SBOBLME Pub./Rep. 6

Sundarbans Fisheries of Bangladesh:
Current Status and Potentialities

Edited by
M. Enamul Hoq PhD
Project Director
Support to Sustainable Management of the BOBLME Project
Bangladesh Fisheries Research Institute

and
A.K. Yousuf Haroon DSc
National Technical Adviser
Support to Sustainable Management of the BOBLME Project

Support to Sustainable Management of the BOBLME Project

Bangladesh Fisheries Research Institute

Sundarbans Fisheries of Bangladesh: Current Status and
Potentialities
(Based on workshop held on 24 March 2012 at Khulna)

2012

Hoq, M.E. and A.K. Yousuf Haroon (eds.). 2012. Sundarbans Fisheries of
Bangladesh: Current Status and Potentialities. Support to Sustainable Management
of the BOBLME Project, Bangladesh Fisheries Research Institute, Bangladesh. 56 p.

Disclaimer: This publication may be of assistance to you but the authors or the
publisher do not guarantee that the publication is without flaw of any kind or
wholly appropriate for your particular purpose and therefore disclaims all liability
for any error, loss or other consequences which may arise from relying on any
information in this publication.

Printed in Dhaka, Bangladesh

Cover design by Enamul Hoq

ISBN: 978-984-33-5527-0
ii

Acronyms and Abbreviations
ADB
BFDC
BFRI
BWDB
BoB
BOBLME
BOBP-IGO
CCRF
CBO
CZM
ECA
DoE
DoF
DoF
EEZ
ESBN
FAO
FD
GEF
GIFT
GoB
ICZM
IPCC
IUCN
MDG
MPA
MoEF
MoFL
MoWR
MSBN
MSY
NGO
NPOA
SBCP
SLR
SRF
UNDP

Asian Development Bank
Bangladesh Fisheries Development Corporation
Bangladesh Fisheries Research Institute
Bangladesh Water Development Board
Bay of Bengal
Bay of Bengal Large Marine Ecosystem
Bay of Bengal Programme-Inter Governmental Organization
Code of Conduct for Responsible Fisheries
Community Based Organization
Coastal Zone Management
Ecological Critical Areas
Department of Environment
Department of Fisheries
Department of Forest
Exclusive Economic Zone
Estuarine Set Bag Net
Food and Agricultural Organization of the United Nations
Forest Department
Global Environment Facility
Genetically Improved Farmed Tilapia
Government of the People’s Republic of Bangladesh
Integrated Coastal Zone Management
Inter-Governmental Panel on Climate Change
The World Conservation Union
Millennium Development Goals
Marine Protected Areas
Ministry of Environment and Forest
Ministry of Fisheries and Livestock
Ministry of Water Resources
Marine Set Bag Net
Maximum Sustainable Yield
Non Government Organisation
National Plans of Action
Sundarbans Biodiversity Conservation Project
Sea Level Rise
Sundarbans Reserve Forest
United Nations Development Programme
iii

Contents
Present status, harvesting, management and legislation
pertinent to the Sundarbans fisheries
Marufa Akther

1

Status of the Sundarbans fisheries and community-based
management approaches vis-a-vis climate change and
environmental implications
M. Nazmul Ahsan, M. Abdur Rouf and Bhabanada Biswas

14

Conserving cetacean diversity and abundance in the
Bay of Bengal’s northern estuarine, coastal and deep-sea
canyon waters of Bangladesh
M.E. Fahrni and R.M. Mansur

28

Evaluation of climate change and anthropogenic impacts on
biogeochemistry of the Sundarbans
M. Bala Krishna Prasad, Dilip Kumar Datta and Mahmood Hossain

40

A framework for the assessment of climate change impacts on the
Sundarbans productivity: An ecosystem level modelling approach
Md. Golam Rakkibu

45

Research needs for the best management of the Sundarbans in the
context of climate change
A.K. Fazlul Hoque

48

iv

Workshop Report
The Meeting
National Consultation Workshop on the Sundarbans: Review of Current
Status and Potentialities was held in the Conference Room of Hotel Royal
International, KDA Avenue, Khulna on 24 March 2012. The meeting was
organized by the Support to Sustainable Management of the Bay of Bengal
Large Marine Ecosystem project. A total of 50 participants from the
Bangladesh Fisheries Research Institute; Department of Fisheries; Fisheries &
Marine Resources Technology Discipline, Environmental Science Discipline,
Forestry & Wood Technology Discipline & Center for Integrated Study on the
Sundarbans of Khulna University; Department of Forest, Department of
Environment; Bangladesh Cetacean Diversity Project and NGOs actively
participated in the day-long workshop.
Opening Ceremony
The workshop started with recitation from the Holy Quran. This was followed
by a brief Ice-breaking session of self introduction. Inaugural session was
chaired by Dr. Khan Kamal Uddin Ahmed, Chief Scientific Officer, Shrimp
Research Station, Bangladesh Fisheries Research Institute, Bagerhat. The
welcome address and introduction of the workshop was given by Dr. M.
Enamul Hoq, Project Director, Support to BOBLME Project. Dr. Hoq also
elaborated the aims and objectives of the BOBLME project. Later Mr. Profulla
Sarker, Deputy Director, Department of Fisheries, Khulna Division and Dr.
Nazmul Ahsan, Professor & Head, Fisheries and Marine Resources Technology
Discipline, Khulna University spoke few words on the conservation needs and
potentials of the Sundarbans. Chairman wrapped up the inaugural session
emphasizing the deterioration of the Sundarbans and its diversified resources
both due to natural calamity and unwise anthropogenic activities and dire
needs of local integrated and transboundary bilateral management approach
for its optimum conservation and sustenance.
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Technical Session
The technical session was co-chaired by Dr. S.B. Saha, Chief Scientific Officer,
Brackishwater Station, Bangladesh Fisheries Research Institute, Khulna and
Dr. M. Enamul Hoq, Project Director, Support to BOBLME Project. A total of
6 papers were presented in the day-long Technical session. The technical
session started with the presentation of Dr. Md. Nazmul Ahsan, Professor &
Head, Fisheries and Marine Resources Technology Discipline, Khulna
University entitled, Status of the Sundarbans fisheries and community-based
management approaches vis-à-vis climate change and environmental
implications. The second paper entitled, Evaluation of climate change and
anthropogenic impacts on biogeochemistry of the Sundarbans was presented
by Dr. Dilip Kumar Datta, Professor & Head, Environmental Science
Discipline, Khulna University. The third paper on Present status, harvesting,
management and legislations pertinent to the Sundarbans fisheries was
presented by Ms. Marufa Akther, Deputy Conservator of Forests, Forest
Department, Khulna. The fourth paper on Conserving cetacean diversity and
abundance in the Bay of Bengal’s northern estuarine, coastal and deep-sea
canyon waters of Bangladesh with local communities and institutions was
presented by Mr. Zahangir Alom, Coordinator, Bangladesh Cetacean
Diversity Project, Sonadanga, Khulna. Dr. Md. Golam Rakkibu, Professor &
Head, Forestry & Wood Technology Discipline, Khulna University presented
the fifth paper on A framework for the assessment of climate change impacts
on the Sundarbans productivity: An ecosystem level modelling approach. The
last paper was on Research needs for the best management of the Sundarbans
in the context of climate change and was presented by Professor A.K. Fazlul
Hoque, Director, Center for Integrated Studies on the Sundarbans (CISS),
Khulna University.
With excellent stewardship of the session chairman and after presentation and
subsequent thread-bare discussion of all the papers the review, comments and
recommendations so far prepared were again placed for open discussion at the
end of the Technical session. After thorough and critical review, the following
recommendations were adopted by the participants of the consultation
meeting. Session chairman wrapped the Technical session with few words on
the necessity of the Sundarbans for our environment, as a carbon sink and as
the livelihood source for millions of our poor coastal people.
vi

Recommendations
Fisheries
•
•
•

•

Strong surveillance on the cod end mesh size (should be at least 30 mm) of
nets operating in the SMF is essential to escape juvenile fish and shrimps.
Most of the fish stocks in the SRF are treated as ‘straddling stock’; hence
the SMF must have a comprehensive fishery management & conservation
plan.
Department of Forest has no comprehensive management plan for the
SMF fishery resources, it looks to the fishery only for increased revenue
and the present increased trend of revenue seems to be due to recently
revised tariff.
Ban behundi net inside the SMF and more surveillance and logistics is
required to monitor and patrol the fishery resources.

Environment
•
•
•
•

•

Sea level rise and inundation/loss of the Sundarbans mangrove forest
versus new land accretion is still doubtful, this needs thorough and
authentic study.
Work on the acidification of SMF water Bangladesh part is needed as
Indian works reflect acidification of their SMF part.
Flux tower is to be established in the SMF and MAESTARA model
should be followed for getting reliable data on C sequestration/C sink of
the SMF.
Development of greater understanding about the mangroves of the
Sundarbans. Studying growth, ecology and reproduction biology of
important mangroves and assessment of adaptation/tolerance of different
mangrove species to environmental stresses.
Environmental mitigation measures, viz. increased freshwater flow,
dredging of rivers, are needed for the sustenance of the SMF.
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Biodiversity
•

•

Bangladesh is now recognized as the global hotspot for dolphins and in
response to that Government has now declared 3 sanctuaries for the
dolphins. Strong measures should be taken by the Forests and Fishery
departments to conserve the sanctuaries as it meant for.
Monitoring impact of environmental changes on the flora and fauna in the
Sundarbans. For example, impact of increased salinity on fish diversity.

