicate the effectiveness of the transition pond (see table below).

Results of cage nursery culture trials at Mognamapara, 1993

Tril Week  Fry  Cost/ Total Rearing VYield Survival Fry Rearing Yield Cost! &dling  Gross  Gross  Survival

No. stocked 100 cost rime  (TK) (%) stocked time  (TK) 1000  price/ price/ income (%)
(no) (T (K (days) (no)  (days) (Tk) 12000 12000  (TK)
(T (Tk)

1 2 14621 200 2925 5 10650 728 Sold directly from transition pond 300 3195 271

2 14 6,482 230 149! 5 5,993 925

3 14 5,625 230 129 5 3,625 644 19770 9 11,373 — 210 307! -2049 575
4 16 7529 230 1732 4 6205 824 6205 4 3863 — 300 1159 573 62.3
5 16 11073 230 2547 3 9809 886 9,809 4 6,821 — 300 2046 500 69.5
6 16 Stocked directly in open water cages 11,349 5 4,856 20 300 1457 -1153 428
7 18 35810 200 7,162 2 5,389 150  Sold directly from transition pond 300 1617 -5545

8 2 20,654 200 4131 4 14334 694 14334 4 5591 300 4300 169 390

The low survival in trial no. 7 was dueto sudden heavy rain which lowered the salinity too rapidly
for the fry to adjust.

5.2 Freshwater prawn fry nursing

Juveniles of freshwater prawns are supplied to farmers during September and October asthey become
availableinthe wild. Hatchery production startsin early May, which enables nursery cage culturists
to supply juveniles to farmers from June through October.

The first trials were implemented in 1990 (see table below).

Freshwater prawn fry nursing, 1990-92

Month  Fry stocked cost/100  Total fry  Feedcost Rearingtime — Survival Frysold  Pricet0O Gross Net revenue

(no.) (TK) cost (Tk) (TK) (days) (%) (no.) (TK) revenue (Tk) (Tk)
1990
October* 3,200 0 1,280 189 63 218 890 40 356 -1113
November* 2,400 40 960 210 2 833 1,999 50 1,000 170
1991
Juner 2,207 40 8328 200 56 312 81 100 821 -262
July* 5,000 40 2,000 280 3% 440 2,200 105 2,310 Kl
August* 6,000 40 2,400 24 8 837 2622 80 2,098 -526
September** 3620 50 1810 350 k) 66.5 2407 2 2,889 729
1992
September* 8,000 0 3200 175 k) 535 4,280 7 3210 -165
September** 5,030 50 2515 8 u 86.5 4351 170 7,397 4798
October** 21,560 50 10,780 315 2! 835 8,003 160 28,804 17,709
*Hatchery
** Wild

@)
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Survival of wild fry (picture below left) was much higher than hatchery fry (picture below right),
but aloss was sustained in November dueto the low price obtained for juveniles. Hatchery fry
had poor survival in 1991, whilethe cages stocked withwild fry in September showed adlight positive
net revenue. Prices were much higher due to the larger size of the product.

Brush pile fishery for wild freshwater prawn fry, Hatchery produced freshwater prawn fry, Potiva
Chandkhali River

The last trials were undertaken in 1992. The results from nursing wild fry were very encouraging,
showing substantial increases innet revenue. Hatchery fry continued their poor performance, while
surviva of wild fry was over 80 per cent. The probable cause of high hatchery fry mortality was
overstocking and inadequate sorting.

6. MARKETING

Mognamapara is located in the midst of one of the major shrimp farming areas of the country.
Sdes oftiger shrimp fry weremadeto local subagents or directly to farmers. The main marketing
constraint was low fry availability.

The marketing chain for freshwater prawn fryin the Chittagong District is straightforward: from
the catcher, through brokers, middlemen or fish vendors to the farmer, and sometimes directly
from catchers to farmers inthe vicinity of the cages. Middlemen advance subsistenceloans, dadan,
to fry-catchers.

Nursery cage stocking and marketing were affected by the participants’ indebtedness. Fry-catchers
are indebted to middlemen by accepting dadan; they are, as aconsequence, obligatedto sell any
marketable prawn fry they catchto their creditors. However, asignificant proportion of their catch,
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which has to be sold immediately, could be nursed to alarger, more valuable size. Nursery cage
culture expands marketing opportunities in two ways.

