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Abstract: World heritage site-Sundarbans were declared as the world’s 560" Ramsar Wetlands site in 1992.
Sundarbans ecosystem supports rich fisheries diversity and also natural biodiversity hot spot, because it is natural
habitat of many endangered species. The Sundarbans is a home to a variety of faunal species, the total of 1586
species has been recorded which includes 481 Vertebrate species (30%), 1104 Invertebrate species (70%). Man-
groves are the nursery and breeding grounds for several commercially important species of aquatic fauna like fish,
shrimps and prawns etc. Mangrove ecosystems are of great ecological significance in the tropical and sub-tropical
coast. Sundarbans mangrove provides a variety of ecosystem services. However, the Sundarban mangrove forest is
the most threatened habitats in the world, increased population with few alternative livelihood opportunities poses a
serious threat as it is the main cause of mangrove destruction. The total value of Sundarbans is not recognized and
therefore often neglected in development planning. As a result Sundarbans conservation issue is getting less impor-
tance at the national level. The study reveals that major ecosystem services of Sundarbans are timber, fuel wood,
fish, ecotourism, cyclone and storm protection, biodiversity, and habitat for flora and fauna. Timber, fuel wood and
fish are more economical provisioning services in Sundarbans. It is noticed that there is decreasing tendency of
overall revenue collection from the mangrove over the period of 2001-02 to 2009-10. The attention from national and
international communities is needed for sustainable management and conservation of the Sundarbans. The study
suggests that further research on total economic value of Sundarbans is needed for providing comprehensive scien-
tific information for policy as well as for decision makers.
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The Sundarban forest is the largest estuarine rmmagr the extreme south-west corner of Bangladesh between
forest in the world located in 24 Paraganas distfc  the river Baleswar and Harinbhanga adjoining to the
West Bengal (India) and Bangladesh (Pasha and SidBay of Bengal and it covers 6017 kmut of which
diqui, 2003; Daset al., 2012). It lies on the Ganges- 4,143 kni is land area and 1,874 kris water area
Brahmaputra Delta at the point, where it merge& wit comprising rivers and tidal waterways (Fig. 1) (Adb,

the Bay of Bengal. The forest consists of about 2002009). The forest is bounded in the north by theape
islands, separated by about 400 interconnected tidasettlement, in the south by the Bay of Bengal,hia t
rivers, creeks and canals (Banglapedia, 2010; édas east by the Baleshwar River and in the west by the
al., 2012). It covers an area of about 1 million b, Harinbhanga, Raimongal and Kalindi River which is
which 60% is located in Bangladesh and the remginin also the international boundary with India and he t

is western portion, comprising 40% lies in India. north (Information Sheet on Ramsar Wetlands, 2001).
In India, it covers an area of 9630 kwut of which ~ Sundarban National Park: The Sundarban National
4266 knt is Mangrove forest (Naskar, 2000). Sundar- Park is a National Park, Tiger Reserve and a Biesph
bans region includes 4263 knof Reserve For- Reserve in West Bengal, India. It is part of the®ar-

est (inclusive of 1678 kfmof South 24 Parganas Re- bans on the Ganges Delta, and adjacent to
serve Forest & 2585 knof Sunderban Tiger Reserve. the Sundarban Reserve forest in Bangladesh.
The Sundarbans was originally measured (about 200’he delta is densely covered by mangrove forests, a
years ago) to be of about 16,700 %kmNow it has is one of the largest reserves for the Bengal tidso
dwindled to about 1/3 of the original size (Rahraad home to a variety of bird, reptile
Asaduzzaman, 2010). and invertebrate species, including the salt-water
Geographical location: The forest lies a little south to  crocodile. The present Sundarban National Park was
the Tropic of Cancer between the latitudes 21°30'Ndeclared as the core area of Sundarban Tiger Reserv
and 22°30°N, and longitudes 89°00'E and 89°55°Ein 1973 and a wildlife sanctuary in 1977 (Khan,
The Sundarbans Reserved Forest (SRF) is situated iB8011). The Directorate of forest is responsible tfar
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administration and management of Sundarbans. Thenent of Bangladesh and India which is now at the im
endangered species that lives within the Sundarbanplementation stage. In 1997, the Indian portiorihef

are Royal Bengal Tiger, Saltwater Crocodile, River Sundarbans was identified as a UNESCO Man and
Terrapin, and Olive Ridley Turtle, Gangetic dol- Biosphere (MAB) reserve area. The Bangladesh por-
phin, Ground Turtle, Hawks Bill Turtle and Mangrove tion is under consideration as an MAB reserve ffhsla
horseshoe crab (Juekal., 2006). and Gnauck, 2009). The only mangrove forest on the
Unique recognition of Sundarban: The Govt. of In-  planet Earth sustaining the population of the Royal
dia declared the Sundarbans region including tlee pr Bengal tiger Panthera tigris tigris). Sundarban tiger
tected area of Sundarban Tiger Reserve as Biosphemeserve has the highest tiger population in theldvor
Reserve in 1989. It received the recognition of The deltaic lobe has contrasting salinity profildne
UNESCO, under its Man & Biosphere (MAB) Pro- western sector is hyposaline, whereas the cermctbis
gramme, in Nov. 2001. Sundarban Tiger Reserve wass hypersaline (Zamaet al., 2013).

