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Abstract

Sundarbans are highly productive mangrove wetland ecosystems, contributing several social, financial and environmental
benefits. The forests have a great role in the countries national economy, and provides livelihood for the local people through
fishing, tourism, wood and non-wood products. But despite several laws, policies and management plans, the forest is now
showing clear signs of degradation. The aim of this study is to explore the major causes of degradation of Sundarbans man-
grove forest in Bangladesh and to propose a management approach for its sustenance. It was found that, biodiversity and
ecosystem of the Sundarbans is threatened due to several natural and human induced pressures, including overexploitation
of forest resources, changes in coastal land use, pollution from industrial and agricultural sources, oil spillage, upstream
water flow reduction, increased salinity level, disease outbreaks, fire occurrence, climate change, rise in sea level, natural
disasters, lack of knowledge about forest conservation, uncontrolled tourism, inadequate planning and management, and
increase in man—animal conflicts. In this background, an integrated approach is proposed, by refining the existing manage-
ment and combining updated information through supplementary scientific studies and expeditions on mangrove forests.
Proper implementation of the proposed resilient strategies i.e., incorporate all stakeholders to protect the forest, awareness
programs, reduced forest dependency of local people, strengthen monitoring, ecological restoration, implementation of legal
bindings, disaster management and adequate research and planning can be helpful for sustainable management of Sundarbans
and similar mangrove forests around the world.
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Introduction

Mangroves are swamp forests, found in sheltered estuaries
along with river banks and lagoons in the tropical and sub-
tropical countries (Kumar et al. 2016; Malik et al. 2017).
They are renowned for their floral and faunal diversity
(Iftekhar and Takama 2008), with some particular adap-
tive capacities to the coastal environment i.e., coastal tides,
salinity, siltation and sedimentation (Paul et al. 2017).
Mangroves have great role in countries national economy
by their natural productivity and variety of products and
services, in the form of renewable resources (Aheto et al.
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2016). The economic potential of mangroves depends on
three key sources; forest products, fisheries, and ecotourism
(Paul et al. 2017). Moreover, mangroves play a vital role
in coastal protection and preservation of habitats of endan-
gered species (Mukhtar and Hannan 2012; Sandilyan and
Kathiresan 2014).

The global pattern of biodiversity in mangroves showed
that, over 41% of the world’s mangroves exist in South
and Southeast Asia, where Indonesia alone occupied for
23% (Malik et al. 2017). A further 20% of the total man-
grove areas lie in Australia, Brazil and Nigeria (Gopal and
Chauhan 2006). However, the mangroves located in Gan-
ges—Brahmaputra—Meghna (GBM) delta shared between
Bangladesh and India are the largest mangrove forests in
the world. It covers around 6017 km? area and represents
a unique ecosystem being habitat for the endangered Royal
Bengal Tiger (Panthera tigris) (Iftekhar and Saenger 2008).
Considering the conservational value of the Sundarbans, in
1997 United Nations Educational, Scientific and Cultural
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Organization (UNESCO) has declared 1397 km? forest
area as the World Heritage site (WCMC 2001). Besides,
south-west part of this forest (Ramsar site) is also declared
as world’s most important wetlands (Islam 2011). This for-
est is economically very significant to the marginal people
of south-western Bangladesh, and is responsible for nearly
41% of the total forest revenue in Bangladesh (Roy and Hos-
sain 2015). But, Sundarbans mangrove forests at one time
covered nearly double the area, what exists at present (Das
and Mandal 2016). In recent decades, mangroves have been
increasingly threatened due to several human induced pres-
sures i.e., changes of land use patterns, effluent discharges
from industry and aquaculture ponds, decrease in freshwater
flow, agricultural run-off, and oil spillage from sea ports;
which have severe negative effects on biodiversity of Sunda-
rbans (MacFarlane et al. 2007; Islam and Bhuiyan 2016;
Chowdhury and Maiti 2016; Das and Mandal 2016). In addi-
tion, several diseases, natural disasters, rise in sea level and
insufficient regeneration also affect the Sundarbans (Hos-
sain et al. 2015). Degradation also occurred because of the
development of Mongla export processing zone (EPZ) and
sea ports in Khulna, for exports and imports (Hossain et al.
2015). The influence of anthropogenic pressure and con-
taminants from various sources may change the ecological
stability of the mangroves in long run (Hossain and Bhuiyan
2016).

