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Foreword
Sundarban is highly vulnerable to climate induced risks like sea level
rise, saline water intrusion, temperature and rainfall variations, land
erosion, cyclones, storm surge etc. Aquaculture is considered as one of
the major livelihood options for the peoples of Sundarban. Building the
resilience to climate changes and uncertain future hazards is the strategy
for enhancing the adaptive capacity of fish farmers. With this background
the project entitled “Development of Climate Resilient Aquaculture
Strategies for Sagar and Basanti Blocks of Indian Sundarban” was
awarded to West Bengal University of Animal and Fishery Sciences
under sponsored research component of NICRA (National Initiative on
Climate Resilient Agriculture). It gives me immense pleasure to learn
that the project team has taken an endeavour to publish “Research
Highlights 2011-13” which envisages the different research activities
undertaken, their progress and achievements during last two years. I
congratulate all the members associated with this project for bringing out
this excellent publication.
(Prof. C. S. Chakrabarti)

Preface
The biggest challenge of today to the mankind is the climate change
throughout the globe. The existence of human civilization would be at
stake if this challenge is not fought with wisdom from all concern.
National Initiative on Climate Resilient Agriculture (NICRA) is a project
of such kind which aims to enhance resilience of Indian agriculture to
climate change and climate vulnerability through strategic research and
technology demonstration. I am thankful to ICAR for awarding the
project entitled “Development of Climate Resilient Aquaculture
Strategies for Sagar and Basanti Blocks of Indian Sundarban” to our
University and giving us opportunity to conduct some research works for
the benefit of the fish farmers of Sundarban. The fish farmers of
Sundarban are already the facing the problems related to salinity
intrusion due to climate change. The short term vulnerability of the
region from climate related events has been amply demonstrated in 2009
by the devastating cyclone Aila, which has seriously affected the live and
livelihood of the people. I praise the project team members for bringing
out this publication based on research findings which will be useful for
sustainable development of Sundarban, the largest delta of the world.

(Prof. S Biswas)
Director of Research, Extension & Farms, WBUAFS
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Dr. B K Chand
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Preface
The project entitled “Development of Climate Resilient Aquaculture
Strategies for Sagar and Basanti Blocks of Indian Sundarban” has been
awarded to West Bengal University of Animal and Fishery Sciences
under sponsored research component of NICRA (National Initiative on
Climate Resilient Agriculture). The Sundarban region's low elevation
above sea-level and proximity to the coast make it very much vulnerable
to climate change. I congratulate the project team members for bringing
this Research Highlights based on detailed project activities.

(Prof. K C Dora)
Dean, Faculty of Fishery Sciences, WBUAFS

Project Implementations
The Project has been implimented and running successfully in four sites,
Viz., Faculty of Fishery Sciences, Chak Garia Campus; Mohanpur
Campus, Nadia; S.D. Marine Biological Research Institute, Sagar island;
Jharkhali Fish Farm Complex, Sundarban Development Board.

Sundarban
A Fragile Eco-Region

Sundarban
Sundarban, the estuarine delta of Ganges-Brahmaputra river systems, is the
largest delta in the world and a UNESCO World Heritage site. It is located in
West Bengal state of India and neighbouring country of Bangladesh (between
21032’N-23031'N latitude and 88010'E- 92015'E longitude). The entire
Sundarban eco-region is about 26000 sq. km, the one-third of which falls in
India. With its array of mangrove vegetation and diverse wildlife, the
Sundarban is a showpiece of natural history and a habitat of tiger. The
biodiversity of this unique ecosystem comprises various species of fauna,
including about 120 species of fish, olive ridley turtles, sharks and crocodiles.
The Indian part of Sundarban is comprised of 102 islands; of which 54 islands
are inhabited by human where more than 45 lakhs people live and the rest is
reserve mangrove forest. The Indian region is demarcated by the river
Hooghly on the west, the Bay of Bengal on the south, the Ichamati-Kalindi Raimongal rivers on the east and the Dampier-Hodges line on the north. It
comprises of 19 administrative blocks of which 6 in North and 13 in South 24Parganas districts with total 190 Gram Panchayats and 1064 villages. The
blocks under North 24 Parganas are Hingalganj, Hasnabad, Sandeshkhali I,
Sandeshkhali II, Haroa and Minakhan. Similarly, the blocks under South 24
Parganas are Sagar, Namkhana, Kakdwip, Patharpratima, Kultali, Mathurapur
I, Mathurapur II, Joynagar I, Joynagar II, Canning I, Canning II, Basanti and
Gosaba.

