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INTRODUCTION

The Sunderban is unique as its name (Bengali vernacular) carries English meaning
‘Beautiful forest’. It is the single largest mangrove chunk in the world, located in
the mouth of rivers, Ganga-Brahamputra-Meghna estuary covering both India and
Bangladesh. The Sunderban is inter-phase habitat of both terrestrial and aquatic
systems which sustain the largest coastal biodiversity including mangrove
ecosystem. Besides, based on biological diversity its mangrove forests have been
considered as one of the seven most important wetlands globally. Considered as
potential productive zone, it harbors a large numbers of flora, fauna, microbes;
some of which are endemic in this region. It is an important ground for fish breeding,
hatching, spawning, development of juveniles and grow-out of adults.

Indian Sunderban presently covers 4266.40 km2. Geographically, the Sunderban is
vulnerable to cyclonic effect as situated in tropical zone. Shallow depth of Bay of
Bengal as compared to Arabian sea, facilitates to form low pressures which, in turn,
akin to develop cyclonic storms moving towards the Sunderban due to South-north
polar movement. As a result several severe storms affected the Sunderban till date
at every two-three alternate years. In 2009, one such strong cyclonic storm called

Fig. 1 : Map of the Sunderban
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‘Aila’ virtually washed out the entire Sunderban region. The destructive ‘Aila’ caused
heavy casualties, destroyed a huge number of livestock population and forced almost
the entire population homeless. Bali Island situated in the Sunderban Delta, could
not escape from the wrath of ‘Aila’. In Bali, the whole water bodies of different
segments such as small, medium and big ponds, canals and paddy fields were
mixed with sea water due to overflow of river banks. This has resulted in total loss
of indigenous fish diversity including carps, which served as major sources of protein
food as well as livelihood for this populace. Consequently, inhabitants of the Bali
Island have been suffering from acute food crisis.

ICAR-Central Institute of Freshwater Aquaculture (ICAR-CIFA) came forward to
assess the damage caused by ‘Aila’ and to explore means of restoring normalcy of
fishery resources through aquaculture development in this area as before. It was
observed that the fish reaching Bali from distant markets are of poor quality, and
more often the vendors cheat the villagers by supplying undesirable fish seeds.
Because of scanty employment opportunities in the area, the local people are
compelled to encroach nearby dense forest defying the lusty crocodiles and ferocious

Destruction caused by ‘Aila’ in Bali Island
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man eater Royal Bengal tiger in search of honey and firewood. As a result every
year several innocent lives are lost.

SALIENT FEATURES OF THE APPROACH MADE FOR
AQUACULTURE FARMING SYSTEM IMPROVEMENT

After the devastating storm ‘Aila’ in 2009, the economic condition of the inhabitants
of the Sunderban became miserable. A team of scientists from ICAR-CIFA visited
the Island in December 2010 for preliminary survey and to see the possibility of
implementation of aquaculture development programmes. The team made a PRA
survey of Bali Island in the year 2011. It revealed that the agricultural productivity
including freshwater fish productivity have gone down drastically due to the ingress
of saline water into agricultural land and freshwater ponds.

Based on the SWOT analysis, and problem and solution exercise, ICAR-CIFA under
its Tribal Sub-Plan Programme had initiated aquaculture development activities in
2012-13, with a view to disseminating culture practices in scientific lines to increase
fish production from the ponds of tribal people of the Island. Carp brood stock
raising in Wildlife Protection Society of India (WPSI) campus pond at Bali was
initiated in the early part of 2012. Adivasipara Village, Hathkhola, Bali Island, West
Bengal was adopted under the programme.

Following the Participatory Rural Appraisal (PRA) survey in 2011, ICAR-CIFA had
taken few steps to support the livelihood of tribal community of the village through
demonstration of carp poly-culture integrated with agri-horticulture crops and carp
brood rising. The institute has installed a portable FRP carp hatchery unit for fish
seed production in the Island. Local tribal farmers were trained on scientific
freshwater aquaculture techniques including production of quality seed, which not
only allow them to earn money by selling seed, but also provide them the stocking
material for their ponds, integrated aquaculture, fish pickle preparation, etc. Fish is
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the low cost protein available to the tribals through aquaculture. The institute
believes that “Today’s development is tomorrow’s prospect”.

PRA at Bali Island

CROSS SECTION OF BALI VILLAGE

TRIBAL FARMERS TARGETED

Adivasipara Village, Hathkhola, Bali Island, Sunderban, West Bengal was adopted
under the TSP programme. This village has more than 80% of tribal population.
The first phase of the programme covered 22 beneficiary families with 2.56 ha total
pond water area and the second phase covered additional 29 beneficiaries with
2.295 ha total pond water area. Thirty eight beneficiaries adopted duck-cum-fish
culture in the Island.
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OBJECTIVES OF THE PROGRAMME

To conduct PRA survey for resources identification and for adoption of
aquaculture technologies.

To undertake short-term research for location specific modifications of the
technology and dissemination to the tribal farmers of the Island.

To demonstrate and popularize freshwater aquaculture technologies viz.,
carp culture, carp seed production and integrated aquaculture among the
farmers of the Island.

To establish FRP carp hatchery unit in the Island for seed production.

To provide hands-on training to the farm families for skill improvement.