constituted by Govt. of India under “Project Tiger” Biodiversity of Sundarbans: The ecology and the
scheme, in 1973. It is covering an area of 2583, km biodiversity of the Sundarban has been extensively
out of which 1330 krhis the core zone and 1255 km studied (Prain 1903; Champion 1936; Mukherjee
is the buffer zone. Considering the importance of1975; Jain and Sastry 1983; Sanyal 1983; Naskar and
Sundarban's Bio-geographic Region, the nationdt par Mandal 1999; Sen and Naskar 2003, Naskar and Guha
area of the Sundarban tiger reserve has been eatlud Bakshi 1987) the mangrove ecosystem with reference
in the list of world natural heritage sites in 1985 to human habitation, settlement, development of- agr
Sundarban national park, forming the core area ofcultural fields and brackish water fisheries. Thegé
Sundarban tiger reserve, received recognition atdwo spatial and temporal variability in hydrologicabimes
heritage site by UNESCO in 1987. Sundarban has bee(both freshwater inflows and the tides), topograpby-
nominated by Govt. of India (GOI) for recognitios a ture of the substratum, the salinity, and therrmttions,
Ramsar Site (a wetland of international importantre)  result in very high habitat heterogeneity in thengrave
1992, the Sundarban were declared a Ramsar site weecosystems, and thereby ensure an equally divierde b
land, enlarging its area from 596,000 to 601,7G&-h versity. Overall, there are relatively small diffaces
tares of forest reserve, part of its area was alemtto  between the species composition of the India amdjlBa

wildlife sanctuaries (Fig. 2). desh parts. Sundarban has extremely rich divedfity
The Sundarbans were declared as the world’s"560 aquatic and terrestrial flora and fauna (Table 1).
Ramsar Wetlands site and includes the followiveg- Mangroves are associated with flowering plants,

land types: F (Estuarine waters), G (Intertidal mud palms, ferns, bryophytes, fungi, algae, lichens laanct
sand, or salt flats), | (Intertidal forestegbtlands), and teria. Fauna have been poorly studied in compatizon

M (Permanent rivers/ streams/-creeks) (Fig. 3). Theflora Macintosh and Ashton (2002), but according to
international importance and inclusion tfe Sundar- FAO estimates, Sundarban mangrove forest is home to
bans as a Ramsar wetlands site was based on Ramsatvout 840 species of wild animals, including 419
wetlands selection criteria 1c, 22b, 2c, 3b, and 4b Royal Bengal tigers (MoEF, 2004). The Sundarban
(Islam and Gnauck, 2009). Based on the policies ofMangrove Forests has been home for a wide biodiver-
Ramsar Convention 1971, some specific steps of mansity. Sundarbans is a natural biodiversity hot spet
agement and conservation are taken by the Govern-
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Fig. 1. Map Geographical location of the Sundarbans in the Fig. 2. Sundarbans mangrove wetland ecosystem (Islam and
Ganges catchment (Islam and Ghauck, 2009). Gnauck, 2009).
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Fig. 3. An overview of Sundarbans mangrove .