Climate Change Trend in Sundarban
v In Sagar island, Relative Mean Sea Level (RMSL) rise during 2002-2009
is 8 mm/year (Hazra, 2010)
v Altitude of the Sundarban ranges from sea level to 10m at the most,
varying from place to place.
v Tidal waves are a regular phenomenon and may go up to 7.5 m high,
which may further increase during cyclone and extreme weather events.
v Over last 120 years, Bay of Bengal registered 26% increase in severe
cyclonic storms, intensifying in post monsoon (Singh, 2007).
v During last part of the decade (2007-2009), northern part of Bay of
Bengal has witnessed 4 cyclones Sird, Nargis, Bijli and Aila.
v In the eastern sector, the increase of 6 psu over three decades in salinity
(~2 psu/decade) is much higher than that documented for the average in the
Indian Ocean (0.01–0.02 psu/decade) (IPCC report).
v Most of the salinity increase (3.67 psu/decade) happened during the last
15 years
Surface water temperature is rising at a rate of approximately
v
0.050C/year over the past three decades (Mitra et. al, 2009). This rate is, in
fact, much higher than the observed and documented warming trends in the
tropical Pacific Ocean (0.01–0.0150C/year), tropical Atlantic Ocean
(0.01–0.020C/year) and the planet itself (0.0060C/year).
v It is also observed that during 1993–2007, a higher rate of temperature
increase has been reported as compared to 1980–92.
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Project
CLIMATE CHANGE IMPACT ON FRESHWATER AQUACULTURE OF SUNDARBAN
v Islands of Sundarban are vulnerable to climate change impacts like sea level rise, soil erosion, saline water
inundation as well as extreme climatic events like cyclones, storm and tidal surges. These are bound to bring
changes in aquaculture scenario of the region.
v In changing climatic scenario, fish will be subjected to hazard of temperature and salinity changes which will put
them to various physiological stresses. These effects would also often become synergistic with other adverse like
low pH, oxygen shortfall etc.
v Breach of pond dyke due to storm /tidal surge will cause ingression of saline water into the freshwater ponds, thus
affecting the productivity of the region.
v Aquaculture operations will have to also cope with changed health related risks as a result of climate change.
v Potential shifts in tidal patterns and salinity regimes will have implications for aquaculture prevailing in this
region.

OBJECTIVES OF THE PROJECT
I.

To study the tolerance limits of few selected culture fish species in relation to acute and chronic changes in
abiotic climate change stresses like salinity.

II. To develop climate-resilient aquaculture strategies for better adaptation to conditions brought about through

climate change, notably increased salinity for sustainable production.
III. To strengthen the capacity of fish farmers and supporting institutions to prepare and respond effectively to future

climate-induced emergencies.

Research Hypothesis

India

West Bengal

Increase in intensity & frequency of cyclone and storm surge
due to Climate Change will inundate freshwater fishponds of
Sundarban islands and thereby affecting the production.
Climate-resilient aquaculture strategies will give relief to the
farmers of the region and will help in achieving sustainable
production.

Research Team

Pgs

Pgs

Indian Sundarban

Prof. Amalesh Choudhury, Advisor
Prof. R K Trivedi, Principal Investigator
Dr. B K Chand, Co- Principal Investigator
Dr. S K Rout, Co- Principal Investigator
Mr. Sourabh Kumar Dubey, Senior Research Fellow
Mr. Mirza Masum Beg, Senior Research Fellow
Mr. Utpal Kumar Das, Ph.D. Scholar

Funding Agency
Indian Council of Agricultural Research (Under Sponsored Grants Component of
National Initiative on Climate Resilient Agriculture) Total Fund Outlay: Rs. 125
Lakhs, (Financial Year 2010-11: Rs. 50 Lakhs; 2011-12: Rs. 25 Lakhs; 2012-13: Rs.
25 Lakhs; 2013-14: Rs. 25 Lakhs)