STEPS FOLLOWED FOR ACCOMPLISHMENT OF THE OBJECTIVES

Soil and water analysis of the ponds of the village

Grow-out carp culture in scientific manner

Adoption of BMP (better management practices) for better production of
fish

Breeding of carps in established FRP hatchery

Integrated aquaculture by incorporating agri-horticulture and duck
farming

Supply of required inputs from mainland for scientific aquaculture
demonstration

Conduct of regular trainings, awareness camps and group discussions for
the farmers

Technology dissemination to the farmers was done through demonstration and
trainings. The process of learning-by-doing was followed for all activities. The
activities undertaken by ICAR-CIFA were in the chronological order of:

PRA Survey

Survey and benchmark data collection

Selection of beneficiaries and ponds

Pre-stocking management

Soil and water analysis of ponds
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Pond cleaning and application of lime for water quality improvement
Application of fertilizers i.e., Urea and Single Super Phosphate (SSP); cow
dung in the ponds for productivity enhancement

Stocking of seed and components of integrated aquaculture
Stocking of fingerlings of Indian major carps (IMC) in ponds
Supply of ducklings and duck houses
Supply of plants to the beneficiaries

Post-stocking operation
Providing supplementary feed procured from Govt. of West Bengal for
carps
Providing supplementary feed for ducks

Sampling
Frequent monitoring of water, soil and plankton samples of different ponds
Sampling of the fishes to monitor the growth and feed application in the ponds

Seed production
Establishment of FRP carp hatchery unit
Brood stock management
Operation of FRP carp hatchery unit for seed production

Training
Conducting regular trainings and group discussions in different aspects
of aquaculture and ancillary activities

SOCIO-ECONOMIC PROFILE OF THE FARMERS AT THE START OF
THE DEMONSTRATION

The entire Bali Island has 39,450 human populations, of which 18,930 male and
18,520 female. With reference to Hathkhola Village (Bali Village No. 9), the picture
appears to be very poor in relation to standard of living of the people. Basic needs
such as health center, standard of education, livestock resources, income, lifestyle,
money flow, source of income, resources regeneration, etc. give the impoverished
picture despite availability of potential freshwater resources. The general
information (Table 1) is useful in getting the picture of land less population, daily
wagers, pond owners, pond size, status of land holding, animals in the households,
and beneficiaries of various development programmes.
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Bali Island at Glance
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Table 1: General information of Hathkhola Village (Bali Village No. 9)
Sl. Items Records
No.
1 Address Bali, No. 9, PO : Bali Hatkhola, PS: Gosaba,

Dist: South 24-Parganas, West Bengal,
PIN 743 370

2 Families 136 families
3 Male population 347
4 Female population 357
5 Total population 704
6 Muslim Nil
7 Annual income Rs. 20,000 per family
8 Annual expenditure Rs. 20,000 per family
9 Savings Nil
10 Service holder 4
11 Businessman Nil
12 Landless labour 13 families
13 Less than 1 ha land 107 families
14 7.5 to 10 Bighas 10 families
15 10-15 Bighas 6  families
16 Paddy crasser 10 families
17 Cooperative society Nil
18 SHG group Under EDC - 5, Society - 6
19 Mahila Samity Nil
20 Anganbari school 1
21 Primary school Nil
22 VIII std school Nil
23 Madhyamik school Nil
24 H.S. school Nil
25 Club Bali Yuba Sangha
26 Temple 2 (Goddess Kali + God Hari)
27 Homoeopathy hospital Nil
28 Veterinary hospital Nil
29 Dug well Nil
30 Tube well 9 + 1(Govt. + Personal)
31 Grocery shop 2
32 Poultry farm Nil
33 Electricity Nil
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34 Solar light 10 (Personal investment)
35 Bank Nil
36 Market 1 No.
37 Hospital Nil
38 Animal health centre Nil
39 Service holder 4 nos.
40 Private nursing home 1
41 Main festival Durgapuja + Kalipuja
42 Fuel Dry cow dung cake, Rice straw, Litter of

mangrove forest, Branches of road side trees
43 Saw mill 1
44 Small paddy mill 1
45 Wheat mill 1
46 Paddy thrasher 1
47 Dung gas plant 2 nos. (1 running + 1 defunct)
48 Spraying machine 10
50 Daily wage (Rs. 120 for male and 100 for female)

Agriculture :
51 Total area of the village 300 Acre (900 Bigha)
52 Total rain fed + irrigated area 500 Bigha
53 Non-cultivable land Nil
54 Soil type Silty clay
55 Ploughing Power Tiller
56 Fertilization Urea + Super phosphate + DAP + Potas:

10 kg per bigha
57 Organic fertilizer Negligible (compost used occasionally)
58 Pesticide Thiadon, Endrin- 60 ml/bigha
59 Cropping pattern No pattern followed
60 Main crop Paddy, Pulse, Sun flower,
61 Other crops Chili, Potato, Onion, all type of

seasonal vegetables
62 Rice Yes
63 Mug Yes
64 Biri Yes
65 Kulthi Yes

Vegetables :
66 Leafy vegetables Amaranthus, Palak, Pui
67 Colocasia Yes
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68 Papaya Yes
69 Ladies finger Yes
70 Ridge gourd Yes
71 Bitter gourd Yes
72 Banana Yes