Owing to the concept of sustainable development and
coastal environmental conservation in Southeast Asian coun-
tries, it is of great importance to understand the Sundarbans

mangrove ecosystem, which is under threat due to natural
and anthropogenic causes (Kumar and Ramanathan 2015;
Neogi et al. 2016). To manage mangrove ecosystems sus-
tainably within an integrated approach, it is essential to iden-
tify the information gaps and constraints. Although man-
groves have been exploited for many centuries, the initiative
for sustainable resources exploitation remained elusive. In
these circumstances, this paper reviews the Sundarbans
mangrove ecosystem, its services and role to the national
economy of Bangladesh. This study also emphasizes to find
out the causes of deteriorating Sundarbans mangrove, and
finally propose an adequate future management guideline
for sustainable forest management and conservation of this
world heritage site.

Sundarbans mangrove and its role
in national economy

The Sundarbans are the world’s largest mangrove forests,
situated between India—Bangladesh border. These are
located at the northern shoreline of the Bay of Bengal and
the Bangladesh part of the Sundarbans lies between 89°00’
and 89°55'E and 21°30'=22°30'N (Fig. 1). It is known as
one of the most diverse and productive ecosystems in the
world (Borrell et al. 2016). Apart from being a unique
ecosystem, Sundarbans provide extensive protection to
coastal populations from cyclones, tidal flooding, erosion
and other natural disasters (Das and Vincent 2009; Payo
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Fig. 1 Sundarbans mangrove forest in coastal zone of Bangladesh
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et al. 2016). For example, in case of recent cyclones Sidr
(November 17, 2007) and Aila (May 25, 2009), Sundar-
bans acted as a protective barrier for the coastal communi-
ties (Islam 2013; Bhowmik and Cabral 2013). This forest
consists of 200 islands, detached by 400 inter connected
tidal rivers and canals (Banglapedia 2010). According to the
recent estimation, the area of the Sundarbans in Bangladesh
is 599,330 ha; which contains about 62% (Rahman et al.
1979) and the rest of the area (426,300 ha) is in West Bengal
province of India (Sanyal 1983). It is a habitat for diverse
floral and faunal species. In Sundarbans, nearly 334 species
of plant, 50 species of mangrove, 35 legumes, 29 grasses,
19 sedges, and 18 euphorbias were identified by Chaffey
et al. (1995). Among them, most significant and economi-
cally important plants are; Sundari (Heritiera fomes), Goran
(Ceriops decandra), Garjan (Rhizophora mucronata), Gewa
(Excoecaria agallocha), Golpata (Nypa fruticans), Keora
(Sonneratia apetala), Passur (Xylocarpus mekongensis),
Baen (Avicennia officinalis), Chanda lota (Dalbergia can-
denatensish), Amur (Amoora cucullata), Dhundul (Xylocar-
pus granatum), and Nol-hash (Eriochloa procera). However,
Sundari is considered as threatened, due to the occurrence of
top dying disease (Rahman et al. 2003; Sarwar 2015). The
Bhat Kati (Bruguiera parviflora) and Kala Baen (Avicennia
marina) are also rare plants found in Sundarbans (MoEF
2010). In addition, Sundarbans are habitat for variety of fau-
nal species. Bangladesh part of Sundarbans is known to have
45,42, 46 and 36% mammals, birds, reptiles and amphibian
species respectively, amongst the total wild life species of
Sundarbans including West Bengal (India) part (Table 1).
The Sundarbans is host to about 50 species of mammals, 320

species of birds, 53 species of reptiles, 11 species of amphib-
ians, 177 species of fish and 873 species of invertebrates
(Table 1). However, 10 species of mammals, 11 species of
birds, 16 species of reptiles and 1 species of amphibians are
identified as endangered in Sundarbans (Khan 2013). Some
of the endangered species are Royal Bengal Tiger (Panthera
tigers), Jungle cat (Felis chaus), Rock python (Python molu-
rus), Estuarine crocodile (Crocodilus porosus), Irrawaddy
dolphin (Orcaella brevirostris), Northern river terrapins
(Batagur baska), King crabs (Horse shoe), and Green frog
(Euphlyctis hexadactylus) (Sarker 1993).