— Undersized fry caught in August and September can be held until marketable sizeis reached.
—  Hatchery PLs can be stocked and reared to marketable size. In fact, they can be nursed

until the optimum size is reached.

Excepting in 1990, prices for nursed juveniles ranged from Tk 800 to 1600, as demand increased
markedly due to the growing popularity of prawn farming. Pricesdid not differ between direct
sales to farmers and to sales to aratdars (Angell 1990).

7. FINANCIAL ANALYSIS
7.1 Tiger shrimp nursing

The 1990 and 1991 trials at Mognamapara were very preliminary. Rearing protocols still had to
be worked out. Consequently, survival was very low. Furthermore, the cyclone of April 1991,

completely destroyed the cages. The last two years were more representative of the results to be
expected.

A production unit is considered Investment costs of a cage nursery unit
to be oneraft and its cages and
the investment cost are  Maeia Cost Depreciation Annual
summarized in the table (1K) 9 depreciation (Tk)
adongside. The transition pond Bamhoo 1500 2 750
cost TK 9000 to construct, but Floats, 100 | 2400 % 480
can be shared among 15 Rope, 10mm 180 2 0
participants; thetransitionpond ~ BPe™™ i ] 1
holds five rafts, each carrying Iron rod 50 2 %
three cages. The cages can be Iron rod frae 800 2 400
stocked at high density during Bamboo transport cost 12 2 625
the brief transition period. Drum iron frame
transport cost 400 2 200

Labour 240 2 10
Experience indicates that a Nursery pond construction’ 600 10 60
family could collect enough fry isoelaneous (road taves et 20 2 100
to stock 30,000 duringthe course asttc net Tor caes 220 ’ =
of a season. The base case, 8300 w73

therefore, assumes an annual - Nursery pond not required for freshvater prawn nursery.

stocking rate of 30,000 fry,

60 per cent survival and asdlling price of 400 Tk/I000. The revenueisthus Tk 7,200. The stocking
cost of fry was 200 Tk/1000, i.e. Tk 6000 in total. The feed cost was estimated at 4.8 Tk/I000
fry, totalling Tk 145. The margin between revenue and the operating costs is too low to cover the
investment costs, resulting in a continuous negative cash flow and heavy losses (see table below).

Cash flow analysis for one production unit of tiger shrimp fry

0 1 2 3 4 5 6 1 8 9 10

. Investnent 8800 3600 2200 3600 2400 5800 3600 2200

2. Operating costs 6145 6145 6145 6145 6145 6145 6145 6145 6145 6145

3 Qutflow 6145 6145 9745 8345 9745 8545 13%45 6145 9745 8345

4 Incone 7200 7200 7200 7200 7200 7200 7200 7200 7200 7200

5 Net flow -8800 105 105 -2545 -1145 -2545 -1345 -6745 -1055 -2545 -1145
C©)
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7.2 Freshwater prawn nursing

The production unit is identical to theone used for tiger shrimp fry nursing. Although it has been
depreciated at the same rate, the freshwater prawn fry cages would probably last longer due to
dower corrosion. There is no transition pond in the freshwater system.

Freshwater prawn fry nursery cages, Chandkhali River.

Both hatchery-produced and wild fry can be used to stock the cages. Hatchery fry enables the
operator to extend the culture season by three months, because fry will be available from early
May or June. A five-month season is used inthe base case. Wild fry appear intherivers inAugust,

September and October. If Annual operating costs and revenue for
caught in August and early freshwater prawn fry nursing (one cage unit)
September, they are generaly
too small to be sold, but are Fry stocked Months Cost Cost
ideal for stocking nursery cages. (no./mth) (Tk/1000) (TK)
Based on experience, as Costof try
illustrated in the secondtable on

_ Hatchery fry 5,000 3 400 6,000
page 7, surviva of hatchery fry — Wild fry 5,000 2 500 5000
was put at 54 per cent and wild
fry at 80 per cent for the base  Total fry cost 11,000
case. The seling pricewas putat  Feed cost 415
1000 Tk/1000, although it 11415

ranged from 800 to 1700 Tk
during the 1991 and 1992  ANNUALREVENUE  Stocked (no)  Survival %  Sellingprice Revenue

seasons. Annual operating costs (TkI1000)

and revenues used to estimate  Hachey fry 15,000 54 1,000 8,100

cash flow over aten-year project  Wild fry 10000 80 1,000 8,000

period are presented in the tables Anmualrevente 16,100

alongside and below.