Animal Population:
73 Total cattle 200 nos.
74 Jersey variety cow 1
75 Duck 200 nos.
76 Goat 400 nos.
77 Sheep 60 nos.
78 Poultry birds 2000 nos.
79 Milking once in a day 500 to 700g

Fishery Resources:
80 Total ponds 138 nos., 6.19 ha
81 Sweet water canal 1 (1.5 kilometer x 15 meter)
82 Brackish water canal 2
83 Catch fish and consume

by themselves 50 families
84 Catch fish and sell outside 4 families

WATER RESOURCES

PRA survey could account the actual number of ponds suitable for aquaculture
activities. Features like size, shape, orientation, expose to sun light, water retention
period, soil & water quality, pond environment, distance to households, etc. were
obtained during the survey. Bali Village No. 9 has total 138 ponds (6.19 ha area)

Ponds for aquaculture at Bali



11Success Story

with 114 owners. The survey also accounted feasibility of specific aquaculture
activity in accordance with size of ponds. All the ponds required renovation for
implementation of aquaculture activity.

SWOT ANALYSIS

Effectiveness of proposed aquaculture was assessed through SWOT (strength,
weakness, opportunity and threat) analysis. The proposed village has sufficient
strength pertaining to integrated aqua farming such as dairy-cum-fish culture,
horticulture-cum-fish culture, poultry-cum-fish culture, prawn and carp culture.
Despite of these amenities towards aquaculture practice, there were considerable
weakness and threats like poor infrastructure, lack of transport facility, non-
availability of electricity, poor capital money, lack of available technology,
fluctuating price for farm produces, damage due to natural calamities, and
preference of the consumer for selective products.

MATRIX RANKING

In matrix ranking, the objects were evaluated by different set of criteria and assigned
value to the criteria. Villagers’ preference towards a particular topic of interest was
revealed by this technique. This exercise helped to understand farmers’ priorities
to particular crops of aquaculture and simultaneously disliking to other crops in
rank. This provided the knowledge on preferential species to be cultured as per
ranking. In this matrix ranking analysis, it was  observed that three major carps
such as catla, rohu, mrigal occupied top rank, followed by cat fishes such as magur
and singhi. There were different criteria assigned to them such as high price, good

Table 2: Matrix of ranking of fish species (score 1 - 10)
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taste, fish growth, and easy availability which they are acquainted very much, while
nutritive value was reflected indirectly in their way of conversation.

TECHNOLOGY GAP ANALYSIS

Technology gap analysis is useful in understanding the strategies for managing the
resources. Data were collected from the group discussions of farmers, who are
involved in aquaculture practice in their ponds. This analysis revealed the gap
prevailing in existing aquaculture practices and the intervention points required to
overcome them. This analysis critically mentioned the percentage of gap between
the existing aquaculture practice and the modern aquaculture techniques available
for higher fish production. In this survey the team could obtain the scenario by
way of calculation and the gap of about 83.66% existed in all items of grow out
culture between the farmers practice and the modern technologies required for
better aquaculture yields. Apart from technological gap existing in grow out culture,
there are also 100% gap in nursery and rearing management of fish seed in Bali
Village No. 9.

Table 3: Technology gap analysis in composite fish culture in Bali Village No.9
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LAUNCHING OF THE DEMONSTRATION PROGRAMMES

Official launching of aquaculture adoption programme at Bali was organized by
ICAR-CIFA on 11 March 2013. Sri Chandranath Sinha, Hon’ble Fishery Minister,
Govt. of West Bengal inaugurated the first phase of the adoption. In this programme
Mr. Jayanta Naskar, MLA, Gosaba, West Bengal; Mr. P. Lepcha, Additional Director,
Department of Fisheries, Govt. of West Bengal; Dr. Sailen Biswas, Joint Director,
Govt. of West Bengal; Dr Kuldeep Kumar and Dr. P.P. Chakrabarti, Principal
Scientists, ICAR-CIFA were present. A portable FRP carp hatchery was officially
handed over to the area for seed production. Individual beneficiaries were supplied
with critical inputs like cast net, hundi, happa, fish seed, fertilizer, lime and manure,

Launching of the 1st Phase programme on 11 March 2013



14 Success Story

Launching of the 2nd Phase programme by the Hon’ble Secretary, DARE,
Govt. of India and DG, ICAR on 26 July, 2013
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apart from providing saplings of jujube, lemon, etc. as a part of initiation of integrated
farming in the area.

On behalf of other tribal fish farmers of the Island, Mr. Anil Misty, Secretary, Wild
Life Protection Society of India had requested Dr. P. Jayasankar, Director, ICAR-
CIFA to adopt additional 29 beneficiaries’ ponds (2.295 ha water area) under the
same programme. The institute was agreed to the proposal, and beneficiaries were
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taken in to the TSP programme as second adoption in the scheme and provided all
necessary inputs for initiation of scientific fish culture as in the case of first adoption.