agallocha), goran Ceriops decandra) and keora
(Sonneratia apetala) all of which occur prominently
throughout the area. The principal tree species is
Sundari Heritiera fomes) which covers about 73% to
total landmass and the second species is Gewa
(Excoecaria agallocha) which covers about 16% of
total forest area (Rahman and Asaduzzaman, 2013).
New forest accretions are often conspicuously domi-
nated by keoraSpnneratia apetala) and tidal forests .
There is abundance of dhundul or pass@idcarpus
granatum) and kankra Bruguiera gymnorrhiza)
though distribution is discontinuous. Among
Fig. 4. Vertebrate and invertebrate species of Sundarbans ~ Paims, Poresia coaractata, Myriostachya wightiana and
mangrove. golpata Nypa fruticans), and among grasses spear grass
o ) ] (Imperata cylindrica) and khagra Rhragmites karka) are
cause it is natural habitat of many endangerediepec el distributed. The varieties of the forests thdst in Sun-
(Table 2). derbans include mangrove scrub, littoral for-
Floral diversity: The Sundarbans mangrove has theegt, saltwater mixed forest, brackish water mixae st
highest number of mangrove and swamp flora (Naskagng swamp forest (Rahman and Asaduzzaman, 2013).
and Guha-Bakshi 1987; Gopal and Chauhan, 2006)gesides the forest, there are extensive areas
The floristic CompOSition of Sundarbans was firet d of brackishwater and freshwater marsheS, intertiolal
scribed with 334 species and 245 genera in 75 isnil  fiats, sandflats, sanddunes with typical dune taege
of plants including small to large trees, shrubisnlo-  tjon, open grassland on sandy soils and raiseds area
ers, grasses and herbs (Prain, 1903; Uddin, 2@dl). supporting a variety of terrestrial shrubs and sree
far, no similar study qnd detailed inventory haeer (Gopal and Chauhan, 2006). Since Prain's reporé the
made on the vegetation, although Overseas Develophaye been considerable changes in the status iofigar
ment Administration (ODA) (1985) has listed 130-spe mangrove species and taxonomic revision of thegrare
cies of commonly found higher plants and (Islam6)97  fiora (Khatun and Hafiz, 1987). However, verydigxplo-
has reported 165 species of algal flora aroundtae-  ration of the botanical nature of the Sundarbassteen
grove ecosystem. However, among various types Ofade to keep up with these changes. Differencesgeta-
plants some are endemic to the Sundarbans, edarsun tion have been explained in terms of freshwater land
(Heritiera fomes), gewa Excoecaria agallocha), goran  salinity influences in the Northeast and variations
(Ceriops decandra) and keoraSonneratia apetala). The  jy drainage and siltation. The Sundarbans hasdiessified
Sundri is the unique species of the Sundarban Ramsgs a moist tropical forest demonstrating a wholesaio
and orchids; among the 66 species of orchids foutlte e\ accretions to more mature beach forests. Histor
forest about 13 are epiphytic (Table 3). cally vegetation types have been recognised indroa

The Sundarbans flora is characterised by the abuncorrelation with varying degrees of water salinity,
dance of sundariHeritiera fomes), gewa Excoecaria
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freshwater flushing and physiography (Khatun andand Naskar (2004) have reported the fish and fisher
Hafiz, 1987). The vegetation of Sundarbans is umiqu sources of the Sundarban mangrove based estuary.

in many respects such as floristic diversity, cosipo
tion, association and abundance. It is also intieg$o
note that tree height is relatively shorter in $eut
Western parts and longer in North-Eastern parthef
forest. It acts as a natural safeguard to proteeten-

Mangroves are also the nursery and breeding grofords
several commercially important species of aquatimé, e.g.
shrimpsPenaeus monodon, mud crabScylla serrata, Hilsa
Tenualosa ilisha, Pomadasys hasta, Polynemus sp. and
Coilia sp. etc. (Saenger 2002). Although many shrimps and
crabs are reported from Sundarbans, among thermsri

tire coastal region at the north of Sundarbans frompenaeus monodon (Fabricius, 1798) antetapenaeus

cyclones and tidal bores. The environmental impoga
of the forest as green shelterbelt can be assuimexitiie

monoceros (Fabricius, 1798) and the mud cr&bylla
serrata (Forsskal, 1775) are commercially important.

devastation and death toll caused by such Cathkl‘rop Over 120 Species of fish are said to be Common|y
events in the coastal areas where there is no ma®gr caught by commercial fishermen Seidensticker arid Ha
forest like Sundarbans (Amin, 2002). (1983). The shallow swamps around the mangroves
Faunal leGrSlty: The fauna of the Sunderban has sustain an ideal breeding and nurshing ground for
attracted much attention because of the huge edenomfishes, juvenile shrimps and endangered specids suc
importance of many species. The Sundarbans is th@s olive ridley turtle, gangetic dolphirPlatanista
only remaining habitat in the lower Bengal Basin do gangetica) (Roxburgh, 1801), hawks bill turtle
variety of faunal species. With regard to wildlithe (Eretmochelys imbricate) and King Crab
Sundarbans possesses a rich faunal diversity dt@m a (Carcinoscorpius rotundicauda). The fish diversity is
disappearance of a good number of interesting epeci directly related to the salinity gradients in diffat
(Table 4). The Sundarbans is a home to a variety oparts (i.e. interior mudflats, middle stretches &aah-

faunal species. The total of 1586 species has keen
corded which includes 48Yertebrate species (30%),
1104 Invertebrate species (70%) and Hemi-Chordagpet
cies (Fig. 4).