Field Stations
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Activity - I
Benchmark Survey of Fish Farmers

The survey was carried out with the help of the two reputed local NGOs and covered 451 fish farming households (244
households spread across 9 Gram Panchayats in Sagar block and 207 households from 11 Gram Panchayats of Basanti
block of Indian Sundatban). Majority of the surveyed farmers in the two blocks are marginal and small-scale, having
perennial rain-fed fish ponds and practise traditional fish farming with low productivity (< 2250 kg /ha). Brackish
water aquaculture is prevalent only in peripheral areas which are adjacent to river or creek and tide-fed. On the
contrary, freshwater aquaculture is vast, wide spread and rain-fed. In freshwater, composite carp culture is popular,
though in some cases farmers also culture high value Scampi (Macrobrachium rosenbergii) with the carps. Farmers
often culture tilapia (Oreochromis mossambicus and O. niloticus) in fresh and brackishwater with other fish / prawn
for better production. In brackishwater, farmers mostly culture tiger shrimp (Penaeus monodon) with the fishes like
Lates calcarifer, Liza tade, Liza parsia, Mugil cephalus,
Etroplus suratensis, Scatophagus argus etc.

Survey results revealed that the fish ponds in low-lying areas of
Gangasagar, Dhablat, Ramkarchar, Daspara Sumati Nagar and
Ghoramara Gram Panchayats of Sagar block are prone to coastal
flooding. It led to breach of pond dyke, ingression of saline water
into freshwater pond, escape of fish stock from the pond, entry of
other (often unwanted) fish species, fish mortality etc. Basanti
block which is located in eastern sector of Indian Sundarban, is
also prone to cyclone and storm surge. Ponds located at Jharkhali
and Nafargunj Gram Panchayats of Basanti block are sensitive to
saline water
Orientation of Surveyors, Sagar
inundation
during monsoonal storm. Risk analysis of climate induced threats
associated with aquaculture revealed that in both Sagar and
Basanti blocks, farmers considered breach of pond embankment,
mortality of fishes due to saline water ingression as extreme risk;
escape of fish stock and diseases as high risk; entry of unwanted
species, retardation of growth and deterioration of water quality as
medium risk; and damage of pond environment as low risk. To
reduce the threats against saline water ingression, farmers are
taking some coping measures like increase in pond dyke height;
repair and strengthening of dyke; plantation on dyke; dewatering
and addition of fresh/rain water; application of chemicals/ lime/
dung; addition of tree branches in pond for hide outs etc.
Post-Survey Review, Sagar
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Risk assessment of climate change variables
Sagar Block

Basanti Block

Score : 12

Classification of major risks involved in aquaculture due to saline water inundation
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Activity - III
Evaluation on Natural Adaptive Capacities of
Freshwater Species to increasing Salinity

Evaluation of natural adaptive capacities at various salinities (0, 5, 10, 15, 18 & 20 ppt) was conducted for one
month duration to evaluate the adaptive capacity of five species. The results indicate that fishes (P sarana, L. rohita
& C. carpio) tend to naturally adapt till a certain level of salinity (in this case up to 5 ppt) but show significant
retardation in growth at higher salinity (in this case 10 ppt). In case of Macrobrachium rosenbergii (Giant
Freshwater Prawn), it was found that the species tend to naturally adapt till 15 ppt salinity but showed significant
retardation in growth at 20 ppt salinity. Oreochromis mossambicus was found to naturally adapt till 15 ppt salinity.
Specific Growth Rate [SGR (g%d-1)] of few freshwater fish at different salinities