Second phase of adoption was officially launched in Bali Island on 26 July 2013 by
the Hon’ble Secretary, DARE, Govt. of India and DG, ICAR. The dignitaries present
in the occasion were Dr. S.D. Singh, ADG, Inland Fisheries, ICAR; Dr P. Jayasankar,
Director, ICAR-CIFA; Dr B. Saha (IAS), Director of Fisheries, Govt. of West Bengal;
Mr. F. Lepcha, Additional  Director of Fisheries, Govt. of West Bengal; scientists of
ICAR-CIFA and ICAR-NBSSLUP, Salt Lake, Kolkata. Shri. Anil Mistry, Secretary,
Wild Life Protection Society of India; Dr P.P. Chakrabarti, Scientist-in-charge, RRC
of CIFA, Rahara/ Kalyani; Dr B.C. Mohapatra, Principal Scientist & Chairman, TSP,
ICAR-CIFA; Dr Kuldeep Kumar, Principal Scientist (Retd.), and other staffs from
ICAR-CIFA were also present. Hon’ble DG, ICAR along with the dignitaries visited
few adopted ponds and FRP carp hatchery unit, where induced breeding of carp
was successfully done for the first time in entire Sunderban Island. Necessary inputs
for fish culture like cast net, hundi, happa, fish seed, fertilizer, lime, feed and
manure, in addition to saplings of jujube, lemons, etc. and seedlings of vegetables
like cauliflower, cabbage, etc. were distributed to 29 beneficiaries of the second
phase in the Island. All the dignitaries had participated in the netting of fish
ponds and were impressed to see the growth of fish from fingerling size to about
300-400 g within just 3-4 months. Dignitaries present on the occasion expressed
their happiness and congratulated ICAR-CIFA for initiating such a noble
programme in this remote Island.

Table  4: List of adopted beneficiaries in 1st Phase
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Table 5: List of adopted beneficiaries in 2nd Phase
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Table 6: List of adopted beneficiaries in 3rd Phase for duck-cum fish farming
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Soil water analysis of ponds
Physico-chemical characteristics of pond waters of Bali Island are given in the Tables
7 and 8. Soil map of the Island is given in Figure 2.

Figure 2. Soil of Bali Island
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Table 7: Physico-chemical characteristics of individual pond waters
1st Phase adoption
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2nd Phase adoption

Table 8: Summary of physico-chemical characteristics of pond waters of Bali
Island

Parameters Value in range
pH 6.8 - 7.8
CO2 (mg/l) 4 - 12
Dissolved oxygen (mg/l) 2.4 - 8
Total hardness (mg/l) 88 - 132
Total alkalinity (mg/l) 24 - 60
PO4-P (mg/l) 0.025 - 0.05
Available N (mg/l) 0.1
Salinity (%o) 0.8-1.5
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ESTABLISHMENT OF FRP CARP HATCHERY UNIT

One FRP carp hatchery unit of capacity 10 lakh spawn production per operation
was  installed in Bali Island for breeding and seed production of carps. The unit has
the following components.

Breeding / spawning pool

The spawning pool is cylindro-vertical in shape with 2.15 m diameter, 0.9 m height,
1:22 bottom slope and 3409 litre water holding capacity (operation capacity: 2950
litre) with the provision of water circulatory system and shower. The flow rate
during egg collection is maintained 1.0-1.5 l/sec. Water supply to the pool comes
from the overhead tank placed at a height of 2.0 m from the hatchery floor. To
provide water circulation inside the breeding pool, 5 numbers of 15 mm diameter
rigid PVC elbows, carrying nipples are fitted in the same direction. A single point
water inlet of 25mm diameter is also fitted at the sidewall of the pool bottom. All
the water inlet pipes are interconnected and fitted with individual full-way valves
to regulate the flow of water. One shower is provided at the top of the pool for
better aeration.

Egg / spawn collection tank

The egg / spawn collection tank is rectangular size of 1.0 x 0.5 x 0.5 m and water
holding capacity of 250 litre. The water level in the tank during operation is
maintained at a height of 0.45 m (net water volume 225 litres) by fixing the drainpipe
of 63 mm diameter at a distance of 38.7 cm from the bottom. Cotton inner hapa of
the tank size is fixed inside to collect egg/ spawn from breeding/ incubation pool,
respectively. Spawn is collected after 4th day from the incubation pool.

Hatching / incubation pool

The hatching or incubation pool is of 1.4 m diameter and 0.98 m height to rear the
hatchlings; 1400 litre total volume and 1200 litre net egg incubation volume with a
FRP inner chamber (0.4 m diameter and 90 cm height covered with nylon bolting
cloth of 0.25 mm mesh to filter the excess water to the drain), water supply system
through six numbers of 15 mm diameter duck-mouths fitted at the bottom of the
hatchery at 45o angle. It has drainage outlets at the centre and at the outer chamber
of the pool. About 10-12 Lakh eggs can be incubated per operation using this FRP
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carp hatchery. The flow rate in the pool during operation is maintained at 0.3-0.4 l/
sec.

Water storage tank

Water storage tank of capacity 2000 litres is constructed to operate the hatchery
unit. The water lines from it are connected to the breeding and hatching pools. One
1.0 HP pump set is used to fill the storage tank periodically to supply water to
hatchery continuously.