The Sundarbans mangrove forest is a unique haifieury-
haline / brackish water algae, shell-fish and fainfspecies,
prawns, crustaceans, estuarine crabs, ghost shrimpk
lusks, nematodes, annelids, animals like variopgsysuch
as jungle cat, the deer, rhesus monkey, wild pigr.owater
monitor, various snakes, including python, estwagnoco-
diles, sharks, dolphins, large variety of locabbiand migra-
tory pelicans (Banerjee 1998; Bose 2002). The bardity
is, however, under threat owing to man - mangraweflict
and the increasing salinity Sen and Naskar (2088p, the
Sunderban is the only mangrove forest with a sgeaighe
tiger the Royal Bengal TigePénthera tigristigris), accord-
ing to the 2011 tiger census, about 270 Bengal idgedit
over in this forest (www.bforest.gov.bd/highligimtsp).
With regard to mammals, birds, reptiles and thetahigns,
the Sundarbans shares 45, 42, 46 and 36 % respegiih the
rest to the country (Z6ckletal., 2005).

Crustaceans account for the largest proportiomohal biomass
e.g. fiddler crabs, mud crabs besides a considetadivest
of shrimps, prawns and lobsters. The Sunderban ostgop
very rich estuarine and coastal marine fisherianoAg the
diversity of insects, honeybees hold an importasitpn for
the production of large quantities of honey andshee.
Estuarine crocodil€rocodylus porosus still survives but its
numbers have been greatly depleted through hurdimd
trapping for skins. Besides, 10 species of mamnidlsspe-
cies of birds, 16 species of reptiles and one sgeaf am-
phibian is endangered (Siddigi 2001).

sition zones or ecotones between riverine and marin
habitats) of the Sunderban. Fishes sucliHagpodon
nehereus, Trichiurus savala, Setipinna sp., Pampus
sp., Sardinella sp. and Salar sp. occur in areas with
salinity, whereas?angasius pangasius and Lates cal-
carifer occur in freshwater areas or those with very
low salinity. The dominant fishes in brackish water
zones (moderate salinity) aklsa (Tenualosa) ilisha,
PomadasyshastBplynemus sp. andCoilia sp. Several
marine fishes also often occur within the mangroves
The fisheries of Sundarbans are very important for
local economy and livelihoods of thousands of poor
people living around and outside the landscape. direa
produces 2-5% of the total capture fisheries (Rabba
and Sarker 1997; Rahmahal., 2013). Many species
of palaemonid shrimps are also associated with man-
groves, including the commercially important giant
freshwater shrimp, Macrobrachium rosenbergii
(Macnae 1974; Matthes and Kapetsky 1988; Sieigh
al., 1994). Mangroves also support vast numbers of
small shrimp of whichAcetes spp. (Sergestidae) are
the most important to fisheries (Macnae 1974; Macin
tosh 1982). The mangrove crab fauna is of major eco
logical and economic importance (Macnae 1974; Mac-
intosh 1982; Matthes and Kapetsky 1988), including
the high-priced mangrove mud cra$gylla serrata.

A total of 67 species of finfish were identified of
which therepresentatives from the order Perciformes

are dominant (Mandalet al., 2012). Mangrove plants

Fisheries diversity: The Sundarban ecosystem supports rich association is one of the great sources of pigrtienta

fisheries diversity (Table 5). Considerable reseavork by

for the estuarine fishes. The estuarine fin figiss col-

Hamilton and Buchanan 1822; Kemp 1917; Annandal®]192 lect their body pigments from many other food sesiike

Hora 1933; Pantulu 1966; Shettyal. 1961 and Talwar and
Joglekar 1970 has been undertaken and contribntethiny
aspects of fish biology in the Sundarbans. Gopsitkidn
(1971); Sen (1975); Naskar and Guha Bakshi (198ayddl

algae, crustaceans and molluscs.
Importance of Sundarbans mangrove foresecosystem:
Mangrove ecosystems are of great ecological signifi

and Nandi (1989); Chaudhuri and Choudhury (1994);eBos cance in the tropical and sub-tropical coast. Ty
et al. (1999); Sanyal (1999); Debnath (2001); Khan (3003 tect our coast from heavy wind, tidal waves, cdasta
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erosion and sea water intrusion, generate subatanti until October, with occasional rainfall throughabe
quantities of fishery resources and provide marer us year. In the Sundarbans, during the monsoon rties,