[0} 1 2 3 4 5 6 7 8 9 10

1.Investment 8200 3600 2200 3600 2400 5800 3600 2200
2.0Operatingcosts 11415 11415 11415 11415 11415 11415 11415 11415 11415 11415
3.Outflow 8200 11415 11415 15015 13615 15015 13815 17215 11415 15015 13615
4.Inflow 16100 16100 16100 16100 16100 16100 16100 16100 16100 16100
5.Net flow -8200 4685 4685 1085 2485 1085 2285 -1115 4685 1085 2485
6. IRR 0.36




A sengitivity analysis (see Figure?2), by changing the variablesinvolved, viz, investment cost, selling
price, mortality and purchase cost of hatcheryfry, showsthat for departures of 10 and 20 per cent
above and bel ow the base values, the internal rate of return (IRR) isvery sensitive to variations

in selling price or nortality. Increases in investment costs and cost of fry obviously reduce
profitability, withthe latter having a nor esignificant effect. Breakeven is possibleevenifinvest nent

costs increased by 40 per cent or cost of fry by 25 per cent.

Fig. 2. Sensitivity analysis of freshwater prawn fry nursing
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8. CONCLUSIONS
The subproj ect invol ved technical, socia and economic aspects. The major conclusions gleaned

from the experience over the four years of activities are given below.

8.1 Technical aspects

Nielsen and Hall (1993) summarized their conclusions for cage nursery culture in West Bengal,
most of which holdstrue for Bangladesh. The strongtidal and river currentsin Bangladeshi channels
and rivers require the use of sturdy bamboo frames. Materials are locally available to fabricate
the cages.

The dominant technical issue remains stocking rates and sorting, particularly in freshwater prawn
fry nursing.

Theinclusion of atransition pond in Mognamapara improved survival rates significantly. However,
the unique cooperative land ownership prevailing in the village is not common in coastal areas.
Government, or khas, lands are nominaly available to fisherfolk, but many practical problems
obstruct their access to khas lands.

The availahility of feed was not a constraint, but further trials are necessary to determine the best
formulation using locally available ingredients.

=
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8.2 Social aspects

Cage nursery culture, whether of tiger shrimp or freshwater prawn, reguires strong organizational
support. Thereis no ‘standard’ protocol, as each village is different. While it is best to build on
existing groups, many fishing villages have no such organizations. An extended period of trial and
error may be required before the right approach is found. UBINIG had to organize participants
from the ground up, in the absence of existing community organizations.

The development issues confronting fry-catcher communities are diverse, ranging from basic
sanitation and literacy to environmental conservation. NGO involvement was crucial to addressing
these needs and, by doing so, consolidated the nursery culture groups. The most effective activities
included nonformal education for women and girls, mangroveafforestation, savings and revolving
credit.

The degree to which women can become involved in nursery culture depends on local socid customs.
Sustained involvement in the target community is necessary to break down the inhibitions which
prevent women from fully participating in development. To accomplish the task, the NGO requires
committed long-term financial resources.

Women were marginally involved in cage nursery culture in Mognamapara. They prepared feed
and mended happas. Women were not involved in any forma way in decision-making and did
not directly participate in meetings of fry-catchers. UBINIG field staff made a sustained effort
to include women in cage nursery activities, but found it difficult to overcome the social pressures
to whi ch the worren are subj ected.

8.3 Financial viability

Tiger shrimpcage nursery culturein Bangladesh is unlikely to be profitable under prevailing market
conditions. Other serious constraints are low survival ratesand fry availability. It may be possible

to use hatchery produced post-larvae, but this option does not yet exist in Bangladesh. There is
one private hatchery in Cox's Bazar, but it still has not reached full production. Government
hatcheries in the area are unable to produce fry on a sustained basis.

On the other hand, freshwater prawn fry nursing has good potential for further development, but
proper site selection is crucial. Low surviva of hatchery fry is the main constraint. Further trials
to determinethe proper stocking density and sorting protocols for hatchery fry should significantly
increase the survival. The number of private freshwater prawn hatcheries is slowly increasing in
Bangladesh, so fry should become increasingly available.
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PUBLICATIONS OF THE BAY OF BENGAL PROGRAMME (BOBP)

The BOBP brings out the following types of publications;

Reports (BOBP/REP/...) which,describe and analyze completed activities such as seminars, annual meetings of BOBP’s
Advisory Committee, and subprojects in member-countries for which BOBP inputs have ended.