FRP carp hatchery installation at Bali

Induced breeding in FRP carp hatchery

Carp breeding and operation of FRP hatchery were demonstrated to the beneficiaries
of the Island in July 2013. The team from ICAR-CIFA consisted of Dr B.C. Mohapatra
and Dr P.P. Chakrabarti, Principal Scientists; Mr. Subas Mondal, Ex- Technical
Officer; Mr. D. Majhi, Technical Officer and Mr Arnav Ghosh. This demonstration
was first of its kind in the Island. In the trial run drawing water from a bore well to
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the hatchery, only 0.4 lakh Labeo rohita (rohu) spawn were produced. Spawning
was successful, fertilization was cent percent, but survival of hatchling was poor
(less than 20%) due to high water hardness. This problem was rectified by installation
of an overhead tank connected to a nearby pond for water supply to the hatchery.
In July (during the peak of monsoon), in the first regular operation of the hatchery,
4.5 lakh rohu spawn were produced and stocked for fry production in the farmer’s
field. Around 1.0 lakh fingerlings were produced from the reared fry. Similar
breeding operations were continued in 2014 monsoon.

During July - August 2015, induced breeding programmes of Indian major carps
(rohu, Labeo rohita and catla, Catla catla) and Indian minor carp (bata, Labeo bata)
were conducted in the established FRP hatchery and 18.5 lakh spawn were
harvested. In this experiment spawning fecundity of rohu was found to be 0.88-
1.0 lakh, catla 0.95 lakh and bata 1.1-1.3 lakh egg/kg bodyweight of female fish.
Time for completion of egg hatching was found more or less similar in rohu 920-
970 minutes, catla 965 minutes and bata 940-990 minutes. Percentage of spawn
survival from egg release was calculated to be 85.5-92.5 % in rohu, 84.5 % in catla
and 86.5-90 % in bata. Spawn production per kg female body weight (lakh) was
found similar for all the experimented fishes i.e., rohu 0.74-0.88 lakh, bata 0.86-1.2
lakh and catla 0.66 lakh.

Table 9: FRP carp hatchery operation data from Bali (in 2015)
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FRP carp hatchery operation at Bali
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GROW-OUT CARP CULTURE
During ‘Aila’ the saline river water caused mass mortality of native fish germplasm
in the Island. Tribals could not grow fishes in spite of having their own water bodies.
Twenty two ponds of tribal farmers totaling to 2.56 ha water area were taken in the
first phase of demonstration of composite fish culture. Stocking density of rohu,
catla, mrigal was @ 6000 nos/ ha and the ratio of stocking was 4:3:3 respectively.
Initially stunted yearlings of rohu (30g/15cm); catla (70g/17cm) & mrigal (65g/
18cm) were stocked along with Labeo bata @ 2,000 nos/ha with average size of
stocking 18g/10cm. Regular feeding in hanging bamboo baskets was done in ponds.
Sinking pellet feed was given @ 1-2% of the body weight of cultured fishes. Regular
manuring with raw cow dung @ 8,000 kg/ha/yr (as equal monthly installments),
SSP @ 400 kg/ha/yr (as equal fortnightly installments), Urea @ 200 kg/ha/yr (as
equal monthly installments) was done along with lime application @ 400 kg/ha/yr
(in equal monthly installments). A gap of 15 days was maintained in between lime
and SSP applications. Monthly netting was made to assess the fish growth as well
as for bottom racking. For this monitoring, each tribal beneficiary was provided
with net, hundi and other critical inputs. The entire process made the tribals busy
in fish culture activities. Thus, intruding to the forest for their alternative livelihood
was almost stopped.

Fish harvest was 4.3–4.9 t/ha/yr (averaging to 4,600 kg/ha/yr) from a benchmark
production of less than 1 t/ha/yr (800 kg/ha/yr). The net production achieved
was 3.8 t/ha/yr. On 11 March 2014, Fish Harvest Mela was organized at Hathkhola
Village and witnessed by the Scientists and Director from ICAR-CIFA; ICAR-CIFE
& ICAR-CARI. This success was achieved in 2014. In 2015, the supplies of critical
inputs were stopped from ICAR-CIFA. The farmers continued the fish culture
activity in 2015 in their ponds investing in inputs from their savings and the fish
production recorded was 3-3.5 t/ha/yr.
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Table 10 : Summary of fish production in 1st Phase adoption

1 No of adopted ponds / beneficiaries in 1st Phase 22
2 Total water area 2.56 ha
3 Date of stocking of fish 13.03.2013
4 Average size of the pond 0.116 ha
5 Duration of demonstration of the programme 1 year
6 Production of fish before ICAR-CIFA’s 0.7-0.9 t/ha/yr

intervention
7 Date of final harvesting 11-13 March 2014
8 Total production of fish 11.203 tonnes
9 Production of fish after demonstration 4-6 t/ha/yr

Table 11: Final harvest report of 22 ponds of 1st Phase adoption
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Table 12: Summary of fish production in 2nd Phase adoption

1 No of adopted ponds / beneficiaries in 2nd Phase 29
2 Total water area 2.295 ha
3 Time of stocking of fish July 2013
4 Average size of the pond 0.1 ha
5 Duration of demonstration of the programme 1 year
6 Production of fish before ICAR-CIFA's intervention 0.7-0.9 t/ha/yr
7 Time of final harvesting July 2014
8 Total production of fish 8.710 tonnes
9 Production of fish after demonstration 4-6 t/ha/yr

Table 13: Final harvest report of 29 ponds of 2nd Phase adoption
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Demonstration of growout carp culture
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INTEGRATED AQUACULTURE

To integrate with aquaculture, saplings of jujube and lemon, and seedlings of
vegetables like cauliflower and cabbage were distributed to all beneficiaries.
The pond bundhs were used to grow them. In order to increase the productivity
and profit per unit area, we designed low cost duck houses and 760 nos ducklings
of Khaki campbell were provided to 38 beneficiaries of the Island covering 3.0 ha
water area in the month of September, 2013. In this demonstration those farmers
who had made their duck houses with locally available materials like bamboo,
wood, etc. with the help of ICAR-CIFA were adopted. Training was also
conducted for the beneficiaries about duck-cum-fishery, rearing of duck and
their maintenance. Initially, ducks were administered with plague and cholera
vaccines. The beneficiaries were provided with feeder, drinker and initial feed
for 1 month for the ducks. The ducklings matured and started laying eggs from
middle of January 2014.