Policy
•
•

•
•
•
•

More monitoring, control and surveillance (MCS) should be employed for
the conservation of protected areas.
Department of Forest being the sole authority for the management of the
Sundarbans including its fishery must have a comprehensive fishery
management plan with official coordination with the Department of
Fishery.
Department of Forest in collaboration with the Department of Fishery
should have management plan for the SMF and its 20 km off-shore marine
zone.
Capacity building on awareness and alternative income generating
activities (AIGs) for the coastal poor is a must for the conservation and
sustenance of the SMF.
Consequently short-term applied researches, e.g., determination of yield,
assessment of the efficiency of silvicultural techniques, etc. are also
overwhelmingly important.
Strategic bi-nation (Bangladesh-India) action plan is essential for the
conservation & sustenance of the SRF.
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Introduction
The Sundarbans Reserve Forests of Bangladesh, the largest continuous mangrove
forest of the world, is one of the most important coastal features of the country. The
Sundarbans is situated in the south-west of Bangladesh. It lies between 21° 39′ to 22°
30′ north latitude and 89° 01′ to 89° 52’ east longitude. Its area is about 6017 km2. It
contains 44% of total forest in Bangladesh. Out of which 69% is land and rest 31% is
water bodies. It is declared as a reserved in 1878. The UNESCO world Heritage
Committee declared the Sundarbans as its 798th heritage site on the 6th December
1997 under category (ii) and (iv) of the convention. Identified as a wetland of
international importance, the SRF was designated as a Ramsar Site on 21 May, 1992
by Ramsar Convention.
Fishery of the Sundarbans
The mangrove water, usually rich in detritus are highly suitable for fishing, natural
nursery grounds for fishes and shrimps and serves as a refuge for juvenile marine
organisms. Study showed that fishing yield is directly proportional to the length of
coastline forested with mangroves. Millions of people depend on fishery of the
Sundarbans.
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The mangrove water usually rich in detritus and are highly suitable for fishing
nursery ground and serving as a refuge for juvenile marine organisms (Naik et al.
2012). Mangrove fishing is directly proportional to the forested coastline (AburtoOropeza et al. 2008), like other mangroves, the SRF mangrove also has significantly
increased the values of coastal and marine fisheries by increasing productivity and
supporting a wide biological diversity. The artisanal fishery, which is highly
influenced by mangroves, has been contributing 85–95% of the total coastal and
marine catch of Bangladesh. The SRF also supports offshore and deep sea fisheries
by playing a significant role as nursery ground for many deep sea fishes and shrimps
including the giant tiger shrimp (Penaeus monodon) which is the major species of the
industrial bottom trawl fishery of Bangladesh (Islam and Haque 2004). However, the
mangrove fisheries have been under intensive pressure from deleterious fishing
activities and deliberate aquaculture development due to destruction of mangrove
habitats.
Present status
Fishery: According to Chantarasri (1994) there are 271 (196 whitefish, 39
crustaceans and 36 molluscs) fish species exist in Sundarbans. The largest fishing
ground in the Bay of Bengal is close to the Sundarbans. Among fishes, fin-fish,
shrimp and crabs are important. The Sundarbans has a large area of water body which
support huge amount of fisheries resources and these are regularly caught by
commercial fishermen. The annual catch data of fisheries in compare to other zones
suggests, southwest coastal Bangladesh produces the most amounts of fisheries
among all. In only Sundarban about 40,000 fishing boats enter the forest for fishing
purpose. In aquaculture sector, only three Sundarban adjoining districts Khulna,
Satkhira and Bagerhat accumulate about 80% of the shrimp industry of Bangladesh.
Flora: It has considerably high floral diversity and a total of about 334 plant species
(FD 2011), additionally 165 algae and 13 orchid species are also recorded. Among
them, Sundari (Heritiera fomes), Keora (Sonneratia apetala), Baen (Avicennia
officinalis), Passur (Xylocarpus mekongensis), Kankra (Bruguiera gymnorhiza),
Goran (Ceriops decandra), Golpata (Nypa fruiticans), Singra (Cynometra ramiflora),
Bhola (Hibiscus tiliceae), Hental (Pheonix paludosa), Khulshi (Aegicerus
corniculatum), Gewa (Excoecaria agallocha), Goalpata (Nypa fruticans) etc. are
most important.
Fauna: There are more than 375 wildlife species which include 35 reptiles, 315
birds, 42 mammals. The major wildlife in Sundarbans include Royal Bengal Tiger
(Panthera tigris tigris), spotted deer (Axis axis), wild boar (Sus scrofa), monkey
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(Macaca mullata), estuarine crocodile (Crocodylus porosus), python, turtle, dolphin,
otter, jungle cat, fishing cat and a variety of bird species.
Harvesting
From 1990s moratorium is continuing on tree felling in the SRF. Only following nontree forest products (NTFPs) harvesting are now practices in the Sundarbans:
•
•
•

Golapata (N. fruticans)
Honey and wax
Fishery

Fishery types
There are two types of fisheries covered by the fisheries licensing and revenue
collection system.
•
•

Inshore fisheries:
o Production zone of the SRF (except Wildlife Sanctuaries/conservatory
(WC) and operate all year (except closures time).
Offshore fisheries: The seasonal winter fishery in the sea:
o Estuaries and marine zone of SRF.
o Seasonal fisheries, mainly in winter for fish drying (in Dubla island).

Catch and revenue from fishery: Total catch of fish and related products are shown
in Fig. 1. Except for 2004-05 (total catch was little over 0.6 million maunds), the fish
catch of the Sundarbans were within the range of 0.18 and 0.23 million maunds (1 t =
37.5 maunds). The total catch for last 10 years shows that it decline from 1999-2000
up to 2002-2003 and again it declined in 2006-07. After that 2007-2008 the total
catches increasing quite remarkable after cyclone Sidr. From 2008-09 total catch in
the Sundarbans again shows a decreasing trend.
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Fig. 1. Catch records of fishery resources of the Sundarbans from 1999-00 to 2010-11.

Total revenue earned from fishery resources were around 37 million Taka in 2010-11
(Fig. 2). Fig. 2 shows that average earning from fishery resources were within Tk. 5.0
to 10.0 million during 1999-00 to 2006-07 and remarkable increase in fishery
earnings since 2007-08.

Fig. 2. Revenue earned from fishery resources of the Sundarbans from 1999-00 to 2010-11.

The graphs show the revenue come from the Sundarbans from the last ten years. It is
clear that the revenue from fishery is increasing quite remarkably. But the reason is
not only for increasing of catch but also for increasing the revenue rate from 2006-07
and 2007-08. The trend also shows the turn down of revenue in 2008-09 because of
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super cyclone Sidr in 2007 in the Sundarbans. After that the revenue from fishery in
Sundarbans getting rising in normal trend.
Average annual catch of fishery resources are shown below:
Total revenue
Shells (Jhinuk)
Dried Fish
White Fish
Crabs
Shrimp
Bagda fry (nos.)

Maunds/yr
37,869
47,934
1,14,433
13,809
1,136
22,24,574

Among the total catch white fish comprise the
major portion which is 53% followed by dried
fish (22%), shell (18%), crab (6%) and shrimp
constitute the least proportion i.e. 1%.
Average revenue earnings from fishery resources are shown below:
Total revenue
Shells (Jhinuk)
Dried Fish
White Fish
Crabs
Shrimp
Bagda fry

Taka/yr
1,33,540
46,83,937
97,74,460
16,55,965
11,23,127
2,06,906

The pie chart shows that white fish constitute the highest amount i.e. 56% of the total
revenue from fishery sector in the Sundarbans. After then dried fish is about 27% of
the revenue which is done in Dublar char winter fishery followed by crab (9%),
shrimp (6%) etc.
Management Steps in the Sundarbans
To conserve mangrove ecosystem and maintain sustainable fisheries productivity FD
has taken some initiatives. Important ones are as follows:
•

In 1878 the Sundarbans was declared as Reserve Forest
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•

•

•

•

•
•
•

The management was placed
under FD in 1879 and from
then FD manages the
Sundarbans
resources
including fishery.
The SRF has 2 administrative
divisions namely Sundarbans
West Forest Division and
Sundarbans
East
Forest
Division, each division has 2
ranges. So whole SRF
administratively has 4 ranges
but according to management
aspect the SRF has 55
compartments. The SRF has
naturally well delineated by
rivers, canals and streams.
Declared 3 WC as shown in
the figure on the right hand
side. There had been prohibition of all kind of extraction and activities in the
WC.
Fishing activities is strictly prohibited within the three WC.
Area
Name
(a) Sundarbans East Sanctuary 31,227 ha.
(b) Sundarbans South Sanctuary 36,970 ha.
(c) Sundarbans West Sanctuary 71,502 ha.
Total: 139,699 ha.
Eighteen khals outside the wildlife sanctuary are also prohibited for fishing
throughout the year.
Collection of shrimp fry has already been banned in the Sundarbans.
Harvesting of crabs is banned in the month of January and February.

Fishery management in the SRF
The FD has no comprehensive fisheries management plan for the Sundarbans as well
as there is no rigorous systematic planning process in place (Bernacsek and Haque
2001) rather occasional regulations are implemented on an ad hoc basis. Recently
Integrated Protected Area Comanagement (IPAC) Project prepared an Integrated
Protected Area Management Plan which is on the way to approval and
implementation. Recently the FD is implementing an Integrated Resources
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Management Plans (IRMP) for the Sundarbans, from 2010. The Sundarbans fishery
is managed mainly basing on whether it is inshore or offshore fishery, by different
acts, rules and regulations and the IRMP.
Regulations enacted by the FD: The legislation which empowers FD, Bangladesh to
manage the inshore and offshore fisheries in the SRF is the Forest Act 1927.
There are three main regulations specific to the SRF:
•
•
•
•
•
•

Khal Closure Regulations (1989): The regulation closes 18 khals
permanently for fishery to allow fish breeding.
Collection and Export of Live Crab Regulation (1995): This regulation closes
the entire Sundarbans for crab fishing from December to February to allow
crab breeding.
Closed Season Regulation (2000): This regulation closes fishing in the entire
Sundarbans for five species (pangas, khorul, kain magur, golda chingri, and
kankra) during the period of 01 May to 30 June to allow breeding.
In addition to these regulations, fishing is permanently prohibited since 1999
in the three WC.
Some other rules also apply to fisheries in the SRF:
It is illegal to place a net across a khal and thereby completely block it.
It is illegal to string a rope transversely across a water way.
Country wide national regulations:
National Protection and Conservation of Fish Act 1950 and its
subsequent updated amendments, ordinances and rules (1963, 1982,
1985)
Marine Fisheries Ordinance 1983 which has no jurisdiction over the SRF
or marine zone fisheries.

Monitoring
Catch monitoring prior to 1975: Prior to 1975, actual catch data was collected and
fees for catch fish was calculated based on actual catch weight (Bernacsek 2000). At
that time each station was equipped with a scale and station staff weighed the catch
of each fishing boat when it exited from the SRF. Individual fishing boat weighed
system was abandoned around 1975 because fish traders began entering the SRF with
lager fish transport engine boats to collect catches from the fishermen and transport
out large quantities of fish on ice. So it was no longer possible to weigh the catch due
to inconvenience of examining large fish holds with ice.
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Catch monitoring since 1975: Currently the FD does not monitor actual catches
from the SRF. The main focus is on revenue collection and asset fee is charged to a
fisherman which is approximately related to a notional (or minimal) daily catch rate
for different types of fisheries. The FD then went over to a system of boat maundage
(i.e. calculating the volume of hull and adjusting this figure for fish weight (in
maunds) for fish transport boat) and charging fees based on a full hold.
The advent of the shrimp post-larvae (PL) collection fishery in 1980s further
complicated catch enumeration and monitoring. PL fishermen would exit the SRF
with one or more hari (standard size of water container) partly full of water with PL.
FD staff found it difficult to count the number of PL. So they began charging for a
notional daily catch rate (200 PL per day per boat with two fishermen).
Control, Closures/Restrictions
The fisheries control regime defines the management measures and regulations that
will guide surveillance and enforcement activities. Management measures are the
specific elements of the fisheries control regime and they embodied in the legislation
in the form of the act, rules, ordinance, regulations and notification. The principle
focus is on the limitations, restrictions of fishing effort by the management measure.
Species: Prohibition on catching of a particular species during particular time
(endangered species i.e. pangas, hilsa).
Areas: Year round fishing ban in all water bodies in 3 WC. At present in the SRF 18
khals outside WC are strictly prohibited for all kind of fishing for whole year. IRMP
for the Sundarbans, 2010 proposed canals less than 30 ft wide within 3 km radius of
FD permanent camp office/petrol office throughout the Sundarbans also to be banned
for round the year.
Time periods: Prohibition on fishing in breeding season. This is mainly done to
facilitate breeding during 1st of May to 30th June for the entire SRF. During January
to February the entire SRF also remains closed for crab fishing to allow breeding.
Hilsa (T. ilisha) fishing is ban in September and October. Pangas and sea bass ban on
each alternate year (as per IRMP).
Gear restriction:
• Destructive gears and method: This makes and offence to use or be in
possession of a particular type of fishing gear or fishing method which has
been determined to be destructive, undesirable , dangerous or otherwise
illegal (i.e. poison/explosive fishing, pata jal, behundi jal).
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•
•

Mesh size: This makes an offense to use or in possession of a fish net which
has a mesh size less than the prescribed lower limit (i.e. gillnets of less than 2
inch bar mesh size).
Gear dimension: This makes an offense to use or in possession of a fish net
which has a mesh dimension of above or below of the prescribed limit (i.e.
gillnet more than 100 m long).