Mangrove forests served various economic, social and
environmental benefits. These forests provide livelihood
for local people through fishing, honey and wax collection,
tourism, wood and non-wood products (Islam and Islam
2011). Table 2 provides the information about shrimp, crab,
honey, snails and bee wax production since the fiscal years
1999-2000 to 2012-2013 from Sundarbans. Sundarbans
mangrove forest also meet the demand of wood for fuel,
furniture, house posts, boats, bridges, construction and other
things for household purpose. In 2003-2004 the estimated
wood production by the Forest Department was 433,000 t
(Hoq 2008). Table 3 provides the list of economically impor-
tant trees and their uses, which have great role in national
economy of Bangladesh. Former study showed that, only
Sundari and Gewa trees of Sundarbans cover 40 and 21 m?/
ha/year, respectively, with monetary value equivalent to
125 and 23 US$/m? respectively (Uddin et al. 2013). The
revenue income from forest is continuously increasing, due
to increase in the tourists and visitors which enhanced by
almost 25 times in 20122013 in comparison to 2000-2001

Table 1 Comparison of

o R Taxonomic group World’s species’ Species in sub- ~ West Ben- Bangladesh Sundarbans

it e n Bt et i
(India) and around the worl%i. Sundarbans*
Ezﬁgfiégﬁﬂ&ngﬁafggi)&ol N Protozoa 31,250 2577 106 175
HUCN (2003)’, *Khan (1986), ’ Porifera 4562 500 Invertt?brates Invertebrates 873°¢
fKhan (2013) Cnidaria 9916 842 species 1104

Ctenophora 100 12

Rotifera 2500 330

Gastrotricha 3000 100

Platyhelminthes 17,500 1622

Nematoda 30,000 2850

Mollusca 66,535 5072

Echinodermata 6000 765

Arthopoda 987,949 68,389 Shrimps 24¢

Crabs7¢

Fish 21,723 2546 481 177¢

Amphibians 5150 248 - 8°/11°¢

Reptiles 5817 460 55 50°/53%

Birds 9026 1232 248 2611320

Mammals 4629 397 58 50f
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Table 2 Products and services

. Financial year Shrimp (no.) Crab (t) Honey (t) Snails (t) Bees wax (t)

production from the Sundarbans

;ince 199]9)*2(228 ;g)2§§*2013- 1999-2000 - - 555.20 6089.80 138.90

(;(;‘fgisgﬂai DoF (301 4‘3‘“ 2000-2001 - - 346.50 6007.90 86.60
2001-2002 3,436,940 364.20 234.10 3250.30 61.90
2002-2003 9,828,200 1384.0 279.60 774.60 64.20
2003-2004 54,900 2144.0 337.80 1531.00 84.44
2004-2005 - 2924.0 396.20 2362.90 98.92
2005-2006 - 2998.0 321.80 3230.30 80.00
2006-2007 - 2135.0 599.40 203.60 141.50
2007-2008 569,560 4014.84 374.00 134.60 93.51
2008-2009 1,175,020 3625.19 304.22 01.10 68.02
2009-2010 434,200 15,397.37 175.65 00.30 69.69
2010-2011 73,200 3106.93 361.50 1028.90 81.29
2011-2012 - 1301.56 165.45 1036.58 41.74
2012-2013 - - 186.32 1032.21 40.25

Table 3 Economically important plant species of the Sundarbans and their uses. Sources: Rahman et al. (2010), Khan (2013), Aziz and Paul

(2015)
Family Scientific name Type of plant Main uses
Avicenniaceae Avicennia officinalis Tree Fuel wood, anchor
Combretaceae Lumnitzera racemosa Small tree Fuel wood, posts
Euphorbiaceae Excoecaria agallocha Tree Matchsticks and raw material for newsprint
Leguminosae Cynometra ramiflora Small tree Fuel wood, charcoal
Malvaceae Xylocarpus mekongensis Tree Furniture, bridges, house
Meliaceae Xylocarpus granatum Small tree Fuel wood
Palmae Nypa fruticans Recumbent Palm with under- Thatching for houses
ground stem
Rhizophoraceae Phoenix paludosa Thorny palm Post and rafters for huts
Rhizophoraceae Bruguiera spp. Tree Furniture, bridge and house construction
Rhizophoraceae Ceriops decandra Shrub or small tree Fuel wood, house posts, charcoal
Arecaceae Nypa fruticans Palm Hose construction, biofuel, medicinal use
Sonneratiaceae Sonneratia apetala Tree Packing boxes, paneling
Sterculiaceae Heritiera fomes Tree House construction, hard boards

(Fig. 2a, b). Total revenue income from the forest products
of Sundarbans are mentioned in Table 4. The increase of
revenue collection from US$ 717,409 in 2008-2009 to US$
879,181 in 2012-2013 fiscal year is shown.