Natural adaptibility study at various salinities
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Activity - IV
Impact of Saline Water Flooding
on Freshwater Species
Saline water flooding (resultant salinities of 5, 10, 15 & 20 ppt) response study was conducted under field condition for eleven
cultivable freshwater species (Labeo rohita, Cyprinus carpio, Puntius sarana, Cirrhinus mrigala, Labeo bata,
Ctenopharyngodon idella, Catla catla, Puntius javanicus, Hypophthalmichthys molitrix, Channa punctatus and
Macrobrachium rosenbergii). Among all the species Macrobrachium rosenbergii was found to be the most tolerant species with
no mortality even at 20 ppt. In case of Channa punctatus, mortality started at 12 hr and complete mortality could be observed at
48 hours of flooding (20ppt). Among rest of the nine species, mortality started immediately after flooding and complete
mortality was observed within 6h of flooding at 20 ppt. No mortality was observed upto 5ppt. At 10 ppt, mortality of Labeo bata
started at 12h and complete mortality was observed at 20h. Likewise in the case of Hypophthalmichthys molitrix, Catla catla,
and Ctenopharyngodon idella, mortality started at 18h, 30h, and 36h and complete mortality was observed at 28h, 40h and 46h
respectively. However, in case of Cirrhinus mrigala mortality started at 28h and 50% of them died within 96h but no further
mortality could be observed. Puntius javanicus showed no mortality at 10 ppt salinity. At 15ppt salinity Labeo bata mortality
started at 6h and complete mortality occurred at 10h. Likewise, in Cirrhinus mrigala and Ctenopharyngodon idella mortality
started at 4h and 6h and complete mortality was observed at 14h and 10h respectively. In case of Hypophthalmichthys molitrix,
and Catla catla mortality started at 8h and complete mortality occurred at 12h. In case of Puntius javanicus, mortality started at
34h but no complete mortality was observed (20% mortality occurred till 96 hour) at 15 ppt. In case of Labeo rohita, mortality
occurred at 15 ppt which started at 16h and complete mortality was observed at 98h. Likewise for Puntius sarana at 15 ppt
mortality started at 16h and complete mortality occurred at 168h. In case of Cyprinus carpio also, mortality started at 16h but no
complete mortality was observed (50% mortality occurred till 168 hour). Amongst the tried species, Macrobrachium
rosenbergii is the most tolerant species and can withstand sudden saline water flooding followed by Channa punctatus, Puntius
javanicus, Cyprinus carpio, Puntius sarana, Labeo rohita, Cirrhinus mrigala, Ctenopharyngodon idella, Catla catla,
Hypophthalmichthys molitrix, and Labeo bata.
Mortality timetable at different grade of saline water flooding
Species
Salinity
L. rohita
P. sarana
C. Carpio
C. mrigala
L. bata
C. idella
Catla catla
P. javanicus
H. molitrix
C. punctatus

Mortality Starting
(hour)

10 ‰
ND
ND
ND
28
14
24
20
Nil
18
Nil
ND denotes no death

15 ‰
16
16
16
4
6
6
8
34
8
34

20‰
1
1
1

Highest Mortality
(hour)
10 ‰ 15 ‰ 20 ‰
ND
ND
ND
34
16
30
28
Nil
26
Nil

22
22
28
10
8
12
12
34
12
42

2
3
12

Complete Mortality
(hour)
10 ‰
ND
ND
ND
168 (50%)
20
36
30
Nil
28
Nil

15 ‰
98
168
168 (50%)
14
10
12
14
168 (20%)
12
168 (10%)

20
4
3
12

Salinitytolerance,
tolerance,
adaptability
level
tolerance
ofe
Salinity
adap
tability level
andand
comcomposite
posite tolerance
rankiranking
ng of som
some aquaculture potential species
aquaculture potential species

Freshwater Species
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Lab eo roh ita
Pun tius saran a
Cyp rinus carpio
M . rose nbergii
Cirrhinus mrigala
Lab eo bata
C. idella
H. molitrix
Catla ca tla
Pun tius javan icus
Cha nna punctatus

M edian
L ethal
S alinity
‰
(M LS 96 h)

11
13
13
24
10
8
9
9
9
17
18

Natural
Adaptability
level to salinity
(‰) und er Lab
co ndition

10
10
10
15
8
5
8
8
8
15
16

Field Ad aptab ility level
(‰ ) un der saline water
floo ding
100 %
mo rtality
(h after
floo ding)
98
16 8
6
Indefinite
14
20
46
28
40
6
48

COM POS ITE
T OLERANCE
RANK

Salinity
level (‰)