Working Papers (BOBP/WP/...) which are progress reports that discuss the findings of ongoing work.

Manuals and Guides (BOBP/MAG/...) which are instructional documents for specific audiences,

Information Documents (BOBP/INF/...) which are bibliographies and descriptive documents on the fisheries of member-
countries in the region.

Newsletters (Bay ofBengal News) which are issued quarterly and which contain illustrated articles and features in nontechnical
style on BOBP work and related subjects.

Other publications which include books and other miscellaneous reports.
Those marked with an asterisk (*) are out of stock but photocopies can be supplied.

Reports (BOBP/REP!/...)

32.* Bank Creditfor Artisanal Marine Fisherfolk of Orissa, india. U. Tietze. (Mdras, 1987.)

33.  Nonformal Primary Education for Children ofMarine Fisherfolk in Orissa, India, U. Tietze, N. Ray. (Madras, 1987.)
34. The Coastal Set Bagnet Fishery of Bangladesh — Fishing Trials and investigations. S. E. Akerman. (Madras, 1986.)
35.  Brackishwater Shrimp Culture Demonstration in Bangladesh. M. Karim. (Madras. 1986.)

36. Hilsa Investigations in Bangladesh. (Colombo, 1987.)

37. High-Opening Bottom Trawling in Tamil Nadu, Gujarat and Orissa, india ; A Summary of Effort and Impact.
(Madras, 1987.)

38. Report ofthe Eleventh Meeting of the Advisory Committee, Bangkok, Thailand. 26-28 March. 1987. (Madras. 1987.)
39. Investigations on the Mackerel and Scad Resources of the Malacca Straits, (Colombo, 1987.)

40. Tuna in the Andaman Sea. (Colombo, 1987.)

41.  Studies of the Tuna Resource in the EEZs of Sri Lanka and Maldives. (Colombo, 1988.)

42.  Report of the Twelfth Meeting of the Advisory Committee. Bhubaneswar, India, 12-1S January 1988. (Madras, 1988.)
43.  Report ofthe Thirteenth Meeting of the Advisory Committee. Penang, Malaysia, 26-28 January 1988. (Madras, 1989.)
44, Report of the Fourteenth Meeting of the Advisory Committee, Medan. Indonesia, 22-25 January. 1990. (Madras, 1990.)

45.  Gracilaria Production and Utilization in the Bay of Bengal Region; Report of a seminar held in Songkhla. Thailand.
23-27 October 1989. (Madras, 1990.)

46.  Exploratory Fishing for Large Pelagic Species in the Maldives, R.C.Anderson, A.Waheed, (Madras, 1990.)

47. Exploratory Fishing for Large Pelagic Speciesin Sri Lanka. R Maldeniya, S. L. Suraweera. (Madras, 1991.)

48. Report ofthe Fifteenth Meeting of the Advisory Committee. Col onbo, Sri Lanka, 28-30 January 1991. (Madras. 1991.)
49.  Introduction of New Small Fishing Craft in Kerala, India. 0. Gulbrandsen and M. R. Anderson. (Madras, 1992.)

50. Report of the Sixteenth Meeting ofthe Advisory Committee. Phuket, Thailand, 20-2.3 January 1992. (Madras, 1992.)

51. Report ofthe Seminar on the Mud Crab Culture and Trade in the Bay of Bengal Region. November 5-8, Surat Thani,
Thailand. Ed by CA. Angell. (Madras, 1992.)

52. Feedsfor Artisanal Shrimp Culture in india — Their development and evaluation. J F Wood et al. (Madras, 1992.)

53. A Radio Programme for Fisherfolk in Sri Lanka. R N Roy. (Madras, 1992.)

54. Developing and introducing a Beachlanding Craft on the East Coast ofIndia, V L C Pietersz. (Madras, 1993.)

55. A Shri Lanka Credit Project to Provide Banking Services to Fisherfolk. C. Fernando. D. Attanayake. (Madras. 1992.)

56. A Study on Dolphin Catches in Shri Lanka, L Joseph. (Madras. 1993.)

57. introduction of New Outrigger Canoes in indonesia, O Pajot. O Gulbrandsen. (Madras. 1993.)

58. Report ofthe Seventeenth Meeting of the Advisory Committee, Dhaka, Bangladesh, 6.8 April 1993. (Madras, 1993.)

59. Report on Development of Canoes in Shri Lanka. G Pajot, O Gulbrandsen. (Madras, 1993.)

60. improving Fisherfolk incomes through Group Formation and Enterprise Development in Indonesia. R N Roy.
(Madras, 1993.)