Restriction on small mesh net to reduce by catch: It is obligatory to fit special
devices (i.e. turtle excluder device, TED) to fishing gears to reduce or eliminate nontargeted by-catch and other aquatic wildlife species e.g. sea turtles, dolphins.
Controls on fishing effort: Control activities involve boat patrols on the rivers to
check on license and permits. These patrolling also check overstay (beyond allowable
time against his permit/license) of fishermen inside the SRF. The maximum fishing
duration against a permit will be 7 days and it will be counted from the date of permit
issued and ends on the day of permit submission.
Penalties for breach: River patrolling shows high rate of overstay and sometimes it
is also found the permitted fishers are fishing in the restricted areas inside the SRF
which cause penalties and punishment of fishermen.
Institutional arrangement of FD
Boat license certificate (BLC): Every fisherman requires a BLC to enter the SRF for
both inshore and offshore fisheries. BLCs are issued every year in July and are valid
for one year (can renew in subsequent year). A fisherman applies to the Divisional
Forest Officer (DFOs) of Sundarbans or forest revenue stations and must produce the
required documents (e.g. certificate from local union chairman, attested photograph
etc.). Once the fisherman got his BLC, he takes his boat to the nearest SRF station to
calculate the maundage of the boat which is the linear dimension of the boat and
calculated by using a conversion factor. This is as follows:
Maundage (M) = (LxWxHx0.356) to fix revenue, where L is boat length (in ft),
W is maxmimum boat width (in ft) and H is boat height (in ft).
It should be mentioned that the BLC number should be fixed on a yearly basis (FD
2010). According to the IRMF for the Sundarbans 2010, each year a review should
be made on the production/catch amount based on the information from the fishers
and the observation of the FD personnel and BLCs are issued on the basis of that.
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Fishing permit (PT): After getting BLC every fisherman is required to purchase PT
to entire the forest at the forest station. A PT typically has one week validity. Fishing
permit specify gear type and fish species. Payment for PT at time of entry only
covers the entry fees. Calculation of payment for fish catch is done at the time of exit.
According to new the IRMP for the Sundarbans 2010, the followings are the permit
limits:
• One BLC holder boat will get a maximum of 8 times fishing permit in a year
for all gear and fishery types.
• Maximum number of permits to be below 100,000 per year.
• The maximum limit of permit for a BLC for a month will be restricted to 3
times.
• Compliance with the Bangladesh Fish Act of 1950.
• Ensure community participation.
Certificate (CT): CT records the payment for fish catch and it testifies that fishing is
done properly and abiding regulations.
Revenue:
• Entry fee: Tk. 7.0 per person per week for fish and Tk. 6.0 for crab.
• Entry fee fine: Tk. 2.0 per person per day.
• Nominal catch fee: obligatory.
• 2.8 kg per person per day of which 10% should be shrimp
Catch fee rates:
• White fish: Tk. 3.20 per kg
• Hilsa, vetki: Tk. 12.0 per kg
• Shrimp (small): Tk. 2.50 per kg
• Large shrimp: Tk. 25.0 per kg etc.
Dubla char winter fishery: It is an offshore fisheries and special type of fishery starts
in October and ends in March. This winter fishery with seasonal camps and fish
drying yard on Dubla island and some adjacent islands are traditional fishery in SRF.
The offshore winter fisheries in 8 char with temporary camps are carried out by about
10,000 fishermen and associated persons and they arrive usually in October and carry
large quantities of supplies with them. The fishermen come from local districts as
well as far from Chittagong. At the end of the fishing season in March the officer in
charge (OC) collects all revenue due from the fishing camps. These include:
• Residence fee
• Gewa stick and post
• Goalpata and Goran
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Legal regimes
Some existing Fisheries Closures and Rules in the Sundarbans (adopted from FD)
Principal
agency
FD

FD

Legislation

Summary of Regulations

Indian Forest act 1878

Empower FD to manage the inshore and offshore
fisheries in the Sundarbans and 20 km marine
zone.
• Illegal to use poison, explosives, fixed engine
fishing gear in reserve forests.
• Fishing permit is required in reserved or
protected forests.
• Levied royalty on fishing in reserved or
protected forests.
• The fish is considered as forest produce and
also subject to regulation under the Forest Act,
1927.
• Significant contribution to the forest revenue,
particularly in the Sundarbans Forest areas.
• Minimum size limit for hilsa and pangas,
below 23 cm is prohibited for catching.
• Closed season for hilsa and pangas: November
to April and February to June respectively.
Fishing is prohibited in 3 WCs.

Hunting Shooting
Fishing Rules, 1959

and

Protection
and
Conservation of Fish Act,
1950

Bangladesh Wildlife
(Preservation)
(Amendment) Act, 1974
Other FD regulations

Khal closure Regulation,
1989
Closed season Regulation,
2000

• Illegal to block khal by net placing across the
khal.
• Prohibited to use behundi jal (estuarine set bag
net)
• Prohibition of shrimp fry collection inside the
SRF.
18 khals permanently closed for fishing to allow
breeding.
Close fishing for 5 species during 01 May-30 June
• Pangas (P. pangasius)
• Khorul (M. cephalus)
• Kain Magur (P. canius)
• Golda Chingri (M. rosenbergii)
• Kakra (Crab, mostly Scylla serrata)
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Conclusions
As the Sundarbans is a natural reservoir of fishing and thus for sustainable
management of Sundarbans fishery research are very much valued. For this purpose
educational and research institutes as well as fishery experts should raise their
cooperation. Government also takes initiative in this purpose and encourages fishery
research and also provides institutional, infrastructural and legal support to do so.
Fishing has several environmental impacts which are to be considered as negative
impact on the SRF, including:
•
•
•
•
•
•
•

Capture and killing of wildlife
Reduction of food supply for wildlife (dolphin, crocodile, turtle, etc.)
“Ghost fishing” by abandoned fishing gear (i.e. snagged gillnets)
Littering with debris and abandoned fishing structures (i.e. jetties, behundi
net anchoring stakes, etc.)
Illegal and over harvesting of wood, goalpata and other forests resources by
fishermen
Cutting of building materials for Dubla Char winter fishery
By catch mortality

Patrolling for fisheries regime is to enforce fisheries management measures by
infractions, seizing gears and prosecution offenders in court. The enforcement of
fishing controls is carried out by the FD personnel authorized by law. But lack of
sufficient man power and adequate fuel supply are limiting the surveillance for illegal
fishery and other activities in the SRF.
Now- a- days along with FD, the Bangladesh Coast Guard, Bangladesh Navy and
other law enforcing agencies play vital role in patrolling in the Sundarbans areas. In
marine areas surveillance is done by the Bangladesh Navy. However significant
coordination among all such department like FD, Coast Guard, Bangladesh Navy and
other law enforcing agencies country is highly desirable for successful surveillance in
the Sundarbans areas.
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Background
The Sundarban, covering about 10,000
km2 in the delta of the rivers Ganges,
Brahmaputra and Meghna is shared
between Bangladesh (~60 %) and India
(~40 %), and is the world’s largest coastal
wetland between 21°30’ to 22°30’N and
89°12’ to 90°18’E (UNEP 2011; Gopal
and Chauhan 2006) (Fig. 1).
The forest extends over some 200 islands,
separated by 15 major distributaries/rivers
flowing
north-south,
and
400
interconnected tidal estuaries, creeks and
canals. It forms an impenetrable saltwater
swamp reaching 100-130 km inland,
which supports the largest tidal mangrove

Fig. 1. The location of Sundarbans in the
Ganges-Brahmaputra delta.
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forest in the world, covering 10,200 km2. Of this 5,955 km2 (59.3%) are in
Bangladesh and 4,262 km2 (42.5%) in India (Hussain and Archarya 1994). However,
the area has been reported to decrease to 4,016 km2 (BOBLME 2010).
Along with the protection of human habitation from cyclones the Sundarbans provide
a diverse of abiotic and biotic system such as nursery and breeding grounds for many
species of shrimp, crab and finfish, aquatic wildlife, oxygen production, waste
recycling, food supply, and carbon cycling (Biswas et al. 2008, Iftekhar and Islam
2004). In 1996, Sundarbans reserve forest (SRF) was declared in three different areas
viz, SRF (east) in Bagerhat (332.26 km2), SRF (west) in Satkhira (715.02 km2) and
SRF (south) in Khulna (369.70 km2). The fisheries water areas are located inside and
outside of SRF, estimating around 1,777 km2.
Fisheries in the Sundarbans
Over 3.5 million people (Hoq 2007) live within 20 km of the boundary of the SRF
and are directly or indirectly dependent on its fisheries resources (Swapan and Gavin
2011). In Sundarbans, The total fisheries water area of the Sundarbans, 1,777 km2,
have the productivity of 46.0 kg/ha, estimating a total production of 8,109 t. This is
considerably lower the production of previous year (18,151 t in 2007-08 and 18,462 t
in 2008-09) (DoF 2011).
The potential area for fish and shrimp production in Sundarbans is 1,874 km2, which
is 31.10% of total water bodies in Khulna. A number of rivers and many canals
(around 450) are criss-crossed in this mangrove amongst which 18 canals are
functioning as sanctuaries (Karim 2011). From the fisheries perspective, fin-fish,
shrimp, lobster and crab are abundant (Table 1). The number of demersal fish species
is 124, which is higher than pelagic fish species (53).
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Table 1. Aquatic species resources reported in the Bangladesh part of the
Sundarbans (Hoq 2007, Hussain and Acharya 1994).
Aquatic
resource