Causes of degradation of Sundarbans
mangrove ecosystem

Sundarbans mangrove forest is one of the most threatened
wildlife habitats over the globe. The increasing trend of
human population and their forest dependent livelihood
is the main reason for mangrove degradation (FAO 2004;
Ali et al. 2006). Besides overexploitation, carelessness of
restocking, land reclamation, pollution, fishing and shrimp

@ Springer

farming activities also create serious threats (Chowdhury
and Maiti 2016). It has been witnessed that, 5% of forest
cover was decreased within the period of 1989 and 2010
(Mahadevia and Vikas 2012). However, the major causes of
the degradation of Sundarbans mangrove are described in
the following sections.

Over exploitation and illegal forest cutting

To meet the rising demand of people, Sundarbans are facing
over exploitation. Encroachment and illegal cutting of timber
and firewood are the major problems (Paul et al. 2017). The
main reasons of illegal forest cutting are; wide demand of
wood, and unemployment in nearby areas. Sundarbans are
situated near the Khulna news paper mill, which relies on
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Fig.2 a Number of tourists visited in Sundarbans, and b the revenue
income (lac in BDT), since 2000-2001 to 2012-2013. Sources: DoF
(2014) and Roy and Hossain (2015)

nearby legal timber supplies (Rahman et al. 2010). Although,
local people collected timber and fuel wood, animal fodder,

medicines, fish, crabs, and honey for centuries, but recently
significant exploitation occurred due to the increase of popu-
lation pressure on Sundarbans (Rahman et al. 2010). Table 5
illustrates the scenario of forest cover change between 1989
and 2015, analyzed by remote sensing images. Due to illegal
encroachment, biodiversity of Sundarbans is quickly disap-
pearing. Table 6 shows the rare, threatened and endangered
floral species; and Table 7 shows the threatened and extinct
faunal species of Sundarbans. Moreover, fishing and collect-
ing non-timber wood is the main livelihood for local people,
which put the mangrove environment under incredible pres-
sure. It has been also reported that, the density of fishes in
shallow waters has declined (Mahadevia and Vikas 2012).
Further, due to excessive collection of shrimp seed and arti-
ficial culture in forest areas, mangrove ecosystem is severely
threatened (Islam and Bhuiyan 2016).

Change in coastal agricultural patterns and land use

Due to rapid population growth, present agriculture produc-
tion is insufficient to meet the demand of the surrounding
areas of Sundarbans. The main economic activity of the
local people is to cultivate salinity tolerant rice species (Hus-
sain 2013; Islam et al. 2016). Besides, rapidly expanding
shrimp farming and salt production (evaporation of seawa-
ter to produce salt) take part in deterioration of the man-
groves of Bangladesh (Islam and Bhuiyan 2016; Abdullah
et al. 2017). The land cover of shrimp farm has increased
from 22,000 to 276,000 ha between 1980 and 2013 (Islam
and Bhuiyan 2016). Mangrove swamps are used for fish-
ing, and shrimp farming mainly giant tiger prawn (Penaeus

Table 4 Forest products and revenue earned during 2008-2009 and 2012-2013 from the Bangladesh part of Sundarbans. Sources: Aziz (2013),

Department of Forest (2014), Aziz and Paul (2015)

Type of forest 2008-2009 2012-2013

Produces (unit) Amount Revenue (BDT) Amount Revenue (BDT)
Excoecaria agallocha (1/m3) 613 779,626 252 1,254,319
Ceriops decandra (no.) 88,708 363,628 66,578 379,290

Nypa fruticans (t) 37,534 4,620,713 31,761.6 8,275,050
Fishes (t) 4524.5 21,331,210 3484.5 13,569,648
Grass (t) 493 10,853 1101 29,837

Phoenix paludosa (t) 60 42,846 73.02 105,899

Honey (t) 110 608,520 233 1,747,422
Mollusk shell (t) 1349 40,987 182.714 32,888

Wax (t) 22.81 228,195 58.93 589,315

Crab (t) 1318.5 3,743,765 1253.80 4,901,712
Tourists (no.) 183,600 4,419,960 150,037 19,873,725
Wood (1/m?) 522.60 8,452,509 293 2,220,170

Fuel wood (1/m?) 850 557,209 453 8,39,173
Miscellaneous - 10,040,444 - 13,878,556
Total - 48,202,163 or US$ 717,409 - 67,697,004 or US$ 879,181
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Table 5 Changes of vegetation