ful forestry products. The ecosystem forms an idealestuarine regime is influenced by the interactibthe
ecological asset because the production of letr lit headwater discharge and the tides, which together i
and detrital matter from mangrove plants full fiie fluence the seaward drift of the sediment. Duriag r
nutritional requirements of prawn juveniles, adult duced inflow of freshwater, strong tidal currents/g
shrimps, mollusks, and fishes of high economic@alu ern the estuary and influence the upstream sediment
That is why mangrove ecosystem is recognized as thenovement (Rahmanand and Asaduzzaman 2010). The
world’s most potential nursery (Zamaah al. 2013).  forest land is highly influenced by tidal interacts
The highly specialized mangrove ecosystem also actbecause of the presence of these water bodies. The
as the protector of the coastal landmass from stormforest receives freshwater and sediment from a eamb
surges, tropical cyclones, high winds, tidal bosess-  of distributaries of the Ganges. Each one of thievie
water seepage, and intrusion. Bioaccumulation ofing elements of the ecosystem namely climate, igalin
heavy metals by certain mangrove species (e.g. theiltation, erosion, substrate and nutrients havst fi
grey mangroveAvicennia marina has a relatively order reaction on flora and fauna.

higher toleranceAegiceras corniculatum, Rhizophora Threats to Sundarbans biodiversity: Sundarban
stylosa, Hibiscus tiliaceus, Excoecaria agallocha, Bru- mangrove forest is the most threatened habitatken
guiera gymnorhiza and Ceriops tagal (Anouti 2014;  world (Rahman 2009). The increased population with
Saenger and McConchie, 2004) reveals a most surfew alternative livelihood opportunities (e.g., pro
prising feature about these plants as they caasabto ~ farming, livestock) poses a serious threat to the
-purifier or bio-filter. Certain mangrove speciesza Sundarban as it is the main cause of mangroveutestr
highly efficient in detecting or assessing the denf  tion (Ong 1995; FAO 2003; Alet al., 2006). Exces-
ambient environment. The concentration of heavysive exploitation and negligence of restocking e
metal pollutants in different parts of mangrovenpéa  main cause of overall depletion of growing stocks o
may act as a pathfinder for water quality monitgrin Sundarban forest (Abt al., 2006).

program (Mitraet al., 2004). Eturbinata have shown The growing stock of the Sunderban forest has de-
strong in vivo activity against a variety of canceils. pleted from 20.3 million rhin 1959 to 10.9 million rh
Phenols and flavonoids in mangrove leaves serve am 1996 (FAO 2000). The sundarbans mangrove eco-
UV screening coumpounds. Hence, mangrove leavesystems are delicate, dynamic and complex and their
can tolerate solar UV radiation and create a Wéfr principal parameters are the environment, the fltva
under canopy environment (Moorthy, 1995). Man- fauna and human interference (Choudhury, 1984) Th
groves and mangrove habitats contribute signifigant threats to the Sundarban mangrove eco-system are
to the global carbon cycle. Twilley, Chen, and Herg arising partly due to biotic pressure from the sund-
(1992) estimated the total global mangrove bionbass ing environment and, partly due to human induced or
be approximately 8.70 gigatons dry weight (which is natural changes in the upper catchments. Different
equivalent to 4.00 gigatons of carbon). Accurai® bi anthopogenic activity like reclamation, human en-
mass estimation, however, needs the measurement gfoachment and influence, geomorphic stress caused
the volumes of individual trees. This property cirn by the neo-tectonic tilting of the Bengal basing. et
grove vegetation has immense significance in reduci causes recurrent coastal flooding due to climasmgh
carbon dioxide concentrations in the atmosphere andglobal warming), changes in sea level (raise ia se
subsequent rise in temperature. Mangroves corestitutlevel), huge silt deposition, biodiversity loss ared

an important ecosystem because of their globahéxte generation problems of obligate mangrove plantgh hi
and high productivity. The survival and growth of salinity, low water table and acidity problem, losfs
mangroves are regulated by salinity. Zanmeinal. soil fertility, coastal erosion, steep fall in fesly re-
(2013) reported that considerable salinity diffeeen sources, reduction in the periodicity and quantfy
has occurred between the western and central Indiafreshwater reaching the mangrove environment due to
Sundarbans over a period of more than two decadesliversion of freshwater in the upstream areas
Such variation has affected the growth patterreabs  (especially due Farakka Barrage constructed bya)ndi
tive mangrove species in the Indian Sundarbans reand change in course of main rivers, conversion of
gion. The above-ground biomass (AGB) Héritiera mangrove tracts for aquaculture and agriculture, un
fomes has increased consistently in the western Indiancontrolled collection of prawn seedlings and fighin
Sundarbans, whereas in the central Indian Sundarbarthe water of reserve forests, pollution from bdtle t
the change in AGB is almost uniform. The primary landward and seaward sides through marine paints &
reason for such variation in salinity is the si@iatin hydrocarbons , usage of excessive pesticides & Ehem
the Bidyadhari channel since the latd"*®ntury that  cals for agricultures & industries, exploitation rafn-

has cut off the supply of freshwater in the centmal  eral gas and oil and Lack of public awareness etc
dian Sundarbans. The Sundarbans region has a warf®ahman, 2009). Over-exploitation of forests to tmee
humid climate. It receives rainfall during the domest ~ the growing requirement of the people is one of the
monsoon season, which starts in June and continuesain problems facing the Sundarbans. Encroachment,
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Table 1. IUCN Red list species in Sundarban