No. of
Families

No. of
Species

Pelagic fish

27

53

Demersal fish

49

124

Shrimp

5

24

Crab

3

7

Gastropods

-

2

Pelecypods

-

6

Lobster

-

8

Fishing community
The Sundarbans is a major source of subsistence for almost 10 million people. Main
activities in the Sundarbans area fishing, wood and honey collection. For the local
population around the Sundarbans, artisanal fishery is the predominant type of
fishing. Artisanal fisheries are labor intensive, capital extensive, traditional in nature
and pursued for subsistence purposes, commercial profits or for both. Inshore,
estuarine and coastal fisheries of Sundarbans provide a major source of livelihood for
about 150,000 fishermen operating daily in the Sundarbans (Hoq 2007, Karim 2011).
Another 20,000 people who operates as primary and secondary traders must be added
to this; they carry fry from the primary collection points to the shrimp farms in one,
two or three stages. Population involvement in hilsa fishing and dried fish production
is also high, but in these two activities, people from outside the Sundarbans region
are engaged as part time laborer. Shrimp fry collecting gears are generally operated
in the rivers of upper part of the SRF. Numbers of fry collectors were found to be
increased considerably due to the expansion of shrimp culture activities with
corresponding increase in fishing effort (Bernacsek and Haque 2001). The fishing
community is traditional in their socio-economic status. Most are illiterate (~50%)
and very few has institutional education. They are skilled in fishing with various
gears (e.g. pull net, set bag net, push net, casting net etc.) along with net and boat
repairing and agriculture activities (e.g. cattle, poultry and other crops).
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Seasonal calendar of fishing and time closure regulations
Fishing in the Sunderbans is carried out round the year. Only three important species
hilsa, prawn and crab are under restricted fishing by applying closure times (Fig. 2).

Fig. 2. Seasonal calendar of fish resource extraction from the SRF and time closure
regulations (Rouf and Jensen 2001).

Climate change and its vulnerability in the Sundarbans
It is clear that the mangrove habitat is under decline; however, it is still unclear as to
what extent the changes in the structures and functions of the Sundarbans are due to
the climate change apart from those caused by various anthropogenic activities. A
recent study of global deltas (Syvitski et al. 2009) showed that the entire Bengal delta
is sinking at a ‘perilous’ rate due to sediment compaction from the removal of oil, gas
and water from the inland delta's underlying sediments, the trapping of sediment in
upstream reservoirs, floodplain engineering and rising sea level. Thus, it appears safe
to ascertain that both anthropogenic pressure and natural events are responsible for
the fate of the Sundarbans. The main consequences of these effects can be
summarized as pointed out in the following sections.
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Changes of temperature and precipitation regimes
The climate of the SRF region is humid sub-tropical, tempered by the sea.
Temperatures rise from daily minima of 2°C-4°C in winter to over 32°C during the
monsoon and a maximum around 43°C in March. Rainfall is heavy and the humidity
averages 70-80% due to the nearness of the Bay of Bengal. About 80% of the rain
falls during the monsoon between mid-June and October, purging saline soils of their
salt. From then the weather is dry until next mid-March, a period when evaporation
exceeds precipitation. During the monsoon over half of the Sundarbans is submerged
under water (UNEP 2011). Agrawala et al. (2003) also predicted the temperature and
rainfall changes over the century (Table 2) in which the mean change of temperature
in winter is higher than summer. This leads to the increased span of summer and
decreased span of winter. On the other hand, the precipitation would also changes on
an extreme basis, which brings drought in winter (December-February) and flooding
in rainy season (June-August).
Table 2. GCM (General circulation model) projections for changes in temperature
and precipitation for Bangladesh (Agrawala et al. 2003)
Year

Temperature change (°C) mean
(standard deviation)
Annual
DJF
JJA

Predicted
1.0 (0.11)
baseline
average of 2030
Predicted
1.4 (0.16)
baseline
average of 2050
Predicted
2.4 (0.28)
baseline
average of 2100

Rainfall change (%) mean (standard
deviation)
Annual
DJF
JJA

1.1 (0.18)

0.8 (0.16)

3.8
(2.30)

-1.2
(12.56)

+4.7
(3.17)

1.6 (0.26)

1.1 (0.23)

+5.6
(3.33)

-1.7
(18.15)

+6.8
(4.58)

2.7 (0.46)

1.9 (0.40)

+9.7
(5.8)

-3.0
(31.6)

+11.8
(7.97)

DJF = December, January, February (usually winter), JJA = June, July, August (usually monsoon)

Erosion and sea level rising
Being the coastal delta adjacent to the Bay of Bengal, Sundarbans is more likely to be
affected by erosion and sinking due to sea level rising (Table 3). This upstream
decreased discharge must also have decreased the sediment supply, since the
sediment content of the Ganges is proportional to its discharge (Islam et al. 1999,
Mirza 1998, Tanzeema and Faisal 2001). Therefore, the erosion and sinking is the
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obvious fate of the Sundarbans. Simultaneously, increased trends of saline water
intrusion would obviously alter the biodiversity composition and habitat functioning.
Table 3. Projected sea level rise and its effect on the Sundarbans
(adapted from World Bank 2000; Sarwar 2005)
Year
Sea level
rise (SLR)
Ecosystem

Salinity

2020
10 cm

Anticipated effects
2050
2100
25 cm
1 m (high end estimate)

15% inundation of 40% inundation of Complete loss of the Sundarbans
the Sundarbans.
the Sundarbans.
and adjacent coastal wetlands
would reduce breeding ground for
many estuarine fishes resulting in
drastic population decline of those
species.
Increase
Increase
Increase

Sea level rise would change the location of the river estuary, causing a great change
in fish habitat and their breeding grounds. Penaeid prawns breed and develop in
brackish water, where salt- and fresh water mixes. However, the anticipated sea level
rise would mean an increase influx of saline water in the estuaries and further
downstream that would ultimately change natural habitat of prawn population.
Though the access to the saline water from sea will be easier to the Penaeus monodon
farmer, dike and hatchery infrastructure would be vulnerable due to the sea level rise.
Increase of natural calamities
The temperature anomalies make cyclones, storm surges etc. that are frequent in
tropical and sub-tropical oceans and their coastal areas (Fig. 3, Mitra et al. 2010).
While the number of cyclones originating from the Bay of Bengal have been noted to
decrease since 1970 the intensity has increased (IPCC 2001). Recently two
successive but devastating cyclones named SIDR in 2007 and AILA in 2009, along
with many other storms and cyclones in recent past, had serious effects on the
Sundarbans. In addition, serious and recurring floods have also taken place during
2002, 2003 and 2004.
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Fig. 3. Advanced Microwave Sounding Unit (AMSU) anomaly with cyclone intensity. [Note:
AMSU operation is used for atmospheric temperature profiling by satellites].

Alam (2003) reported the increasing tidal range in Hiron point (in Sundarbans) and
Char Changa (beside Sundarbans). This might increase the intrusion of salt water and
alter the hydro-dynamics of the Sundarbans coastal area. Every year an increase of 4
mm was noticed in Hiron point (Table 4).
Table 4. Increase of tidal levels in two coastal stations of Bangladesh coast
Tidal Station
Hiron Point
Char Changa

Region
Western
Central

Latitude (N)
21°48´
22°08´

Longitude (E)
89°28´
91°06´

Datum
3.784
4.996

Trend (mm/yr)
4.0
6.0

Effects of climate changes on fisheries resources in the Sundarbans
Both direct and indirect effects can be foreseen on the fisheries resources in the
Sundarbans. The physiology and behavior can be altered in aquatic species as a direct
impact along with changes of migration, distribution, reproductive capacity and
mortality. Simultaneously, alteration of the net primary productivity, changes of
species assemblage and habitat can happen as an indirect impact of climate changes.
A sizable portion of off-shore fish harvests are brought to the Sundarbans for drying
under sun. Apart from being a key source of fish meal for the fish, shrimp and
poultry industry dry fish is also a popular dish among the coastal people, especially in
the southeastern coastal zone. The dry fish industry will also be affected by
anticipated sea level rise.
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Fisheries management in respect to climate change in the Sundarbans
Along with various existing natural resources, management of fisheries should have
to be sustainable. All aquatic resources are still managed by the Ministry of Forest
and Environment and thus the regulations by Ministry of Fisheries and Livestock
cannot be enforced within the Sundarbans and its legal areas (Fig. 4).
F

Human
Settlement

P
F

SUNDARBANS

LEGEND

C
G

P
FD

BN

Marine
Zone
Bay of
Bengal

MFD

PF
= Police Fari (station)
FD
= Forest Department;
CG
= Coast Guard;
MFD = Marine Fisheries
Department
FP
= Coastal Fisheries Project;
BN
= Bangladesh Navy;

Fig. 4. Institutional arrangements in the Sundarbans Reserve Forest
(Rouf and Jensen 2001).

In 2005, the Government of Bangladesh launched its National Adaptation
Programme of Actions (NAPA), in partnership with other stakeholders, which
highlights the major adverse effects of climate change and identifies adaptation
needs. The Climate Change Cell in the Department of Environment (DoE) under the
Ministry of Environment and Forests leads the mainstreaming of climate change
activities into national development planning. The Meteorological Department and
SPARRSO under the Ministry of Defense, and the Flood Forecasting and Early
Warning Centre of the Bangladesh Water Development Board, under the Ministry of
Water Resources, are two of the key institutions in this field.
The prerequisite of community based fisheries management (CBFM) is to address
conflicts and enhance and integrate co-operations among various stakeholders as
summarized in the following table.
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Table 5. Conflicts and co-operation among various stakeholders in the Sundarbans
(Rouf and Jensen 2001)
Stakeholder Interaction
Community level
Fishermenfishermen

Fishermentrader

• Helps one another when in
danger
• Interchange news of one
another’s family
• Interchange food to each other if
needed
• Protect against the dacoits/sea
robbery cooperatively
• Loan money, net, boat and food
support to fishermen family
• Marketing essentials supplied at
the fishing place

• If the fishermen cannot collect
the fry, dealer bear their family
needs
• Dealer try to free the fishermen
from dacoits by lending money
(ransom)
Fishermen• When fishermen cannot collect
creditor
fry, creditors pardon them from
their payback % and pay market
rate
Fishermen• Security to the fishermen
Forest
• Cooperates for cutting wood and
department
fishing illegally
• Sometimes govt. give loan to the
community for fishing
Institutional level
Fishermendealer

Inter Forest
Department
(ARDothers)

• DFO, Sundarban East and DFO,
Sundarban West helps to
implement the rules.
• DFO, Management Planning,
Khulna, helps to make plans

Co-operation / Conflict

• Conflict over setting nets
• Some fishermen are linked with
the dacoit and attack other
fishermen
• Conflict at the time of illegal wood
cutting
• Some fishermen sale fry to another
trader to get higher price
• Fishermen abscond without paying
the loan
• Sometimes traders cheat the
fishermen when counting shrimp
fry
• Sometime dealer do not pay the
fishermen
• Don’t repay the actual prices

• Some fishermen do not go to
collect fry after they received loan
• Sometimes creditors take high
interest from the fishermen
• Forest office takes more fees from
the fishermen.