Vegetation health

Area (m?) in 2015 Area (m?) in 1989 Area (m?) in 2015

- Category Vegetation density
density and health of
Sundarbans since 1989-2015, Area (m?) in 1989
determined by remote sensing
image. Source: Paul et al. Very low 50,230
(2017) Low 85,561
Moderate 102,721
High 108,554
Very high 110,336

31,208 3944 7702
86,190 14,309 22,232
105,166 34,950 46,793
106,901 77,392 79,385
107,964 106,895 101,229

Table 6 Rare, threatened and endangered floral species of Sundar-
bans mangrove forest. Sources: Gopal and Chauhan (2006), Khan
(2013), Aziz and Paul (2015)

Family Species Status
Rhizophoraceae 1. Rhizophora apiculata Occasional
2. Bruguiera parvifl ora Occasional
3. Ceriops decandra Occasional
4. Kandelia candel Occasional
Meliaceae 5. Aglaia cucullata Rare
6. Xylocarpus mekongensis Threatened
7. Xylocarpus granatum Threatened
Sterculiaceae 8. Heritiera fomes Threatened
Rubiaceae 9. Scyphiphora hydrphyllacea Very rare
10. Hydrophyllax maritime Very rare
Tiliaceae 11. Brownlowia lanceolata Occasional
Arecaceae 12. Nypa fruticans Occasional
Acanthaceae 13. Acanthus volubilis Very rare
Papilionaceae 14. Cynometra ramifl ora Rare
15. Dalbergia spinosa Rare
Sapotaceae 16. Manilkara hexandra Rare
Rutaceae 17. Atalantia correa Very rare

monodon) farming (Rahman et al. 2010). For example, the
Chokoria Sundarban at the eastern coast of Bay of Bengal
has completely been destroyed because of shrimp farming
(Iftekhar and Islam 2004; Rahman and Hossain 2015). There
are 14 different fishing methods and ghers (shrimp farming
ponds) used by the fisherman inside the Sundarbans (Islam
and Bhuiyan 2016). Immense clearance of mangroves is tak-
ing place to build shrimp culture ponds, which also results
in reduction of the mangrove habitat (Islam and Bhuiyan
2016). Shrimp farms are extensively grown-up at the south-
western coastal region of Bangladesh. Huge amounts of
agrochemicals and hormones are used in shrimp farms to
control the disease and pests (Hossain et al. 2013; Islam and
Bhuiyan 2016), which ultimately degrade the coastal ecosys-
tems. Moreover, about 4520 t of pesticides are being used for
agricultural activities in the coastal districts of Bangladesh
(Rahman et al. 2009). Among them, almost 25% (1130 t) of
pesticides residue may go to the nearby water bodies (FRI
1994; Rahman et al. 2009). This indiscriminate and exces-
sive use of pesticides poses great threat for aquatic environ-
ment of mangroves, and contaminate the food chain.

@ Springer

Coastal pollution

To improve the living standards in coastal areas, recently
various industrial activities have come up along with aqua-
culture farming which discharged huge amount of garbage,
wastewater and others effluents (Rahman et al. 2010).
Increased movement of tourist ships and boats causes noise
pollution and wastes released from them also degrade the
wild environment (Hussain and Acharya 1994). Sundarbans
mangrove ecosystem also became vulnerable due to pollu-
tion by different trace elements and agrochemical residues,
which may change the biogeochemistry of mangroves (Rah-
man et al. 2009). Pesticides and high concentration of trace
elements e.g., Cd, Cr, Cu, Pb, and Zn were identified in
mangrove sediments (Chowdhury and Maiti 2016; Kumar
et al. 2016). Table 8 shows the trace metals concentrations
of Sundarbans, compared with other mangroves in the world.
It was found that, toxic Zn accumulation capacity of shrimp
is much higher, in comparison to other fish species (Ghosal
et al. 1997). Ahmed and Ali (2004) found that trace metal
concentration in some benthic animals e.g., hermit, king
crab, mudskipper, and gastropod exceeds the tolerant limit
in Pasur river of Sundarbans. Table 9 describes the concen-
trations of trace elements uptake by some species of Sundar-
bans. Due to excessive trace metal contamination, mangrove
plants may initiate a variety of sub-cellular responses, which
can change the cellular structure (Arora et al. 2010). Rahman
et al. (2009) reported high concentration of trace elements
in mangroves is changing the physiology of species, causing
death of plants and animals, contaminating the food chain
and rising the risk to future re-generations.