61. Small Offshore Fishing Boats in Shri Lanka. G Pajot. (Madras, 1993,

62. Fisheries Extension Services in the Maldives. A M H Heelas. (Madras, 1994.)

63. Small-scale Oyster Culture on the West Coast of Peninsular Malaysia. D Nair, R Hall. C Angell. (Madras. 1993.)

64. Chandi Boat Motorization Projects and Their Impacts. R Hall, A Kashem. (Madras. 1994.)

65. Learning by Doing in Bangladesh; Extension Systems Development for Coastal and Estuarine Fisherfolk Communities.
R N Roy. (Madras, 1994.)

66. Promotion of Small-sale Shrimp and Prawn Hatcheries in india and Bangladesh. C Angell. (Madras. 1994.)

67. The impact ofthe Environment on the Fisheries ofthe Bay of Bengal. Ed. by S Holmgren. Swedish Centre for Coastal
Development and Management of Aquatic Resources. SWEDMARIBOBP. (Madras. 1994.)

(14)

=



Working Papers (BOBP/WPI...)

49.

50.

51.

52.

53.

54.
55.
56.
57.

58.
59.
60.
61.
62.

63.
64.
65.

66.

67.
68.

69.
70.

71.
72.
73.

74.
75.

76.

7.
78.

79.
80.
81
82.
83.
84.
85.

86.
87.
88.
89.

90.

91.
92.
93.

Pen Culture of Shrimp by Fisherfolk ; The BOBP Experience in Killai, Tarnil Nadu, india. E. Drewes, O. Rajappan.
(Madras, 1987.)

Experiences with a Manually Operated Net-Braiding Machine in Bangladesh. B.C. Gillgren, A. Kashem.
(Madras, 1986.)

Hauling Devices for Beachlanding Craft. A. Overa. PA. Hemminghyth. (Madras, 1986.)

Experimental Culture of Seaweeds (Gracilaria Sp.) in Penang, Malaysia. (Based on a report by M. Doty and J. Fisher).
(Madras, 1987.)

Atlas of Deep Water Demersal Fishery Resources in the Bay of Bengal. T. Nishida, K. Sivasubramaniam.
(Colombo, 1986.)

Experiences with Fish Aggregating Devices in Sri Lanka. K.T. Weerasooriya. (Madras. 1987.)

Study ofincome, indebtedness and Savings among Fisherfolk of Orissa, India. T. Mammo. (Madras. 1987.)

Fishing Trials with Beachlanding Craft at Uppada. Andhra Pradesh, india. L. Nyberg. (Madras, 1987.)

Identifying Extension Activities for Fisherwomen in Vishakhapatnam District, Andhra Pradesh, India. D. Tempelman.
(Madras, 1987.)

Shrimp Fisheries in the Bay ofBengal. M. Van der Knaap. (Madras, 1989.)

Fishery Statistics in the Bay ofBengal. T. Nishida, (Madras, 1988.)

Pen Culture of Shrimp in Chilaw, Sri Lanka. D. Reyntjens. (Madras, 1989.)

Development of Outrigger Canoes in Sri Lanka. O. Gulbrandsen, (Madras, 1990.)

Silvi-Pisciculture Project in Sunderhans. West Bengal ; A Summary Report of BOBP’s assistance. CL. Angell. J. Muir,
(Madras, 1990.)

Shrimp Seed Collectors of Bangladesh. (Based on a study by UBINIG.) (Madras, 1990.)

ReefFish Resources Survey in the Maldives. M. Van Der Knaap et al. (Madras, 1991.)

Seaweed (Gracilaria Edulis) Farming in Vedalai and Chinnapalam, india. |. Kalkman, T Rajendran, C. L.Angell.
(Madras. 1991.)

Impros’ing Marketing Conditions for Women Fish Vendors in Besant Nagar, Madras. K. Menezes. (Madras, 1991.)
Design and Trial of/ce Boxesfor Use on Fishing Boats in Kakinada, india. 1J. Clucas. (Madras, 1991.)

The By-catch from Indian Shrimp Trawlers in the Bay ofBengal; The potential for its improved utilization. A. Gordon.
(Madras, 1991.)

Agar and Alginate Production from Seaweed in India. J. J. W. Coopen, P. Nambiar. (Madras, 1991.)