• Personnel under DFO, Sundarban
East and West are not willing to
follow the instructions of DFO,
ARD.
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Forest
Department
-CMFRM

• ARD considers CMFRM for the
aquaculture component of their
project in the impact zone
• MFD also considers to integrate
with Forest Department

CMFRMMMD

• CMFRM has no access in the SRF
• Issuing licenses for motor and
non-motor boats.
• Proposal of institutional
integration headed by their own
department
• Marine Fisheries Ordinance 1983
and regulations enacted by
Bangladesh Forest Department.
• The extension of 20 km marine
zone by the Forest Department
might create conflict with
regulation enforcement aspect of
the Fisheries Department
• Boat registration and issuance of
fitness certificate

ARD = Aquatic Resources Division, DFO = Divisional Forest Officer, CMFRM = Coastal and Marine Fisheries
Resource Management, MFD = Marine Fisheries Wing of the Department of Fisheries, MMD = Mercantile Marine
Department

Potential coping strategies
The adapting strategies and modified technologies might be effective, specially to
cope with the consequences of climate changes, for the fisheries and fisheries
communities in Sundarbans. For instance, with rise of sea level and increasing
salinity of water many fin-fishes may migrate upstream. The fishermen, therefore,
should change their fishing techniques and fishing areas. Simultaneously, the
management authority of fisheries resources should amend and adapt new regulations
and strategies (e.g. relocation of protected areas) to conserve the target species.
In recent years, collection of shrimp post larvae (PL) has increased manifold,
particularly for shrimp aquaculture in reclaimed areas (Haque 2003, Hoq et al. 2006).
However, the target species, the tiger shrimp, P. monodon constitutes only a very
small portion of the total catch. Consequently, huge mortality and loss of other
species have been reported for every single P. monodon PL collected from the wild.
Primavera (1998) reported an estimated loss of 47–999 individuals for every single
PL. Hoq et al. (2001) reported that 12–551 PL of other shrimps, 5–152 fin-fish larvae
and 26–1,636 macro-zooplankton mortality during collection of a single P. monodon
PL in major rivers of the mangrove forest in Bangladesh. Karim (1986) and Kamal
(2000) suggested that P. monodon PL constitutes only 1% of the total collection in
Bangladesh, amounting to 1–3 billion per year. Therefore, the remaining 99% would
total to about 99–297 billion.
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Unfortunately, the PL harvest of shrimp and prawns is probably the most lucrative
local economic activity available to a large proportion of the Sundarbans population.
Kamal (2000) estimated that more than 100,000 collectors were engaged in this
activity with a total loss of about 180,000 million of other aquatic organisms in
Bangladesh. PL harvesting earns approximately five times more gross revenue per
capita than rice farming and probably proportionately even more on a net revenue
basis as inputs other than labor are negligible compared to agriculture.
Recent studies by Hoq et al. (2006) have clearly demonstrated the strong influence of
salinity, temperature and conductivity on the seasonal abundance and distribution of
shell-fishes and fin-fishes within the Bangladesh Sundarban. Sarwar (2005)
demonstrated Causal Loop Diagram (CLD) (Fig. 5). If we can implement different
adaptation options of coastal fisheries, as shown in the Fig. 5, we find that five loops
may reinforce to increase the fisheries production. Foreign exchange earned by
coastal fisheries could be invested for the development of coastal fisheries sector.

Fig. 5. Causal Loop Diagram (CLD) for the adaption options of the
coastal fisheries with the sea level rise.
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Adaptation measures in fisheries as prioritized in Bangladesh NAPA
(Hossain and Hoq 2010)
•
•
•

Promoting adaptation to coastal fisheries through culture of salt tolerant fish
especially in coastal areas of Bangladesh.
Adaptation to fisheries in areas prone to enhanced flooding in north east and
central region through adaptive and diversified fish culture practices.
Reduction of climate change hazards through coastal forestation with
community focus.

Potential Management Approaches
Gear restrictions
• Cod end mesh size of estuarine set bag nets, ESBNs must be monitored to
maintain at or above 30 mm so that juveniles can escape.
• Ban or reduction of fishing must be in synchronization with the biology of
species.
Protected areas
• Protected areas (also known as reserves, no-take areas, or sanctuaries are the
areas where no fishing is allowed) have been an increasingly useful fisheries
management tool in the face of disappointments with the standard
management practices.
• Banning of particular fishing gears which involve few people but target big
mass of fish might be useful for management of particular fish stocks.
Habitat improvement and restoration
• It refers to the increase in available habitat and/or access to key habitat for at
least some stages of a target species’ life-cycle. Such an approach may range
from increased connectivity between an estuary and adjacent ocean to the
installation of artificial habitats and fish ladders.
Stock enhancement in mangrove habitat
• Stock enhancement must be considered in conjunction with and parallel to
other fishery management tools and not in isolation.
Research
While due to the effect of climate changes, the deterioration in vegetation in
Sundarbans is already well documented and receives continuing attention, the
impacts of these changes on the fauna, particularly invertebrates, have not been
investigated (Gopal and Chauhan 2006). More precisely, the research areas for the
fisheries management with the climate changes should deal with the biology and
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ecology of mangrove fisheries as well as with the development of hatchery and
aquaculture technology for key mangrove species.
With regard to mangrove fisheries biology and ecology, information on the spawning
stock of individual species, spawning ecology, larval movements, larval survival and
mortality in relation to environmental factors and subsequent recruitment are of
particular importance for a fishery to be managed on a sustained basis. On the other
hand, development of hatchery technology for mass production of fish and shrimp
seed is one of the most powerful tools in fisheries management. Another equally
powerful tool is the development of rearing and grow-out technology for potential
species.
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Introduction
In July 2006, the Wildlife Conservation Society (WCS) initiated the Bangladesh
Cetacean Diversity Project (BCDP), under permit from the Ministry of Environment
and Forests, Government of Bangladesh, in response to studies that identified a 120kilometer-wide belt of estuarine, coastal, and deep-sea waters in Bangladesh as a
global hotspot of cetacean (scientific grouping of dolphins, whales, and porpoises)
abundance and diversity. Since its inception, the BCDP has taken a strong
participatory approach by working closely with local fishing communities and
involving fishermen, students, government agencies and community leaders in all
aspects of its work. Through collaborations with scientific experts in Bangladesh and
elsewhere around the world, the BCDP has become a global leader in research of
freshwater, coastal and marine dolphin ecology and management.
The BCDP conducts systematic research, monitoring of cetacean populations, their
habitat, abundance, movement patterns, overlap and interactions with fisheries and
tries to enhance the capacity of local scientists and resource managers to devise,
advocate and implement cetacean conservation research and interventions and
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increases public awareness and support through educational outreach programmes.
The BCDP has plans to provide coastal and marine gillnet fishermen with Global
positioning system (GPS) devices for navigating the treacherously dangerous shallow
waters near the coast for saving dolphins from gilling in their gillnets.
Distribution, availability and ecology of cetacean
The near shore waters of Bangladesh support a taxonomically diverse and relatively
abundant cetacean fauna, which can probably be explained by the wide variety of
environmental gradients (river-sea and shallow-deep) available within a relatively
small area and the enormous biological production driven by extreme fluvial and
oceanographic processes (Smith et al. 2008).
The Ganges River dolphin (Platanista gangetica gangetica) is “endangered” and
ranges far upstream in the river system of Nepal, India and the Padma-Jamuna–
Meghna river system and in the comparatively much smaller Karnaphuli–Sangu river
system of southern Bangladesh. The Irrawaddy dolphin (Orcaella brevirostris) is
“vulnerable” and occurs in some of Asia’s largest rivers (Mekong, Ayeyarwady and
Mahakam) and in coastal waters of the Indo-Pacific with freshwater inputs. Both
Ganges River and Irrawaddy dolphins are threatened by incidental killing in gill nets,
destruction of fish-spawning habitat, pollution from large human population centers,
the enormous by-catch of fish and crustacean fingerlings in mosquito nets used for
collecting shrimp and prawn fry (Fig. 1).

Fig. 1. Fishing boats, threats to the cetaceans of Bangladesh.
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Waterways of the Sundarbans support about 225 Ganges River dolphins, which
represent a significant portion of the species population (Smith et al. 2006). The
density of Ganges River dolphins is particularly high in the low-salinity eastern
portion of the mangrove forest with even greater concentrations found at channel
confluences (Figs. 2 and 3). Incidental mortality in fishing gears especially gillnets
and long-lines are considered among the most severe threats to the endangered
Ganges River dolphin (Fahrni et al. 2008). However, almost no information is
available about actual interactions of the species with fisheries. These events indicate
the importance of monitoring mortality rates and establishing a protected area
network in channel segments where the species occurs in relatively high numbers.

Fig. 2. Distribution of the cetaceans in Bangladesh coast.
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The world’s second largest documented population of Indo-Pacific bottlenose
dolphins (Tursiops aduncus) lives at the northern tip of the Swatch-of-No-Ground
(SoNG) in Bangladesh (Figs. 2 and 4). A total of 1,144 Indo-Pacific bottlenose
dolphins (T. aduncus) individually identified through Photo-ID around 100 m depths
of mid part of SoNG.
The Sundarbans and adjacent estuarine waters provide habitat for the world’s largest
population of Irrawaddy dolphins, estimated at about 6,000 individuals, with about
450 occurring in the mangrove forest (Figs. 2 and 5). The density of Irrawaddy
dolphins is particularly high in the high-salinity western portion of the mangrove
forest but also with important habitat where the range of both species overlaps in the
eastern side. The Eastern Sundarbans Reserved Forest is the only location in the
world where Asia’s two last remaining species of freshwater dolphins, the Ganges
River dolphin or Shushuk and Irrawaddy dolphin, are known to co-occur.
A population of about 190 Indo-Pacific humpbacked dolpins (Sousa chinensis)
individually identified through photo-ID, occupying coastal waters off Sundarban
might be a new third form or subspecies (Figs. 2 and 6). A population of about 1,400
Finless porpoises (Neophocaena phocaenoides) occupies the coastal waters of
Bangladesh with a small subpopoulation migrating into Sundarbans forest in the
winter (Figs. 2 and 7). A possible year round population of Bryde‘s whale
(Balaenoptera edeni) are present at the northern head of the SoNG (Figs. 2 and 8).
The Pantropical spotted dolphin (Stenella attenuata) (Figs. 2 and 9), spinner dolphin
(S. longirostris) (Figs. 2 and 10), rough toothed dolphin (Steno bredonensis) (Figs. 2
and 11), and the false killer whale (Pseudorca crassidens) (Figs. 2 and 12) also reside
at the SoNG.
Generalized additive models of sighting data for cetaceans collected during two
surveys of waterways in the Sundarbans mangrove forest of Bangladesh indicated
that Ganges River dolphin distribution was conditionally dependent (p<0.05) on low
salinity, high turbidity, and moderate depth during both low and high freshwater
flow; and Irrawaddy dolphin distribution was conditionally dependent (p<0.05) on
low salinity during high freshwater flow, high and moderate depths during low and
high freshwater flow, respectively; low and high-low extremes of turbidity during
low and high freshwater flow, respectively; and high temperature and increasing
numbers of large–small channel confluences during low freshwater flow (Smith et al.
2009). The dependency exhibited by both species for environmental characteristics
associated with abundant freshwater flow, including low salinity and the availability
of confluences, make them particularly vulnerable to habitat loss due to upstream
water abstraction and sea-level rise.
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Fig. 3. Ganges River dolphin, Platanista gangetica gangetica.