Oil spillage

Contamination by oil spillage is a severe threat for man-
groves, and harmful for aquatic species and sea birds.
Sources of oil pollution are potentially due to the Mongla
sea port situated just 3 km away from the Sundarbans. This
port annually deals with approximately 1500-1600 ves-
sels and 12,000-13,000 cargo ships (Rahman et al. 2009).
Frequently, shipping vessels pass through the Sundarbans
using north-east route (Scott 1989). Many mechanized
river crafts and fishing boats also enter the Sundarbans
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Table 7 Threatened and extinct fauna of Sundarbans mangrove forest. Sources: Asmat (2001), Gopal and Chauhan (2006), Khan (2013), Rah-

man (2014)

Threatened fauna

Extinct fauna

Common name Scientific name

Common name

Scientific name

Mammals

Barking Deer Muntjanus muntjack

Royal Bengal Tiger Panthera tigris tigris
Leopard Cat Felis bengalensis
Fishing Cat Felis viverrina
Gangetic Dolphin Platinista gangetica
Irrawady Dolphin Orcaela brevirostris
Little Indian Porpoise Neophocaena phocaenoides
Chinese Pangolin Manis pentadactyla
Reptiles
Estuarine Crocodile Crocodylus porosus
Olive Ridley Turtle Lepidochelys olivacea
Batagur Turtle Batagur baska

Indian Flapshelled Turtle
Indian Softshelled Turtle
Indian Tent Turtle
Yellow Monitor

Lissemys punctata
Trionyx gangeticus
Kachuga tecta

Varanus flavescens

‘Water Monitor Varanus salvator

Indian Rock Python Python morulus
Aves/birds

Great Goliath Heron Ardea goliath

Dalmatian Pelican Pelecanus phillippensis

Lesser Adjutant Stork Leptotilos duius

Striped Hyena

Malayan sun Bear

Smaller One Horned Rhinoceros
Asiatic Gaur

Wild Buffalo

Bulebull

Pygmy Hog

Wolf

Great one Horned Rhinoceros
Two Horned Rhinoceros
Banteng

Black buck

Swamp Deer

Indian Egg Eating Snake
Mud Turtle

Bengal Pinkheaded Dock
Bengal Florican

Painted Stork

King Vulture

Indian Peafowl

Green Peafowl

Greater Adjutant

Hyaena hyaena
Helorctos malayanus
Rhinoceros sondaicus
Bos frontalis

Bubalus bubalis
Bocehpalus tragocamelus
Sus salvinus

Canis lupus

Rhinoceros unicornis
Dicerohinus sumatrensis
Bos javanicus

Antelope cervicapra
Cervus duvauceli

Elachistodon westermanni
Trionyx nigricans

Rhodonessa caryophyllacea
Eupodotis bengalensis
Mpycteria leucocephala
Sarcogyps calvus

Pavo cristatus

Pavo muticus spicifer
Leptoptilos dubius

frequently. These vessels discharge waste oil and cause oil
spillages, and release others wastes (UNEP 2001). Crude
oil and its byproducts also create serious contamination,
during the shipment through the rivers of Sundarbans
(Rahman et al. 2010). Rahman et al. (2009) gave an esti-
mation about the crude oil spills in Bay of Bengal, and
it is reported to be around 400,000 t per year, where the
contribution of Bangladesh is nearly 6000 t. Bangladesh
imports approximately 1.20 and 0.5 million tons of crude
oil and refined oil annually, which is shipped via small
tankers (PMA 2005). Contamination mainly occurred
from these vessels and sometimes from accidental spill-
ages. There are many examples of such accidental spillage.
Since 1990, huge oil spill was noticed in Chandpai Range
of Sundarbans from unknown source. Again, near the
Dhangmari forest station an oil spill occurred in 1994 due
to ship wreckage, which spread almost 15 km (Rahman

et al. 2009). Recently (in 2014), a vast oil spill occurred at
the Shela River in Sundarbans. The spill occurred when an
oil-tanker carrying 350,000 I of furnace oil, collided with
a cargo vessel and sank in the river and the oil spread over
350 km? area (The Daily Star 2014; SOSA 2014). Such
spills threatened trees, plankton, small fish, dolphins and
birds. The water soluble fractions of oils like; benzene
(C¢Hyg), toluene (C4HsCHj5), and phenols (CqH;OH) are
very toxic to floral and faunal species of Sundarbans (Rah-
man et al. 2010). Shigenaka (2002) found that, aromatic
hydrocarbons having lower molecular weight are the main
components of oil mixtures, which can damage the cellular
membranes of mangrove roots. Moreover, oil attached on
the leaf surface can block stomata and affect photosynthe-
sis, respiration, and metabolism of the mangrove plants
(Rahman et al. 2010).
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Table 8 Comparison of trace elements concentrations (ug/g) in sur-
face sediment of Sundarbans with mangrove sediments around the
world. Sources: *Kumar et al. (2016), bRanjan et al. (2008), “Ray
et al. (2006), dSingh et al. (2005), “Janaki-Raman et al. (2007),

fGuzmén and Jiménez (1992), gPerdomo_ et al. (1999), "MacFarlane
et al. (2003), 'Preda and Cox (2002), 'Harris and Santos (2000),
XMachado et al. (2002), 'Tam and Wong (2000), "Ong Che (1999)