The Kattumaram of Kothapatnam-Pallipalem, And/ira Pradesh, India — A survey of the fisheries and fisherfolk.
K. Sivasubramaniam. (Madras, 1991.)

Manual Boat Hauling Devices in the Maldive,c. (Madras, 1992.)

Giant Clams in the Maldives —A stock assessment and study of their potentialfor culture. J. R. Barker. (Madras, 1991.)
Small-scale Culture ofthe Flat Oyster (Ostrea folium) in Pulau Langkawi, Kedah, Malaysia. D. Nair, B. Lindeblad.
(Madras, 1991.)

A Study ofthe Performance of Selected Small Fishing Craft on the East Coast of India. G El Gendy. (Madras, 1992.)
Fishing Trials with Beachlanding Craft at Thirumullaivasal, Tamil Nadu, india, 1989-1992. G Pajot (Madras. 1992.)
A View from the Beach — Understanding the status and needs offisherfolk in the Meemu, Vaavu and Faafu Atolls of
the Republic ofMaldives. The Extension and Projects Section ofthe Ministry of Fisheries and Agriculture, The Republic
of Maldives. (Madras, 1991.)

Development of Canoe Fisheries in Sumatera, indonesia, O Gulbrandsen, G Pajot. (Madras, 1992.)

The Fisheries and Fisherfolk of Nias island, Indonesia. A description of the fisheries and a socio-economic appraisal
of the fisherfolk. Based on reports by G Pajot, P. Townsley. (Madras, 1991.)

Review ofthe Beche De Mer (Sea Cucumber) Fishery in the Maldives. L. Joseph. (Madras. 1992.)

Reef Fish Resources Survey in the Maldives — Phase Two. R. C. Anderson, Z. Waheed, A. Arif. (Madras, 1992.)
Exploratory Fishing for Large Pelagic Speciesin South Indian Water. J. Gallene, R. Hall. (Madras, 1992.)

Cleaner Fishery Harhours in the Bay of Bengal. Comp. by R. Ravikumar (Madras, 1992.)

Survey of Fish Consumption in Madras. Marketing and Research Group, Madras,, India. (Madras, 1992.)

Flyingfish Fishing on the Coromandel Coast. G Pajot, C. R. Prabhakaradu. (Madras, 1993.)

The Processing and Marketing of Anchovy in the Kanniyakumari District of South India; Scope for development.
T. W. Bostock. M. H. Kalavathy, R. Vijaynidhi. (Madras, 1992.)

Nurse,’'v Rearing of Tiger Shrimp Post-larvae in West Bengal, India. H Nielsen, R Hall. (Madras, 1993.)

Market Study of Tiger Shrimp Fry in West Bengal, India. M M Raj, R Hall. (Madras, 1993.)

The Shrimp Fry By-catch in West Bengal. B K Banerjee, H Singh. (Madras, 1993.)

Studies of interactive Marine Fisheries ofBangladesh. Management and Development Project, Department of Fisheries,
Chittagong, Bangladesh. (Madras, 1993.)

Socioeconomic Conditions of Estuarine Set Bagnet Fisherfolk in Bangladesh. K.T. Thomson, Sk. Md. Dilbar Jahan,
Md. Syed Hussain. (Madras, 1993.)

Further Exploratory Fishing for Large Pelagic Species in South indian Waters. G Pajot. (Madras, 1993.)

Cage Nursery Rearing of Shrimp and Prawn Fry in Bangladesh. C Angell. (Madras, 1994.)

Dealing with Fishery Harbour Pollution — The Phuket Experience. R Ravikumar. (Madras, 1994.)
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Manuals and Guides (BOBP/MAG/...)

Towards Shared Learning ; Non-formal Adult Educationfor Marine Fisherfolk. Trainers’ Manual. (Madras, June 1985.)

2. Towards Shared Learning ; Non-formal Adult Education for Marine Fisherfolk. Animators’ Guide. (Madras, June 1985.)

3. Fishery Statistics on the Microcomputer ; A BASIC Version of Hasselblad’s NORMSEP Program. D. Pauly, N. David,
J. Hertel-Wulff. (Colombo, 1986.)

4. Separating Mixtures of Normal Distributions ; Basic programs for Bhattacharya’s Method and Their Application for
Fish Population Analysis. H. Goonetilleke, K. Sivasubramaniam. (Madras, 1987.)