As a result of past over-

Mugger crocodile Crocodylus palustris Extinct -
exploitation

L . . Among marine turtles most
Olive ridley Lepidochelys olivacea Endangered abundant
Royal Bengal Tiger Panthera tigers Endangered
Jungle Cat Felis chaus Endangered
Irrawaddy/dolphin Orcaella brevirostris Endangered
Blyth’s Kingfisher Alcedo hercules Endangered
Estuarine Crocodile Crocodilus porosus Endangered
Yellows Monitor Varanus flavescens Endangered Present
Rock python Python molurus Endangered
Green Frog Euphlyctis hexadactylus Endangered
Green sea turtle Chelonia mydas Endangered Rare due to excessive fishing
Hawksbill turtle Eretmochelys imbricata Critically Endangered Not common although there
Loggerhead Caretta caretta Endangered have been some Reported
River terrapin Batagur baska Endangered Present
Gangetic dolphin Platanista gangetica
King Crab Carcinoscor pius rotundicauda
Javan rhinoceros Rhinoceros sondaicus Extinct
Indian python Python molurus Not Threatened

(Source: Siddigi 2001; Rahman and Asaduzzaman 2010)

Table 2.Local Species of Sundarbans.

Local/common name

Scientific name

Roya Bengal Tiger

Saltwater crocodile

Water monitors

Rhesus monkey

Jackal
Little Cormorant
Open-bill stork
Common pochard

Bird species White stork
Common redshank

Giant honeybee

Javan rhinoceros (extirpated)

Wild buffalo (extirpated)

Panthera tigristigris
Crocodylus porosus
Varanus sal vator
Macaca mulatta
Canisaureus
Phalacrocorax niger
Anastomus oscitans
Aythya farina
Ciconia ciconia
Tringa tetanus

Apis dorsata
Rhinoceros sondaicus
Bubalus bubalis

Table 3.Plant species in Sundarban forest.

. Species observed in Sundarban
Plant species

forest
Legumes 35
Grasses 29
Sedges 19
Euphorbias 18

50 true mangrove plant
species recorded Sundarban alone contain 35 species
throughout the globe

Table 5.Fish diversity of Sundarban ecosystem.

Fish diversity Family Species
Pelagic fish 27 53
Demersal fish 49 124
Shrimps 5 24
Crabs 3 7
Lobster 8

(Source: Pasha and Siddiqui 2003)

Table 4. Within the forest habitats there are numerousgype Illicit removal of timber, firewood from the foresaind

of species present in Sundarbans.

Faunal species Diversity
Mammals 50 species
Inland and migratory birds 320 species
Reptiles 53 species
Amphibians 8 species
Fish 400 species
Protozoans 106 species
Birds 315 species
Snake 18 species

(Source: Rahmanand and Asaduzzaman 2010).

the absence of sustainable management practices are
the major forest conservation problems in the area.
rapidly expanding shrimp farming industry possesses
the crucial cause for deteriorating the mangrovesis

in Bangladesh. Moreover, recently, mangroves have
been used for fish, shrimp and especially giantrtig
prawn Penaeus monodon (Fabricius, 1798) farming
(Chowdhury and Ahmed, 1994). The Chokoria
Sundarban has been completely destroyed in recent
years because of shrimp farming (Iftekhar and Islam
2004). The Sundarbans mangrove forest ecosystem
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also has become vulnerable to pollution such as oiEconomical importance of Sundarbans

spillage, heavy metals, agrochemicals—especialljipe Provisioning services: Timber and fish are major
cides and nutrient enrichment-which may havevaluable provisioning services of Sundarbans. Total
changed the mangrove ecosystem's biogeochemistryolumes of extracted timber and fish as well asuahn
(Rahmanet al., 2009). The dyamics of Sundarbans is revenue from these services were not consistent in
mainly maintained by sedimentations from the threeevery year during the period of 2001-02 to 2009-10.
major rivers Ganga, Bramhaputra and Meghna. BothThis may be due to variation of timber and fishcsge