Fig. 4. Indo-Pacific bottlenose
dolphin, Tursiops aduncus.

Fig. 5. Irrawaddy dolphin, Orcaella brevirostris.

Fig. 6. Indo-Pacific humpback dolphin,
Sousa chinensis.

Fig. 7. Finless porpoises, Neophocaena phocaenoides.

Fig. 8: Bryde‘s whale, Balaenoptera
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edeni.

Fig. 9. Pantropical spotted dolphin, Stenella attenuata.

Fig. 10. Spinner dolphin, Stenella
longirostris.

Fig. 11. Rough toothed dolphin, Steno bredonensis.

Fig. 12. False killer whale, Pseudorca
crassidens.

Cetacean distribution was closely tied to environmental gradients, with Irrawaddy
dolphins and finless porpoises occurring most often in near shore, turbid, low-salinity
waters, Indo- Pacific humpback dolphins in slightly deeper waters where the color
turned from brown to green and Indo-Pacific bottlenose dolphins and Bryde’s whales
in deep, clear, high-salinity waters of the SoNG, a 900+m-deep submarine canyon
that extends to within about 40 km of the Sundarbans (Smith et al. 2008). A
Generalized Additive Model of environmental and presence-absence data indicated
that Irrawaddy dolphin distribution was conditionally dependent (p<0.05) on low
salinity and shallow depth, which explained 36% of the variance.
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Conservation of cetacean diversity
Understanding the preferred habitat and identifying ‘hotspots’ (channel-type
preferences according to a scoring system based on group, individual and calf
encounter rates during monsoon, post-monsoon and dry seasons) of freshwaterdependent cetaceans in the Sundarbans is the first step of a planning process for the
potential establishment of a network of protected waterways for these threatened
species (Smith et al. 2010).
Similar to the Baiji or Yangtze River dolphin (Lipotes vexillifer), before it went
extinct, both Ganges River and Irrawaddy dolphins are threatened by incidental
killing in gill nets, destruction of fish-spawning habitat, pollution from large human
population centers, the enormous bycatch of fish and crustacean fingerlings in
mosquito nets used for collecting shrimp and prawn fry (Fig. 1), and saline
encroachment and excessive sedimentation from declining freshwater supplies and
sea-level rise (Smith et al. 2006 and 2009).
A dolphin sighting network established by the BCDP among nature tourism vessels,
covering more than 26,000 km over 3 years, documented more than 1,000 Ganges
River dolphin groups and slightly less than 300 Irrawaddy dolphin groups. Based on
the locations of these sightings, three channel segments were identified that support
especially high densities of both dolphin species. The BCDP then suggested that
these channel segments (Fig. 13) be declared as Wildlife Sanctuaries under the
current Bangladesh Wildlife (Preservation) (Amendment) Act of 1974. In January
2012, BCDP’s work led the Government of Bangladesh to declare, three new
Wildlife Sanctuaries to conserve freshwater dolphins in the eastern Sundarbans
mangrove forest.
Both the Ganges River dolphin and Irrawaddy dolphin occur in waterways of the
Sundarbans mangrove forest in large enough numbers for early conservation
interventions to be effective. With successful efforts, Bangladesh could serve as a
critical safety net for freshwater, coastal, and pelagic cetaceans whose populations
are disappearing elsewhere in Asia. The main goal should be:
•
•

Conserve cetacean diversity in Bangladesh now, while the current population
sizes of a number of species at global risk are known to be sufficient for longterm survival if threats can be reduced.
Incorporate the needs of local communities for freshwater and abundant fish and
crustacean resources into cetacean protection plans.
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•

Use the protected area network as a mechanism for coping with and better
understanding the ecological impacts of declining freshwater supplies and global
climate change.

Fig. 13. Protected area network for cetacean diversity.

The Sundarbans is one of the most significant mangrove forests in Asia. Due to both
lack of information and capacity to conduct conservation planning in response to
climate change, an essential component of future conservation work in the region will
be to develop strong climate-sensitive indicators of conservation requirements. One
of these can be freshwater dolphin populations, which integrate climate-related
changes from the mountains to the sea and can thus inform adaptive resource
management. Considering both the vital importance of the Sundarbans mangrove
forest for sustaining livelihoods and biodiversity, as well as the region’s extreme
vulnerability to climate change, freshwater dolphin ecology offers a way forward to
prioritize aquatic conservation activities in the region.
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Increasing public awareness and support through educational outreach programmes
seems to be the best way of community-management of the cetaceans diversity in
Bangladesh.

Fig. 14. Public awareness and capacity building through educational outreach programmes.

Recommendations
Based on scientific studies and consultations with local communities and government
officials, the BCDP developed a set of recommendation for conservation of the three
Wildlife Sanctuaries for freshwater dolphins. These recommendations include:
Regulations and enforcement
• The use of entangling gillnets, including sandi jaal and fash jaal, and long
lines with multiple hooks, locally known as tana borshi, should be banned.
• The prohibition on the use of post-larvae (shrimp fry) mosquito nets pona jaal
should be strictly enforced in the Wildlife Sanctuaries.
• Commercial shipping vessels should not be allowed to anchor in the protected
area segments except in an emergency and using the existing moorings/buoys
in the Passur River.
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• All vessels, including cargo ships and speed and tourism boats should proceed
no faster than 12 km/hr inside the protected area segments.
• The existing ban on dumping garbage, waste water, chemicals and oil from
commercial shipping vessels should be strictly monitored and enforced.
• Precautionary guidelines should be adopted for vessel-based dolphin-watching
tourism that include requirements to (1) reduce vessel speed to 5 km/hr within
300 meters of a surfacing dolphin, (2) approach dolphins no closer than 50
meters, (3) move away slowly if a dolphin surfaces within 10 meter of the boat,
(4) spend no more than 30 minutes with a single dolphin group, and (5) no
debris or litter thrown in the water.
Sustainable fisheries
• Set bag nets should not be set side-by-side, there should be a minimum
distance of 100 m between them, and they should not be set in channels where
they cover more than half the cross section at the location where the net is set.
Additionally certain ecologically critical areas in the Wildlife Sanctuaries (e.g.,
sharp meanders) should be identified and designated with visible signage as no
fishing zones for set bag nets.
• Crab fishing dori borshi, cast-nets khepla jaal, long-shore nets charpata jaal
and drag nets moi jaal should be allowed to be used in the Wildlife Sanctuaries
on a trial basis with further evaluation of sustainability after rigorous
monitoring.
• Fisheries in the Wildlife Sanctuaries and buffer zones, comprising 2.5 linear
km of channel on each end of the Wildlife Sanctuaries, should be rigorously
monitored to evaluate if protection efforts in the Sanctuaries are improving the
status of fish stocks and resulting in greater fish catches outside the Wildlife
Sanctuaries.
Training and educational outreach
• Fishermen should be priority targets for educational outreach on the
importance and practice of sustainable fisheries.
• To increase awareness about freshwater cetaceans among tourists, signboards,
information panels and demarcation indicators should be placed at strategic
locations in the Wildlife Sanctuaries, such as forest stations, visitor centers
(e.g., in Karamjal), tourist spots and adjacent villages.
• Access to reliable information regarding cetacean research and conservation
should be made available.
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• Technical training for freshwater dolphin conservation and monitoring should
be provided for Forest Department staff assigned to the forest stations within or
adjacent to the Wildlife Sanctuaries for freshwater dolphins.
• Local grass-root level NGO and community group facilitators, including
representatives from women’s associations and fishermen cooperatives, should
be trained and engaged in disseminating educational messages and materials
among local community members in villages adjacent to the Wildlife
Sanctuaries for freshwater dolphins. This network could report any incidences
of cetacean mortalities and bring concerns or proposals from local community
members to the attention of the resource managers.
Benefits for local communities
• Certification schemes for ‘dolphin-friendly’ tourism should be developed in
collaboration with the FD, local government authorities and private enterprises.
• Local communities should be encouraged to develop regulated dolphinwatching tourism and produce local crafts for sale to visiting tourists.
Research and monitoring
• Dolphin populations should be rigorously monitored in the Wildlife
Sanctuaries through a sighting network established among nature tourism
vessels, systematic patrols conducted by FD staff, and community watch teams
in local communities bordering sanctuary waters.
• Rigorous monitoring of fish and crustacean stocks and fishing practices should
be undertaken inside the Wildlife Sanctuaries and buffer zones to evaluate the
effectiveness of fisheries protection efforts.
• Human activities should be monitored, including fisheries, dolphin-watching
tourism and vessel traffic, using community-based teams and evaluated against
a known baseline before the Wildlife Sanctuaries were established.
• Investigations should be made on distributional and behavioral responses of
freshwater dolphins to environmental changes associated with declining
freshwater supplies and sea-level rise as a tool for adaptive management.
• An existing mortality monitoring network should be strengthened to include
the participation of FD staff and local communities.
• Additional information is needed on the socio-economic and market
mechanisms of fishermen using gears that entangle cetaceans.
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Evaluation
• Baselines should be established on the status of dolphins and the ecological
and socio-economic conditions in the proposed Wildlife Sanctuaries, and then
evaluated against the results of the rigorous monitoring after the Wildlife
Sanctuaries have been established.
• Community-based meetings should be held on at least an annual basis to
evaluate the effectiveness of the management plan in securing local
livelihoods.
• To ensure maximum effectiveness of training and educational outreach
activities, a study should be carried out among local community members, FD
staff, tourism operators and tourists to investigate their knowledge, attitudes
and practices before and after establishment of the Wildlife Sanctuaries.
• Annual follow-up sessions for trained community members, FD staff, tourism
operators, students and researchers should be organized to share new research
findings and evaluate training and educational outreach activities.
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Earth system-Biogeosphere-Critical zone
Most of the life-sustaining processes on the earth exist in a narrow band close to the
surface of the planet known as the Critical Zone (CZ). The CZ is the heterogeneous,
near-surface environment in which complex interactions involving rock, soil, water,
air and living organisms regulate the natural habitat and determine the availability of
life-sustaining resources (Fig. 1). An array of important physical, chemical and
biological processes and reactions occurs in the CZ over a range of spatial and
temporal scales. These processes impact the mass and energy exchange necessary for
biomass production, chemical recycling and water storage. They also control the
transport and cycling of contaminants and nutrients and have critical effects on soil,
air and water quality. They determine the health and sustainability of the ecosystem
and its inhabitants. Critical Zone Ecosystems are: Rivers, Estuaries, Mangroves and
Sea-grass beds.
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Fig. 1. Schematic diagram of Earth’s Critical Zone.