5 Bay of Bengal Fisheries information System (BOBFJNS); User's Manual. (Colombo, 1987.)

6. A Manual on Rapid Appraisal Methods for Coastal Communities. P. Townsley. (Madras, 1993.)

7. Guidelines for Extension Workers in Group Management, Savings Promotion and Selection ofEnterprise. H. Setyawasi,
P. Limawan. Directorate General of Fisheries, Ministry of Agriculture. Government of Indonesia, Jakarta and Bay of
Bengal Programme. (In Indonesian). (Madras. 1992).

8. Extension Approaches to Coastal Fisherfolk Development in Bangladesh; Guidelines for Trainers and Field Level
Fishery Extension Workers. Department of Fisheries, Ministry of Fisheries and’ Livestock, Government of Bangladesh
and Bay of Bengal Programme. (In Bangla). (Bangladesh, 1992.)

9. Guidelines on Fisheries Extension in the Bay of Bengal Region. | Jungeling. (Madras. 1993.)

10. Our Fish, Our Wealth. A guide to fisherfolk on resources management — In ‘comic book’ style (EnglishiTamillTelugu).
K. Chandrakanth with K. Sivasubramaniam, R. Roy. (Madras, 1991.)

11. Our Shrimp, Their Lives. A guide to fisherfolk on resources management — In ‘comic book’ style (EnglishITami!).
K. Chandrakanth with K. Sivasubramaniam, R. Roy. (Madras, 1993.)

12. How to Build a Timber Outrigger Canoe. O Gulbrandsen. (Madras. 1993.)

13. A Manualfor Operating a Small-scale Recirculation Freshwater Prawn Hatchery. R. Chowdhury. H. Bhattacharjee,
C. Angell. (Madras, 1993.)

14. Building a Liftable Propulsion System for Small Fishing Craft — The BOB Drive. O Oulbrandsen, M R Andersen.
(Madras, 1993.)

15. Guidelines for Fisheries Extension in the Coastal Provinces of Thailand. Fisheries Extension Division, Department of
Fisheries, Ministry of Agriculture and Cooperatives, Bangkok, Thailand and the Bay of Bengal Programme.
(Thailand, 1993.)

16. Safety at Sea — A safety guide for small offshore fishing boats. O Gulbrandsen, G Pajot. (Madras, 1993.)

17. Guidelines for Cleaner Fishery Harbours. R. Ravikumar. (Madras, 1993.)

18. A Handbook of Oyster Culture. H. Nawawi. (In EnglishfMalay). (Madras. 1993.)

19. Management of Fisherfolk Microenterprises - A manualfor training of trainers, V. Muthu, P.S.A. Kunchitha Padam,
Bhatnagar. (Madras, 1993.)

20. Life on Our Reefs - A colouring hook. Ministry of Fisheries and Agriculture, Male, Republic of Maldives and the Bay
of Bengal Programme. (Madras, 1993.)

Information Documents (BOBP/INF/...)

10.  Bibliography on Gracilaria — Production and Utilization in the Bay ofBengal. (Madras, 1990.)
11 Marine Small-Scale Fisheries of West Bengal ; An Introduction. (Madras, 1990.)

12.  The Fisherfolk ofPuttalam, Chilaw, Galle and Matara—A study of the economic status ofthefisherfolk offour fisheries
districts in Sri Lanka. (Madras, 1991.)
13.  Bibliography on the Mud Crab Culture and Trade in the Bay ofBengal Region. (Madras, 1992.)

Newsletters (Bay of Bengal News)

Quarterly, from 1981

Other Publications

1 Helping Fisherfolk to Help Themselves ; A Study in People’s Participation. (Madras, 1990.)
2. The Shark Fisheries of the Maldives. R C Andersen, H Ahmed. Ministry of Fisheries and Agriculture, Maldives.
(Madras, 1993).

NOTE: Apart from these publications, the BOBP has brought out several folders, leaflets, posters etc., as part of its extension
activities. These include Post-Harvest Fisheries folders in English and in some South Indian languages on anchovy
drying, insulated fish boxes, fish containers, ice boxes, the use ofice etc. Several unpublished reportsconnected with
BOBP’s activities over the years are also available in its Library.

For further information contact;
The Bay of Bengal Programme. Post Bag No. 1054, Madras 600 018, India.
Cable : BAYFISH Telex: 41-21138 BOBP Fax: 044-4936102

Telephone: 4936294, 4936096, 4936188
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