the spatial and temporal influences have been demoras well as their quality. Overall trend of timbetrac-
strated on the salinity in this region. While ddésiog tion was decreasing over the years. This coulduse d
mangrove forest of Sundarbans, general tendeniry is to moratorium on commercial harvesting of timber
describe this forest as ‘Pristine’ and totally devof from Sundarbans (moratorium imposed in 1989; Islam,
any human intervention (Ray, 2008). The estuary re-2010). Only the revenue from timber collected after
mained eutrophic for most time of the year and mieso natural calamities as well as timber seized frdegdl
rophic - eutrophic during the summer months. Over-encroachers were recorded by Forest Department,
load of nutrients flowing into the estuary resulied  which were accounted in the present study. On the
high levels of dissolved Nitrogen, Phosphorusc8if  other hand, fish harvesting was increasing over the
and supporting high algal growth. The Correlation same period. Similar results were found in the siofd
coefficient (p« 0.2) of all the parameters signifies that livelihood dependency on Sundarbans. The average
these components play crucial role to drive theltto ~ annual extraction of timber from Sundarbans was
level of the estuary. The coefficients of the regien  about 3567 rhduring 2001-02 to 2009-10, which is
equation indicate that phosphate, DO, turbiditfyoni  comparatively lower than previous study (nearly ®80
gen and silicate control the production of algairbass ~ m® in 1997, IRMP, 1998). It indicates that the timber
(and hence eutrophic state) in decreasing ordén-of extraction was decreasing over the past years.aVhe
fluence (Manneet al., 2010). Mangroves are the only erage economic value of extracted services from
woody halophytes dominated ecosystem situatedeat thSundarbans was US$ 74 per hectare per year for the
confluence of land and sea, they occupy a harsh env period of 2001-02 to 2009-10, whereas economicevalu
ronment, being daily subject to tidal changes im-te of timbers in mangrove of Indonesia was US$ 67 per
perature, water and salt-exposure and varying éegrehectare per year (Ruitenbeek, 1992). The extrasidn

of anoxia (Alongi, 2002). Eutrophication as well as services from Sundarbans not only depend on thoe pri
presence of toxic Dinoflagellates and Cyanophydeae of the services but also other factors in the ntarke
the tidal creek of Sundarbans estuary definitely re mechanisms. The average annual extraction of fish
vealed the deteriorated status of the water qualityfrom Sundarbans was about 6180 tonnes for thegberio
(Mannaet al. 2010). of 2001-02 to 2009-10, which is comparatively highe
The mangrove forest Sundarbans provides an importhan previous records (5699 tonnes per year) 06198
tant defence in limiting climate change impact®-pr 87 to 1993-94 (DFO, 1995). This may be due to in-
viding protection to coastal areas from tsunamid an crease in number of fish collectors and fish exinac
cyclones. Each year about eight storms with susthin (Uddinet al., 2013).

wind speeds greater than 63 km/hr form in the Bfay o Cultural services (tourism). Economic value of cul-
Bengal, with an average of two becoming tropical cy tural services of Sundarbans, as measured by houris
clones. Tropical cyclones Sidr in 2007 and Aila in shows that the number of tourist and annual revenue
2009 caused extensive damage. Mangroves serve eaglere increasing for the last 9 years. This resudi-i
year as a biological shield protecting coastal comim  cates that Sundarbans is being attracted by growing
ties from the worst effects of storm surge. Loss ofnumber of tourists for recreation in recent yebimw-
mangroves escalates the disaster risk for locallpep ever, economic value of tourism in Sundarbans (pear
tions from storm surge and flooding. The damage toUS$ 40 thousands per year from whole Sundarbans) is
Sundarbans caused by recent cyclone Sidr has beesiill less compared to other mangrove ecosystem lik
preliminary assessed at $142.9 million. It has2éf®  Sri Lanka (US$ 933 for domestic and US$ 1196 for
of the forest severely damaged (Saadi, 2010). @fima international tourists per hectare per year) (Badag
change is set to damage biodiversity of the Suratexb 2003). Promotion of ecotourism, special events and
increasing the immersed areas and salinity of wiater festivals in Sundarbans can increase revenue from
coastal areas. A report by UNESCO, entitled "Casetourism (IRMP 1998). Tourism friendly infrastructsr
Studies on Climate Change and World Heritage", hasare also necessary to promote tourism in Sundarbans
stated that an anthropogenic 45 cm rise in global s (Uddinetal., 2013).

level (likely to happen by the end of the twentgtfi ~ Regulatory services (coastal protection)The coastal
century, according to the Intergovernmental Pamel o protection value of Sundarbans was estimated almost
Climate Change), combined with other forms of an- US$ 42 million/year, which is the highest value ago
thropogenic stress on the Sundarbans, could letitkto all ecosystem services of Sundarbans. The estimated
destruction of 75 % of the Sundarbans mangrovesvalue provides an indication that Sundarbans heatgr
(UNESCO, 2007). importance for coastal protection benefits to the
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coastal communities in Bangladesh. Sundarbans man- Bangladesh fore_stryEIectr(_)nic Green Journal. URL:
grove saves lives and properties of coastal communi  http://escholarship.org/uc/item/2c34v67q. ’
ties acting as barriers against winds and storrgesur  Alongi, D.-M. (2?02).t£re§ent étate ggdgfgtlurgig world’s