Duck-cum-fish culture demonstration
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Table 14 : Meat & egg production from docks in one year at Bali
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The tribal farmers received a profit of Rs. 5.25 lakh – Rs 2.45 lakh = Rs. 2.8 lakh per
year from 3 ha water area using 38 duck houses.

IMPACT OF THE DEMONSTRATION

Technology dissemination and adoption
Aquaculture technologies were disseminated to all 51 adopted beneficiaries by
organizing regular group discussions, on-site demonstrations and trainings. Village
level demonstrations were given to them on carp brood raising, seed production
and rearing, grow-out carp culture and integrated aquaculture.

Productivity enhancement
During our initial survey of the ponds, the production of carps from ponds was
reported to be less than 1.0 t/ha/year. After ICAR-CIFA’s intervention through
demonstration programmes, the production had gone up to 4.6 t/ha/year.
Income enhancement
Fish farming is one of the most profitable and dependable source of income in
agricultural production system. Most of the adopted farmers under this programme
were benefited both in terms of fish production and additional income. The income
from the total additional fish production (4600 kg harvest – 800 kg initial production
multiplied by Rs. 120/= per kg) was calculated to be Rs 4,56,000/ ha. In the initial
year ICAR-CIFA had provided the inputs. In the next years the farmers would
incur the costs of inputs from the profits gained from the first year aquaculture.

Considering the income from fish sale, tribal farmers got Rs.120 per kg x additional
production of 3,800 kg per hector x 4.55 ha pond area (total adoption) = Rs.22,13,880
in one year. So, a total income of Rs (22,13,880 from fish harvest + 5,25,000 duckery)

Table 15 : Economics of duck rearing

Cost of duckery Earnings  from duckery (expected in 1 year)

Items Amount Items Amount
(in lakh Rs) (in lakh Rs)

Duckling 0.25 Ducklings (320 female) 240 egg/yr/
bird Egg: 0.77 lakhs @ Rs.4/egg 3.08

Shade 1.52

Tray 0.095

Feed 0.59 Meat 640 x 2 kg1280 kg x Rs 170 /kg 2.176

Total
Investment 2.45 Total income 5.25
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or Rs.27,38,880 was earned by the tribals from adoption of growout and integrated
aquaculture. Considering 50% as profit the farmers got Rs.13,69,440 profit as a whole.
By introduction of this integrated duck–cum-fish culture, tribals got an alternate
livelihood option, which will resist them from intruding into the forest at the cost
of their lives. More over tribals were supplied with few agri-horticultural plants
for plantation in their fallow land as a source of their nutrition security.

Supply of agri-horticultural plants to the beneficiaries

Nutritional improvement

The tribal people from the Island who were unable to get one square meal a day are
benefited in terms of nutritional security. Rice and fish are the main food for the
tribals of the Island.

Sustainable livelihood improvement

Livelihood system in the Bali Island was not sustainable as the inhabitants were
depending more on forest and natural water bodies for fish capture. But, with the
introduction of  land based activities, the dependence on the natural resources has
reduced considerably which has reduced the vulnerabilities to attack of tiger and
crocodile. Implantation of the stocks of fish and duck has strengthened the
biodiversity of the Island which will support sustainable livelihood activities.
Pisciculture has not only added to their net family income, but also, provided them
an alternative source of income generation. After intervention, the production level
and income have increased three to four folds in the Island. Moreover, with a
significant increase in the income, farmers are interested in continuation of the
technology that will improve sustainability of the activities in future. This will help
to adopt Bali as a model of agricultural development in entire Sunderban region.

It has been calculated that after intervention of ICAR-CIFA with supply of inputs
the alternative livelihoods contributed 71% (Fish 57% and duckery 14%) of the family
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income among the adopted households. So it can be recommended that if they
save 50% of their profit they can easily make the system sustainable by stocking
fish for composite fish culture.

Adoption of model by other departments

Interventions of ICAR-CIFA has created an alternative livelihood for poor people
of Bali Island which resulted a remarkable reduction of poaching in nearby reserve
forest and drastic reduction of human casualties. Dept. of Forest, Govt. of West
Bengal also sent a team to Adivasipara, Bali Island, Sunderban to interact with the
villagers regarding the success of the project. Being fully satisfied, the Forest Dept.,
W.B. requested ICAR-CIFA to replicate the same model in other Islands. It was
informed that the operational costs of the said programme will be borne by the
Forest Department. Accordingly ICAR-CIFA intervened in Satjelia Island, where
integrated aquaculture was initiated in 12 ponds integrating with duck. Ducklings
were provided during April, 2014. Dr. A. Mankar, DDF, Sundarban Tiger Reserve
along with representatives of IUCN and Dr. P.P. Chakrabarti visited Satjelia Island
for assessing the fish growth. On request from the Forest Department,  Indian major
carps were also stocked in the beneficiaries’ ponds at Gosaba, Pakhiralay and
Sajnekhali Islands of Sunderban in August, 2014. IMC fingerlings were supplied
from Bali Island to Kumurimari Island for stocking in a sweet water canal of 500 m
length and 15 m width. Growth assessment was conducted on 25 November 2015.
in all Island the technology gave good results.