15
15
20
20
15
10
10
10
10
20
20

6
5
4
1
7
11
8
10
9
3
2

Saline water flooding

Water volume adjustment

Night sampling

Post- flooding sampling

Post-flooding mortality at 20 ppt
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Activity - V
Post-flooding Growth
Performance of Freshwater Species
Species under saline water flooding response trial
and Post-Flooding G rowth Performance

Labeo rohita*
C yprinus carpio*
C irrhinus mrigala
Puntius sarana*
Macrobrachium rosenbergii*

Labeo bata
Ctenopharyngodon idella
Hypophthalmichthys molitrix
Catla catla
Puntius javanicus
Channa punctatus
*Post-flooding
growth
performance
com pleted
*

Labeo rohita and Puntius sarana exhibited normal growth at 5 ppt salinity as compared 0 ppt. But their
growth was significantly retarded (P< 0.05) at 10 ppt salinity. Cyprinus carpio showed highest growth rates
at 0 ppt followed by 5 & 10 ppt. However no significant differences in final body weights and body weight
gain (%) were observed (P > 0.05) between 10 & 15 ppt during 60 days of experiment which were
significantly lower than 0 & 5 ppt. In case of Macrobrachium rosenbergii the highest growth rates were
obtained in 10 ppt followed by 5, 15 and 0 ppt, but significantly reduced (P < 0.05) in 20 ppt in 60 days
experiment. Based on the above findings, it can be concluded that among the four freshwater species
Macrobrachium rosenbergii had better survivality and growth followed by Cyprinus carpio, Labeo rohita

Water quality monitoring

Plankton sampling
Body Weight Gain (%) of few freshwater species at different salinities
0ppt

500

B)
%
W
(
G
G
(%)
W
B

400

5ppt

300

10ppt

200
100

15ppt

0
P.sarana

L.rohita

C.carpio

Species
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M.rosenbergii

20ppt

18.55 g

19.59 g

37.40 g
(5 ppt)

78.23 g (5 ppt)
L. rohita

C. carpio

M. Rosenbergii

11.43 g

P. javanicus

34.97 g (10 ppt)

L. bata
C. catla

C. mrigala

Fish under on-going post-flooding
growth performance trial

C. idella

H.molitrix
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Growth of brackishwater fish in freshwater at farmer's pond
In one of the farmer's pond, when Penaeus monodon, Macrobrachium rosenbergii and Terapon jarbua
stocked with IMC's, exhibited satisfactory growth (60-70 g, 90-110 g and 55-65 g respectively) in
8 months. It indicates that some of the brackishwater species can also be considered as candidate species
for freshwater aquaculture to promote climate - resilient aquaculture in Sundarban.

6.1 g

55.0 g

Fish health monitoring
Terapon jarbua
0.8 g

66.2 g

Water parameter measurement
Penaeus monodon
3.6 g

108.0 g

Macrobrachium rosenbergii
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Activity - VII
Trials on Aeration as
Adaptation Strategy
Impact of aeration as an adaptation strategy
against different salinities (0, 5 & 10 ppt) was
tried out on two freshwater fish Cyprinus
carpio and Puntius sarana under wet
laboratory condition. The results indicated
that in both species, aeration had positive
effect on growth and survival only at 5 ppt
salinity stress. Hence, aeration has a limited
positive impact against salinity stress and can
be effectively used as an adaptation strategy

Aeration trial being explained
to Dr. B. Venkateswarlu,
Director, CRIDA
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Activity - VIII
Feed Manipulation as
Adaptation Strategy
Feed Manipulation as Adaptation Strategy:
Labeo rohita at 5 & 10 ppt salinity
120

Normal feed
High Energy feed (HE)

B 100
%
W
G 80
G
W
(%)
B

HE & Immunostimulant
HE& Probiotic

60

HE & prebiotics

40
5ppt

Salinity

10pppt

Feed Manipulation as Adaptation Strategy:
Cyprinus carpio at 5 & 10 ppt salinity
70
High Energy feed (HE)

B%
50
W
G
GW
(%)
B 30

HE & Immunostimulant

Normal feed

HE & Probiotic
10
5ppt

Salinity

10pppt

Feed Manipulation as Adaptation Strategy:
O. mossambicus at 10 & 15 ppt salinity
70
Normal Feed