: ; . ) mangrove forest&Environ. Cons.,29: 331-349.
(Hirway and Goswami 2007; Rahman 2009). Man Alongi, D. M. (2009). 'Paradigm Shifts in Mangrofaol-
groves also serve as coastal defence and redustakoa

; - ogy', In: Perillo, G., Wolanski, E., Cahoon, D. aéih-
flooding and coastal erosion (SCBD, 2009). If we son, M. (eds) Coastal Wetlands: An Integrated Ecosys

could estimate the value for reduction of coadtad tem Approach; London, Elsevier.

and erosion by Sundarbans together with value foramin, M.N. (2002). Biodiversity and Floristic Comptien

coastal protection from cyclone and storm surge, th of Sundarbans in Bangladesh, archives of EnviroNews

total value of regulatory services would be much Newsletter of ISEB India. 8: 4.

higher (Uddiret al., 2013). Annandale, N. (1922). The marine elements in thedaof
GangesBijdr Dierk. 22: 143-154.

Conclusion Banerjee, A. (1998). Environment, population and aom

, . settlements of Sunderban Delté. 1
Sundarbans, the world’s greatest continuous maegrovpganglapedia, (2010). National Encyclopedia of Bangid
expanse, has substantial ecological and economical URL: http://banglapedia.net.english/index.htm.
importance at local, national and global level. Tdtal Batagoda, B.M.S. (2003). The economic valuation tefrah-
number of people directly employed in the Sundasban tive uses of mangrove forests in Sri Lanka. UNEP/
is estimated about 500,000 to 600,000 numbers for a  Global Programme of Action for the Protection oé th
period of 6 months per year. Besides these 120'000 Marine Environment from Land-based Activities, The
tourists visit Sundarbans heritage site per yeat an Hague. _
about 50,000 fishermen and other stakeholders worlgose, T.. Baguli, T'K%' r?mofs'hﬁ A.(l;.f_ arf]_thask?.[é K-R.
daily in the Sundarbans. The annual value of thedvo (1999). A review of shell fish and fin fish specfesm

the brackish water fisheries of the Sundarbanstlaid
products removed from the Sundarbans reserve forest impact on the mangrove.

is 100 million USD and the value of standing timber gose, S. (2002). The Sundarbans Biosphere: A Study On

has been calculated at 2.09 billion USD. The annual Uncertainties And Impacts In Active Delta Region.

value of fish caught from Sundarbans is 304 million Centre for Built Environment, Kolkata.

USD, which is three times larger than the annuhleva Champion, H.G. (1936). A preliminary survey of thueist

of forest products, i.e. 102.09 USD from wood prod-  types of India and Burmandian Forest Reocrd (New

ucts and value of standing timber. Shrimp culturd a Series) 1. 1-286.

tourism will be the main economic activities in the Chaudnuri, A.B. and Choudhury, A. (1994). Mangroves of

. . . the Sundarbans, India. IUCN, Bangkok.

near future in _Sundarbar_ws. The annual Incom_e _ef !'V Mangroves of the Sun- derbans: Volume 1 India, IUCN,

lihoods from fish was higher than other provisianin Bangkok.

services of Sundarbans, which is similar to the iled choudhury, M.A. (1984). Integrated Development oé th

creek mangrove of Kenya. The study showed that av-  Sundarbans, Bangladesh: Silvicultural Aspects of the

erage annual income from fish was almost US$ 390  Sundarbans, FAO Report No/TCP/BGD/ 23 09Wf, W/

per household per year in Sundarbans, whereas it is R003.

lower in Bhitarkanika mangrove in India (US$ 68 per Choudhuri, A.B. and Choudhury, A. (1994). In Chowdhury

household per year) and US$ 90 per households per R.A. and Ahmed, I. (1994). History of forest manage-

year in Mida Creek mangrove forest, Kenya. Further- ment Bangladesh. In: Mangroves of the Sundarbans.
. . . . Hussain Z, Acharya G. (eds.), pp.155-180. IUCN Wet-

more, since future climate change will have immacthe

: o lands Program, Gland, Switzerland.
ecosystem services of Sundarbans, the dependgihblods  pas s K, Sa?kar, P. K., Saha, R., Viyas, P., BaAdA. and

will also be affected by changes of production eaide of Vattakavan, J. (2012). Status of Tigers in 24-Raga
services. Employment and income generation of ilivel (South) Forest Division, West Bengal, India. Wonide
hoods from Sundarbans will be changed Fund for Nature-India, New Delhi.
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