During 23 and 24 April, 2014 the Principal Chief Conservator of Forest;
Additional PCCF and Director, Sunderban Biosphere Reserve; Chief Conservator
of Forest and Field Director, Sunderban Tiger Reserve; and other forest officials
of West Bengal had attended a Workshop-cum-Interactive Session with the
beneficiaries of TSP-CIFA; and Bali Nature Club and Wildlife Protection Society
of India at Bali. From ICAR-CIFA side Dr B.C. Mohapatra, Principal Scientist
and Chairman, TSP gave a power point presentation on ICAR-CIFA
demonstration programmes at Bali to the participants of the workshop.
Motivated with the success of TSP-CIFA, the Sunderban Biosphere Reserve in
collaboration with ICAR-CIFA has adopted different villages from the
Sunderban fringe area for integrated fish culture programme. In a letter, Mr.
Pradeep Shukla, IFS, APCCF and Director, Sunderban Biosphere Reserve had
requested Dr. S. Ayyappan, Honorable Secretary, DARE and DG, ICAR for
implementation of ICAR programmes and for transforming technologies for
development of agriculture, aquaculture and  livelihood activities in other
remote areas of Sunderban Biosphere Reserve.
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Adoption of ICAR-CIFA technology in different Islands of Sunderban through
Forest Department, West Bengal
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CONDUCT OF CONSULTATION WORKSHOP

Indian Council of Agricultural Research (ICAR) and its Central Institute of
Freshwater Aquaculture (CIFA) had organized a Consultation Workshop on
“Development of Action Plan for Livelihood Options at Bali Island of Sunderban”
on the occasion of Gandhi Jayanti (2 October 2013) with an objective of developing
strategy for intervention of ICAR in the development of remote and underdeveloped
Islands of Sunderban. The programme was presided over by Dr S. Ayyappan,
Hon’ble Secretary, DARE (Govt. of India) & Director General, ICAR. Twenty nine
ICAR research institutes had come together for dissemination and adaptation of
their respective technologies in environmentally and socially challenging regions
like Sunderban. Improvement in the production and productivity in the region
would enable the people to depend less on the forest for their livelihood, thereby
reducing the risk involved in the frequent exposure to ferocious Bengal tigers in

TRAINING PROGRAMMES
Events Duration

Training programme on “Seed production and  2-6 July 2013
culture techniques of carps and SIFs’

Workshop jointly organized by the Sunberban 23-24 April 2014
Tiger Reserve, Dept. of Forests, Govt. of West Bengal
and Wildlife Protection Society of India

Training programme on “Carp breeding and fish 6 -7 August 2014
health management”

Training programme on “Fish breeding and seed 4-5 August 2015
production in FRP carp hatchery”
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forest and crocodiles in rivers. This venture would provide alternative livelihoods
with better adaptive capacity to face vagaries and uncertainties of natural calamities
and climate change.

The ICAR top management participated in the consultation workshop included Dr
S. Ayyappan, Hon’ble Secretary DARE and DG, ICAR; Shri Aravind Kausal,
Secretary, ICAR and Additional Secretary DARE; Dr A.K. Sikka, DDG (NRM); Dr
K.D. Kokate, DDG (Extension); Dr. K.M.L. Pathak, DDG (Animal Science); Dr (Mrs)
B. Meenakumari, DDG (Fisheries); Dr D. Rama Rao, National Director, NAIP;
Directors from CARI, Port Blair; NIRJAFT, Kolkata; CRIJAF, Barrackpore; CIFT,
Cochin; CIFE, Mumbai; DRWA, Bhubaneswar; CIAE, Bhopal; ICAR Research
Complex, Barapani, Meghalaya; ICAR Research Complex for Eastern Region, Patna;
CIFA, Bhubaneswar; PDFSR, Modipuram; CSSRI, Karnal, Haryana; Directorate of
Water Management, Bhubaneswar; NBSS & LUP, Nagpur; IARI, New Delhi; CARI,
Bareilly; NRC on Agro Forestry, Jhansi; DCFR, Bhimtal, Uttrakhand; Zonal Project
Directorate, Kolkata; NBFGR, Lucknow; Central Institute for Research on Goat,
Makhdoom; IVRI, Bareilly; NDRI, Karnal; National Institute of Abiotic Stress; CRRI,
Cuttack; CIBA, Chennai; CMFRI, Cochin; CIFRI, Barrackpore and Project Directorate
on Poultry, Hyderabad. Officials from West Bengal Fisheries Department, members
of Wildlife Protection Society of India (WPSI), various other senior officials, KVKs,
NGOs and the villagers were present on the occasion. Dr. Bhargava, ICAR GB
member and Swami Sibapurnananda (Prakash) Maharaj of Ramkrishna Mission,
Belur Math were also present.