60

)
B
%
W
( 50
G
G
(%)
W40

High Energy Feed (HE)
HE & Immunostimulant

B 30

HE & Probiotic

20
10 ppt

Salinity

15 ppt

High energy feed alone and in combination with
immunostimulant / probiotic / prebiotic were
tried out as adaptation strategies against salinity
stress. Three freshwater fish species; Cyprinus
carpio, Labeo rohita and Oreochromis
mosambicus were included in the trials as test
species. In case of Cyprinus carpio at 5ppt, high
energy feed exhibited significantly (P < 0.05)
better growth than normal feed. Further
improvement in growth was observed when high
energy feed was fortified with either
immunostimulant or gut-probiotics. Similar
trend was found at 10ppt salinity level.
Oreochromis mosambicus fed with high energy
feed at 10 and 15ppt salinity ppt, the
demonstrated significantly (P < 0.05) better
growth than fish fed with normal feed. Further
enhancement in growth was observed when high
e n e rg y f e e d w a s a d d e d w i t h e i t h e r
immunostimulant or gut-probiotics. In Labeo
rohita at 5ppt and 10ppt salinity high energy feed
exhibited significantly better growth (P< 0.05)
than normal feed. Moreover, additives like
immunostimulant / probiotic / prebiotic
alongwith high energy feed further increased the
growth rate in case of salinity stress. From this
trial it can be concluded that high energy feed
fortified with immunostimulant can be
considered for feeding the fish during salinity
stress so that the fish become resilient towards
increased salinity.

Feed
Formulation
Trial
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Publications
&
Programme Participations
Publications

Release of Book during NICRA first annual review workshop, 2012 at CRIDA, Hyderabad

Book
v
Chand B K, Trivedi R K, Biswas A, Dubey S K and Beg M, 2012. Aquaculture in Changing Climate of Sundarban - Survey Report on
Climate Change Vulnerabilities, Aquaculture Practices & Coping Measures in Sagar & Basanti blocks of Indian Sundarban, pp.177.

Research Paper / Article
Chand B K, Trivedi R K, Biswas A, Dubey S K and Beg M, 2012. Study on Impact of saline water inundation on freshwater aquaculture
v
in Sundarban using risk analysis tools. Explor. Anim. Med. Res. 2(2):170-178.
Chand B K, Trivedi R K, and Dubey S K, 2012. Climate change in Sundarbans and adaptation strategy for resilient aquaculture. In
v
CIFRI Compendium on Sundarbans-Retrospect and Prospects: 116-128.

Programme Participation
1. Prof. R.K. Trivedi attended national symposium on "Climate Change and Indian Agriculture : Slicing Down the Uncertainties 2013" jointly organised by Association of Agrometeorologists - AP Chapter and CRIDA at Hyderabad.
2. Prof. R.K. Trivedi, Dr. S.K. Rout & Mr. S.K. Dubey attended Pillay Aquaculture foundation (PAF) Congress on "Public-Private
Partnership in Aquaculture and Culture-based Fisheries -2013" (PAFCPPPA-2013), jointly organised by Pillay Aquaculture
foundation, Inland Fisheries Society of India and Central Inland Fisheries Research Institute at CIFRI, Barrackpore, Kolkata.
3. Prof. R.K. Trivedi & Mr. S.K. Dubey attended Global Symposium on "Aquatic Resources for Eradicating Hunger and
Malnutrition- Opportunities and Challenges" (2012) organized by Asian fisheries Society Indian Branch at Mangalore, Karnataka.
4. Mr. S.K. Dubey attended Ten days Short term training programme (STP) on "Water and Wastewater Treatment and Utilization for
Aquaculture Industry" (2012) at Central Institute of Fisheries education (Deemed University, ICAR), Mumbai.
Participated in
Exhibition held
during National
Symposium on
“Veterinary
Medical Sciences
on Health,
Environment and
Food Security” at
WBUAFS, Kolkata
January 10-11,
2012

Honb’le Vice
Chancellor,
WBUAFS
addressing a
Farmers’ meets at
Jharkhali, Basanti
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