Locations Cd Cr Ni Cu Zn Pb Fe Mn As Co
Sundarbans® 0.09 52.87 207.31  44.69 74.09 25.61 42,172.17  740.95 19.80 17.56
Pichavaram® 3474  617.00 252.10 132.30 106.00 143.80  24,998.00  801.00 - -
Godavari® 10.90  2.20 25.70 47.80 - 55.80 4575.00 1059.00 - -
Goa! - - 52.00 26.00 - - - 767.00 - -
Muthupet® 0.24 14120  62.00 32.00 89.00 11.20 32,482.00  701.00 - -
Panama

PuntaMala Bay® <10 23.30 27.30 56.30 105.00  78.20 9827.00 295.00 - -

Toro Point 6.60 13.70 82.40 4.90 199.90  38.00 1885.00 294.00 - -

Galeta' 7.20 12.80 74.00 4.00 10.90 32.50 1748.00 143.00 - -

Payardi’ 7.50 10.00 91.80 4.00 16.10 33.30 2094.00 228.00 - -
Costa Rica

Punta Portete’ 7.30 22.60 102.00  8.40 14.70 34.50 3225.00 268.00 - -

Punta Piuta® 6.00 19.80 99.00 9.80 11.40 25.60 6118.00 525.00 - -
Colombia

Cienaga Grande® 1.92 13.20 32.50 23.30 91.00 12.60 15,593.00  623.00 0.059 -
Australia

Port Jackson" - - - 62.00 145.00 180.00 - - - -

Hawksbury" - - - 18.90 94.00 26.40 - - - -

Queensland! 0.60 1-72 9.00 1-12 23-56 36.00 1056.00 103.00 - -
Brazil

Clean Mangrove! 0.60 - - 3.82 24.20 - 2464.00 - - -

Guapimiri Mangrove® - - 12.00 28.30 26.70 26.00 - - - -

Sao Goncalo MangroveX - - 8.70 18.0 610.00  20.00 - - - -

Ilha do Governador Mangrove® — — - 6.00 80.00 263.00 130.00 - - - -

Dugque de Caxias MangroveX - - 10.30 46.70 53.30 86.70 - - - -
Hong Kong

Clean mangrove' 1.08 2.90 31.20 43.00 96.00 2.60 1.20 - - -

Mai Po™ 0.60 14.00 66.00 46.00 293 199 423 - - -

Upstream water flow reduction and salinity

Stream flow of Ganges, Bahmaputra and Meghna (GBM)
rivers are the sources of freshwater in Bangladesh (Rahman
et al. 2016; Bhuiyan et al. 2017). Sundarbans mangrove for-
ests receive freshwater discharge mainly from the flow of
Ganges River (Rahman and Rahman 2017). Annual peak
discharge of the river varies from 31,600 to 76,000 m?/s
and minimum discharges were found to be 657-858 m>/s
near the Hardinge Bridge, located about 185 km upstream
of Sundarbans (Aziz and Paul 2015). The Gorai River origi-
nates from the Ganges and the freshwater carried by it is
distributed to Passur (85%) and Baleswar (15%) rivers. But
the pattern has changed since 1975, due to the diversion
of water at Farakka Barage in India, just 17 km upstream
from Bangladesh (Mirza 1998). It has been found that, since
the period of 1997-2015, the maximum, average and mini-
mum discharges have reduced by almost 23, 43 and 65%,
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respectively, in dry season (January—May), comparing to the
pre-barrage period i.e., 1935-1975 (Rahman and Rahman
2017). The Sundarbans ecosystem depends on the avail-
ability of fresh water. But, due to reduction of water flow
from upstream, salinity rate increased from 10 to 25 dS/m
in between 1968 and 2003 (Islam and Gnauck 2009). As
a result, the regeneration of Sundari, the dominant timber
species of Sundarbans has reduced in the south-western part
(Paul et al. 2017), which are the high salinity affected areas
of Sundarbans (Fig. 3). Salinity is an important physiologi-
cal factor, used as one of the influencing parameters to assess
the potential for plant species and brackish water animals
(Nandy et al. 2007). Optimum level of salinity is essential
for plant growth (Clifford 1985). Balanced water flow main-
tains the optimum environmental and ecological conditions
for mangroves development. But due to fresh water with-
drawal from the Ganges River in upstream, coastal mangrove
ecosystem is now severely threatened (Rahman et al. 2016,
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Table 9 Concentrations (mg/kg dry weight) of trace elements uptake by some species of Sundarbans