Climate change impacts on the earth system
Rapid increases in fossil fuel burning, pCO2 levels have increased linearly in both
water and air. This has a direct impact on aquatic ecosystems, mainly coastal and
ocean ecosystems. Dissolution of CO2 in water forms Carbonic acid which decreases
water pH. This is generally called as ‘Ocean acidification’. Lowering of water pH in
coastal and marine waters have a very serious impacts on biological systems (mainly
corals and diatoms) by increasing chemical mineralization of their shells and
increases the vulnerability of coral bleaching i.e. dying of zoozathanlle/zooxanthalle
(symbiotic algae in the coral matrix).
Anthropogenic and climate change impacts on coastal biogeochemistry are described
by the color arrows (Fig. 2). Climate change impacts and altered ocean circulation
impacts are described by the black arrows. The gray arrows denote the
interconnections among ocean biogeochemical dynamics. Many ocean processes are
affected by multiple stressors, and the synergistic effects of human perturbations is a
key area for further research.

42

Fig. 2. Schematic diagram of climate change impacts.

Global N exports from watersheds to coastal ecosystems
It is highly accepted that globally the quality of natural environment has been
degrading by human activities. We are very much concentrated in development
without caring about natural ecosystems, this resulted in extensive loading of
dissolved nutrients across the land and ocean continuum. In the recent decades, strict
management policies resulted in decreased nutrient loadings in developed nations.
However, in developing/under developed nations, these nutrient loadings have been
increased further. For example, from the Indian subcontinent nutrient loadings are
very high. As shown in Fig. 3, the global models demonstrate that in the Asian
countries, these nutrient loadings will further increased and that will impair the water
quality.
Global distribution of hypoxic coastal ecosystems
Increasing nutrient loadings from land to coastal waters degrades the water quality
and that will further leads to depletion of dissolved oxygen (which is the primary
indicator for cultural eutrophication). These hypoxic zones are distributed all over the
world. It is highly certain that the Indian coastal water quality has degraded
drastically, but there lacks data. However, on the west coast of India (Mandavi-Zuari
Estaury), dissolved oxygen levels are less than 2 mg/l.
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Fig. 3. Nitrogen loading in 1990 in waters of North and South America, Europe,
North-east, East and South-east Asia and predictions for 2050.
The Sundarbans
Sundarbans mangrove is the World largest single block mangrove with a wide range
of hydroclimate variability. 40% Sundarbans is in India and rest 60% is in
Bangladesh. Both mangroves are highly vulnerable to anthropogenic pollution and
climate change and sea level rise. Rapid changes in land-use pattern/management,
discharges of agriculture and aquaculture effluents and reduction in freshwater from
the upstream due to the construction of dams, embankments and barrages have
seriously affected the biodiversity and biogeochemical processes in the Sundarbans.
Mangrove forests which are considered to be the lifeline of this region are declining
at an alarming rate due to land use change, sea level rise, soil texture, tidal actions as
well as ecological factors arising out of increasing biotic pressure. All these changes
collectively create a wide range of ecological and socio-economic problems in the
region, leading to crisis in the livelihoods of the poor and marginalized people.
Climate change induced sea level rise could inundate about 1000 km2 of the
mangrove area.
Impacts of Hydroclimate Variability on Nutrient Biogeochemistry of the
Sundarbans Mangroves
Indian Sundarbans has higher saline system than the Bangladesh Sundarbans. In
addition, India Ganges is highly engineered, i.e. dams, Farakka barrage, etc. which
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lead to reduction in freshwater and sediment loads therefore these has a potential
impact on nutrient biogeochemistry, carbon metabolism and trace gas emissions.
Integrated biogeochemical assessment is required to document the potential causative
factors. Therefore, an integrated assessment of ecological and biogeochemical
characteristics of mangrove is required to describe the vulnerability of mangrove
ecosystems to human and natural disturbances and must be a precursor for mangrove
restoration efforts.
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Introduction
Models of forest canopy carbon uptake predict fluxes from individual leaves,
canopies and have been extended to provide estimates of carbon uptake at ecosystem,
national and global scales. Fundamental to such models is the scaling of leaf
photosynthesis to canopies by considering interception of solar radiation and leaf
photosynthetic capacity. Photosynthesis of a forest canopy element depends on the
biochemical capacity for photosynthesis of that element, its temperature, its carbon
dioxide at the sites of carboxylation, and its absorbed irradiance.
Developing a canopy photosynthesis model for the Sundarbans requires reliable and
comprehensive information on functional relationships between leaf CO2 assimilation
and plant and environmental variables of the ecosystem. These models also fit the
requirements of assessing effects of climate change on vegetation (vegetation
response).
Modeling canopy photosynthesis requires: i. Meteorological inputs and measurement
of ecosystem flux (Eddy system tower) (Fig. 1), ii. Physiological inputs (leaf
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photosynthesis and leaf properties) and iii. Forest structural inputs (detailed inventory
and measurements).

Fig. 2. Leaf chamber of photosynthetic gas
analyzing apparatus

Fig. 1. Eddy covariance flux tower
for gas and energy between
biosphere and atmosphere and
meteorological measurements.

Model description
•
•
•
•

•

Forest canopy is represented as an array of tree crowns, whose positions and
dimensions are specified.
Leaf area distribution within the target crown is specified (including leaf
angle distribution).
The main meteorological driving variables are incident radiation, temperature
and humidity.
The target crown is divided into up to120 grid points, and the radiation
penetrating to each grid point is calculated for three wavebands (PAR, near
infra-red and long wave). Direct, diffuse, and scattered radiations are
considered separately.
The absorbed PAR at each grid point drives the photosynthesis and
transpiration routines.
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•
•

Leaves are considered to be individually distributed in space and shading
occurs according to the cumulative leaf areas along the paths of beams of
PAR to a simulated point in the crown.
Absorption of PAR and photosynthesis are calculated from incident, diffuse
and beam radiation at one point considering leaf clumping and several leaf
inclination angle classes.

Model validation
Compare gross primary productivity (Pg) between output of MAESTRA simulations
and observed Pg (eddy systems) from turbulent fluxes to determine whether
MAESTRA is able to simulate the different biophysical behaviour of the investigated
forest ecosystem.
Relationships between simulated and observed gross photosynthetic rates (Pg) of a
forest (a) scatter diagram of observed versus simulated Pg, regression line and 1:1
line. (b) Diurnal course of simulated Pg and observed Pg averaged over some period
of time.
Conclusions
•
•
•
•
•

If model (MAESTRA) parameters could be derived and a flux tower could
be established, Sundarbans net biotic flux of CO2 could be assessed.
From the time series climatic data generated from a climate tower it should
be possible to assess the response of the Sundarbans to any change in
climatic parameters and its feedback to climate change.
Long term study on the biosphere atmosphere interaction in the Sundarbans
should be conducted to assess the impact of climate change in terms of CO2
flux at large scale ecosystem level.
Monitoring carbon stock/balance dynamics (REDD+ issue).
Quantifying the amount of CO2 uptake or release (sink or source).
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Introduction
The Sundarbans, lying between 21º27'30" and 22º30' North and 89º02' and
90º00' East, is the largest single tract of mangrove forest in the world. The
forest covers an area of 571,500 ha. In terms of biodiversity, the Sundarbans is
also the richest mangrove forest in the world (Hoque and Dutta 2005). Both
economically and ecologically the forest is overwhelmingly important for
Bangladesh. It constitutes about 51% of the reserved forest estates in the
country, produces 45% of the total timber and fuel wood in Bangladesh
(Canonizado and Hossain 1998) and many other non-timber forest resources.
Between 600,000 and 1,200,000 people earn their livelihood, directly or
indirectly, from this forest (Siddiqi 2001). However, scientists emphasize that
ecologically the forest is more important for Bangladesh as a shelterbelt
against tropical cyclone and tidal surge (FAO 1994), which are frequent in the
Bay of Bengal. Other ecological values of the Sundarbans include its rich
biodiversity and a refuge of several endangered/endemic flora and fauna. The
forest also has great scientific, educational and recreational values. Its
designation as a Ramsar site and a World heritage site indicate global
conservation values of the forest.
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The Bangladesh Sundarbans is of very high national and global conservation
value. The forest has been under degradation over very long period primarily
due overexploitation. In recent decades, climate change and consequent
changes in the physical environmental elements, e.g. increased duration and
depth of tidal flooding, have further enhanced the conservation challenges.
The Sundarbans is being exploited by human from the time immemorial and
the symptom of degradation through over-exploitation has been visible since
the inception of management more than a century ago (Trafford 1911). In
course of time increasing population in the country has increased the rate of
overexploitation. Other human interventions, e.g., withdrawal of freshwater at
Farakka in India, reduction in catchment area through the construction of
flood control embankments, etc. enhanced the rate and rendered degradation
of the Sundarbans more conspicuous. For example, over the past few decades
stocking of all major species in the Sundarbans has decreased considerably –
stocking of sundari (Hritiera fomes) and gewa (Excoecaria agallocha) has
decreased by 40% and 45% respectively between 1959 and 1983 (Hoque and
Dutta 2005). Proportion of sundari – the most valuable species of the
Sundarbans has decreased in comparison to that of less valuable gewa. Few
other commercially important species e.g., dhundal (Xylocarpus granatum)
and passur (X. mekongensis) and kankra (Bruguiera gymnorrhiza) have
already become rare. Climate change and consequent changes in the physical
environment of the Sundarbans are likely to exacerbate this process of
degeneration of this mangrove forest.
Despite that the Sundarbans ecosystem is not adequately studied and the
ecological processes are generally not understood, scientists agree that very
existence and productivity of the ecosystem depend on the delicate balance in
the interplay between upstream and marine influences (Saenger 2002).
In this paper climate change and consequent changes in the physical
environment, their impact on the ecosystem and mangroves in general have
been analyzed with a theoretical approach. The need for generation of
knowledge in ecological process and monitoring the impact of climate change
through long-term basic research has been emphasized. Short-term applied
researches for resource management have also been proposed.
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Climate change and its impact on the physical environment in the
Sundarbans
Ahmed and Alam (1999) projected that temperature in Bangladesh will rise
1.3°C by 2030 (over mid-20th century levels) and 2.6°C by 2070. In the
Sundarbans the average temperature ranges from a minimum of 7.2°C to
12.8°C to a maximum of 23.9°C to 31.1°C. From the Indian part of the
Sundarbans Mitra et al. (2009) recorded 0.5°C rise in temperature per decade
which he described as much higher than that in the Indian Ocean. The
condition in the Bangladesh part of the Sundarbans is very likely to be similar
to this. Effect of climate change on other environmental factors in the
Sundarbans is briefly discussed below:
•

The primary effect of temperature is the sea level rise (due to thermal
expansion of water and melting of glaciers). High rainfall and increased
wind speed due to increased temperature during monsoon may aggravate
sea level rise in the coast of Bangladesh. The Bangladesh country study
put the range of sea level rise at 30-100 cm by 2100 (Agrawala et al.
2003). Rise in sea level will of course prolong and deepen tidal flooding in
the Sundarbans mangrove ecosystem. Prolonged and deeper tidal flooding
in the mangrove forest may cause increased sedimentation and render the
rhizosphere to be more anaerobic.