The programme was organized in three sessions. In the first session, DG ICAR and
other delegates visited the village, treading the arduous muddy road to the pond
sites where ICAR-CIFA technologies were implemented by beneficiaries; in the
second session, delegates interacted with village community on livelihood options
related to agriculture, livestock and fisheries. In the third session, DG ICAR reviewed
and developed Action Plan for improvement of livelihood of Bali Island and
utilization of TSP fund in the respective institutes for livelihood promotions in the
tribal areas in India during the 12th Plan. Farm implements supplied by CIAE,
Bhopal; CRRI, Cuttack, value added products prepared by women folks; etc. were
also exhibited.

While welcoming the grand assemblage of policy makers, research managers, and
other stakeholders, Director ICAR-CIFA, Dr. P. Jayasankar thanked the DG ICAR
for making this event possible, and hoped that this ICAR endeavor would provide
succor to the poverty stricken and hapless villagers of Bali. Shri Aravind Kausal,
Secretary, ICAR urged the officials to draw inspiration from Mahatma Gandhi and
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Swami Vivekananda to uplift the under privileged community through concerted
efforts. Dr S. Ayyappan hoped that Bali would become a model for other backward
and under developed regions for their development. He had a word of praise for
ICAR-CIFA for initiating this programme through its Tribal Sub Plan (TSP) scheme.
The DDGs and Directors of various institutes had also expressed their opinion and
offered unstinted support for any developmental activity in the region. They
discussed and deliberated a wide range of strategies and action plans. The
consultation meeting recommended four important action points for the
development of Bali:

Integrated farming

Screening of diseases before introduction of new livestock

Development of marketing system

Input and output management in the island

Considering the above points, DG ICAR opined that strategically a strong
coordination was required to implement all these programmes; Institutes of ICAR
like CSSRI, CRRI, NDRI, IVRI, CIFRI and CIFA could form a group and in association
with ZPDs shall formulate, implement and monitor the entire programme. A
committee consisting of above institutes would be formed under the chairmanship
of DDG (Fy.) with ICAR-CIFA as lead institute in implementing the strategy for
the development of the island. In the coming 2-3 years, maximum attention would
be paid to the Island to show the impact of the ICAR technology in the disadvantaged
and fragile ecosystem. A systematic documentation of the activities and impact
will be carried out.

Consultation workshop held in Bali Island on 2 October 2013
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RECOGNITIONS

Dr P.P. Chakrabarti, Dr B.C. Mohapatra and Dr K. Kumar received Letter of
Appreciations from Fisheries Division, Indian Council of Agricultural Research,
New Delhi for exemplary team work for “Development of Action Plan for
Livelihood Options at Bali Island of Sunderban” in West Bengal and taking
efforts in a difficult tribal area like Bali, to improve the lives of the poor families
in 2012-2013.

Dr. P.P. Chakrabarti & his team received the Special Appreciation Award-2013 from
ICAR-Central Institute of Freshwater Aquaculture, Bhubaneswar, Odisha for
livelihood development of tribal community of Bali Island through aquaculture.

ICAR-CIFA received Letter of Appreciation on 16/05/2016 from the Chief
Conservator of Forests and Field Director, Sundarban Tiger Reserve, West Bengal
for developing the livelihood of the inhabitants of the Island through
implementation of different aquaculture techniques.

List of enclosures as Annexure
Annex. 1 Request received from Bali Nature and Wildlife Conservation

Society for adoption of Bali Island, under TSP, ICAR-CIFA

Annex. 2 Proof showing that the Hathkhola village has more than 80%
tribal population

Annex. 3 Request from Director of Fisheries, Government of West Bengal
requesting ICAR-CIFA for adoption of other Blocks of West
Bengal under TSP

Annex. 4 Request from Deputy Field Director, Sunderban Tiger Reserve
to ICAR-CIFA for adoption of Bali success story in other Islands

Annex. 5 Letter of Additional PCCF and Director, Sundarban Biosphere
Reserve, West Bengal thanking Secretary Dare & DG ICAR for
implementation of integrated aquaculture in Bali Island

Annex. 6 Request of Deputy Field Director, Sundarban Tiger Reserve for
technical guidance to implement Freshwater aquaculture in
Kumurmari  Island
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Annex. 7 Letter of Appreciation from Fisheries Division of ICAR to the
ICAR-CIFA team

Annex. 8 Special Appreciation Award-2013 from ICAR-CIFA to Dr. P.P.
Chakrabarti & his team for livelihood development of tribal
community of Bali Island through aquaculture

Annex. 9 Letter of Appreciation from the Chief Conservator of Forest &
Field Director, Sunderban Tiger Reserve for successful
implementation of different aquaculture techniques in Bali
Island

Annex. 10 News published in Fishing Chimes on inauguration of Bali
programme

Annex. 11 News published from ICAR on “CIFA Livelihood support
programme in Bali inaugurated”

Annex. 12 News on Consultation Workshop organized at Bali Island of
Sunderban published from ICAR

Annex. 13 News on Consultation Workshop held at Bali published in
Fishing Chimes

Annex. 14 Bali Success Story News appeared in the Anandabazar Patrika
on 18-08-2015
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Annexure - 11
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Annexure - 12
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Annexure - 13
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Annexure - 14
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