•

Sea level rise coupled with increased wind speed due to increasing
temperature is likely to increase the increased frequency and intensity of
tropical cyclones and tidal surges (Ali 1999). This, in addition to
devastating the flora and fauna in the Sunarbans, will render the coast less
sheltered and may also cause soil erosion. Giri et al. (2007) observed
erosion along almost the entire southern part of the Sundarbans and banks
of big rivers in the forest. Saenger (2002) described shelter against strong
tidal current and erosion is one of the preconditions for the development of
mangrove forests.

•

The projected effect of climate change include increased precipitation with
rather erratic distribution – increased rainfall in monsoon, reduced
precipitation in dry months and prolonged dry period (Ahmed and Alam
1999). This is likely to reduce salinity of water and soil in the Sundarbans
considerably during monsoon. Coupled with increased evapo-transpiration
due to increased temperature, however, severe and prolonged dry period
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may allow greater intrusion of salt from the sea and increase the salinity
significantly. This will not only increase the salinity in the Sundarbans but
will also enhance the seasonal fluctuation of salinity. Prolonged and more
intense dry periods may also change the potentially acid-sulphate soil in
the mangrove into acid soil, which is harmful for both terrestrial and
aquatic flora and fauna.
Impact of the climate change induced alterations of physical environment
on to the mangrove ecosystem
In the previous section we have observed that climate change is likely to
influence almost all aspects of physical environment in the Sundarbans
mangrove forest ecosystem. In this section we will logically examine how
altered physical environment might influence the ecosystem. It is important to
note that, mangrove ecosystems are always under stress conditions. The
adaptations that we observe in mangrove species are to cope with particular
stress. For example, tidal inundation is not a physiological requirement for the
mangroves, rather it renders the substrate anaerobic and instable and to cope
with these condition, mangroves have developed pnumatophores, aerial roots,
buttresses, prop-roots, etc. of course at the cost of growth. Mangroves planted
in the non-tidal environment in Khulna University campus growing more
happily and vigorously than in their natural habitat of the Sundarbans. Thus
any additional stress is likely to produce compounded effects. In the following
paragraphs we shall briefly discuss how each climate change induced altered
environmental component might influence mangroves in the Sundarbans.
•

In the tropics, mangroves grow near their physiologically optimum
temperature conditions. Mangroves produce maximum shoot density at
temperature of 25°C. Average maximum summer (growing season)
temperature in the Sundarbans is already above the optimum for
photosynthesis. Any further increase in temperature will increase
physiological stress in the mangroves and would lead to reduced
productivity of the ecosystem. This will of course adversely affect the
fisheries productivity in aquatic systems in the region.

•

Increased duration and depth of tidal flooding is detrimental to all
mangroves though they vary in their level of tolerance. For example,
Troup (1921) observed that sundari trees grow best in relatively raised
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areas in the Sundarbans which is flooded by tidal inundations for few days
during each spring high tide in the monsoon. From the field experience it
is learnt that even keora (Sonneratia apetala) doses not grow in areas
which do not remain exposed at least for four hours between consecutive
high and low tides. Thus sea level rise, in addition to permanently flooding
considerable part of the Sundarbans, will reduce number of mangrove
species by eliminating those sensitive to tidal flooding. Thus sundari and
gewa may substantially deplete in the Sundarbans due to increased tidal
flooding. Though presumably due to over exploitation these two species
are already depleted considerably in the Sundarbans, enhanced tidal
inundation might have had some role in this process.
•

It is well documented by scientists (Chapman 1976, Saenger 2002) that
mangroves are facultative halophytes and presence of salt is not their
physiological requirement. All the mangroves have some sorts of
adaptation to reduce salt content in their body and isolate salt from the
physiological processes as much as possible. However mangroves vary in
their level of salt tolerance which is reflected in the distribution and
growth of mangroves in the three salinity zones in the Sundarbans. For
example, sundari dominates in the less and moderately saline areas and
gewa (E. agallocha) and goran (Ceriops decandra) dominates in the
strongly saline western part of the Sundarbans. In this western part of the
forest, trees are usually dwarf however they grow to large sizes in the less
and moderately saline east and central part of the Sundarbans. Predicted
widely fluctuating salinity conditions in the Sundarbans, due to climate
change, will worsen the impact of effect of increased salinity on the
mangroves.

•

Increased aridity in dry period and development of acid-sulphate soil
adversely affect availability of oxygen and nutrient to the mangroves and
can affect their survival and growth. This will also adversely affect the
productivity in the neighboring aquatic systems.

•

Mangrove ecosystems are open and to some extent depend on inputs from
external sources. It comes in the form of sedimentation. However
excessive sedimentation, which could be a possible outcome of climate
change, might affect mangroves adversely. Increased sedimentation in the
Sundarbans could take place due to prolonged and deeper tidal flooding
and also increased sediment load in the water. Increase sediment load in
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the river and the Bay of Bengal could be due to increased erosion in the
catchment area for increased intensity of precipitation and coastal erosion.
Mitra et al. (2009) have already recorded increased sediment load from the
Indian part of the Sundarbans. In the mangrove substrate availability of
oxygen declines with increasing depth (up to a certain level). The top 10
cm of the substrate remains well oxygenated which renders nutrients in the
top 10 cm of sediment for uptake by mangroves (Saenger 2002).
Excessive sedimentation quickly takes this oxygen and nutrient rich layer
of sediment away from the root zone. Mangroves generally respond to
sedimentation by putting secondary growth on pnumatophores and new
feeding roots close to the surface. However, efficiency of this adaptation
varies among mangrove species. For example in mangrove afforestation
program in Patuakhali we observed that keora (S. apetala) with about 30
cm thick deposition however baen (Avicennia officinalis) failed. Thus,
excessive sedimentation adversely affects availability of oxygen and
nutrient to the mangroves and can affect their survival and growth.
Research needs for the best management of the Sundarbans against
climate change
For the protective role against cyclones and tidal surge, for its productive
values that provide livelihood to about a million people, for its national and
global conservation values, the best management of the Sundarbans is
imperative. However, the Sundarbans is the least studied mangroves in the
world. Till today the forest is managed traditionally, with priority on revenue
collection and based on conventional knowledge. This coupled with dramatic
increase in the number of forest users have led to the degradation of the
Sundarbans. Recently for exploiting full potential of the forest in the
prevailing socio-economic and environmental context, government has drawn
up a new management plan that focuses on habitat protection, wildlife
conservation, sustainability of forest management, food security and wetland
conservation, climate change mitigation and adaptation, ecotourism and comanagement involving various stakeholders (FD 2010). Thus management of
the forest has become challenging. In addition, climate change ensued rapid
changes in the physical environmental elements in recent decades have
aggravated the challenges. Thus there is no alternative for a scientific
knowledge based management of the Sundarbans. Keeping sustainable forest
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management for greater welfare of the stakeholders, sustainability of
environmental benefits in mind and in the context of climate change following
research needs have been identified:
•

Development of better understanding of the ecological processes in the
Sundarbans and assessment of direct and indirect climate change related
impacts on the ecosystem. This involves:
o Regular monitoring of temperature, tidal condition, salinity,
sedimentation and water quality in the Sundarbans.
o Assessing interactions among important physical environmental
elements mentioned above.
o Monitoring any impact of environmental changes on the flora and
fauna in the Sundarbans. For example, impact of increased salinity on
fish diversity.

•

Development of greater understanding about the mangroves of the
Sundarbans that should involve:
o Studying growth, ecology and reproduction biology of important
mangroves.
o Assessment of adaptation/tolerance of different mangrove species to
environmental stresses, e.g., increased salinity, tidal flooding,
sedimentation and reduced availability of oxygen and other physicochemical changes in the substrate.
o Assessment of the intensity and outcome of inter- and intra-specific
competition.

•

Generation of knowledge for the improvement of the management of the
Sundarbans which should involve:
o Improvement of silvicultural knowledge. These are:
Determination of yield based on long-term data.
Assessment of the impact of currently practiced silvicultural
system on the crop and need for its improvement, e.g., need for
thinning of young sundari stands to boost up productivity.
Assessment of traditionally practiced harvesting technique on the
crop, regeneration and safety of the harvester. For example,
currently prescribed goran harvesting technique seems to be
unnecessarily complicated, increases risk for tiger attack and
obviously not followed in the field. A more practical prescription
is urgently needed.
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o Enhancement of product value for improving the commercial
sustainability, which is very important for sustainable forest
management, through:
Development of valued use of products, e.g., investigating
medicinal values of the mangroves.
Product diversification and development of utilization techniques
for hitherto less used species.
•

Improvement of eco-tourism. These are:
o Assessment of the impact of tourism on the flora, fauna and the
Sundarbans forest ecosystem.
o Development of strategy for improving employment and income
generation opportunities for local communities through eco-tourism in
the Sundarbans.
o Determination of tourist carrying capacity of the Sundarbans and
development of strategies for tourist management.

Conclusions
The Sundarbans is the biggest and the richest (in terms of productivity and
biodiversity) mangrove forest in the world. For its protective, productive and
environmental significance national and global conservation value of the
Sundarbans can never be undermined. Counter acting ongoing degradation of
the forest and increasing number of stakeholders in the forest have rendered
sustainable management of the forest very challenging. Climate change and
eventually enhanced environmental stresses, e.g., increased tidal flooding and
increases in salinity have further invigorated the challenges. However, the
present state of knowledge about the ecological processes and mangrove
forest is awfully inadequate for sustainable management of the Sundarbans
mangrove forest ecosystem. Thus for the conservation of the forest generation
of knowledge has been emphasized. This demands long-term basic research
designed for understanding ecological processes, monitoring the impact of
climate change and the ecology of important mangroves. Consequently shortterm applied researches, e.g., determination of yield, assessment of the
efficiency of silvicultural techniques, etc. are also overwhelmingly important.
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