Locations Species Trace Elements References
Zn Cu Cr As Pb Hg Cd

Indian Sundarbans (4 P. monodon 16-80 10-60 - - 5.5-10 - 0-2.5 Mitra et al. (2012)
stations)

Indian Sundarbans (5 P. monodon 7-4810 - - - 7-25 - 0.01-0.54 Guhathakurta and Kavi-
stations) raj (2000)

Bay of Bengal (Bang-  P. monodon 24-35 12-21 1.729 - 0.8-1.3 - 0.2-0.3 Hossain and Kahn (2001)
ladesh

Bangladesh Sundarbans P. monodon 48-55 18-25 1.6-54 0.3-04  0.02-0.06 0.08-0.11 0.003-0.008 Borrell et al. (2016)

Bangladesh Sundarbans S. serrata 85.5 6.28 - - 6.77 - 0.55 Ahmed et al. (2011)

Bangladesh Sundarbans S. serrata 155-207 36-84 1.7-2.4 4-18 0.05-0.15 0.08-0.26 0.06-0.3 Borrell et al. (2016)

Indian Sundarbans H. nehereus 11-16 nd-5 - 0.07-1.96 - 0.3-2.57 0.17-1.96 Kumar et al. (2012)

Indian Sundarbans H. nehereus — - - 20.62 - - - Fattorini et al. (2013)

Bay of Bengal Bang- H. nehereus 34 35 - - 2.2 - 0.009 Sharif et al. (1991)
ladesh

Bangladesh Sundarbans H. nehereus 2944 2-4 3.2-4.8 2-3 0.2-0.3 0.03-0.06 0.18-0.28 Borrell et al. (2016)

Indian Sundarbans (4 T. ilisha 16-76 15-63 - - 7-11 - nd-1.35 Mitra et al. (2012)
stations

Bangladesh Sundarbans T ilisha 8-10 1-4 1.2-2.4 3-7 0.02-0.1 0.01-.03  0.003-0.009 Borrell et al. (2016)

Indian Sundarbans P. argentius 11-34 1023 - - 3.8-21 - 0.55-1.28 De et al. (2010)
(Hoogly)

Indian Sundarbans P. argentius 5-99 nd-28 - nd-1.74 - 0.22-0.60 0-2.1 Kumar et al. (2012)

Bangladesh Sundarbans P. argentius 12-18 0.5-1.2 2244 2-6 0.01-0.1  0.03-.09 0.003-0.055 Borrell et al. (2016)

ndnot detected

2017). It effects on the river morphology, groundwater,
salinity, fisheries, forestry, ecology and navigation (Rahman
and Rahman 2017). As a result, the major environmental
agents are affected which are illustrated in Fig. 4.

Plant diseases

“Top dying” is one of the main causes for deteriorating
dominant Sundari trees of Sundarbans (Sarwar 2015).
Almost 5-6% of the total H. fomes across the Sundarbans is
now suffering from this disease and half of them have been
affected in high saline zones (Rahman et al. 2010). Accord-
ing to the Forest Department, “top dying” disease break outs
occurred at large scale since 1980. Former study also indi-
cates about 70% steams of H. fomes are affected moderately
or severely by “top dying” disease (Islam and Wahab 2005).
In 1994-1996, Forest Department survey results found that,
average 134,291.70 m> of H. fomes died every year due
to this disease and thus posing a significant loss in terms
of biodiversity and economy. Besides, increasing salinity
levels in Sundarbans are another significant threats to the
trees. However, several diseases i.e., leaf blight (Alternaria
alternate, Botrydiploida theobromae, Gliocladium verso-
esenti), leaf spot (Cercospora rhizosphorae), dieback (Phy-
tophthora nicotianae), seed rot (Fusarium spp.), stump and
collar rot (Fomes spp.), anthracnose (Glomerella cingulata),

lethal yellowing (Mycoposma like bodies), bleeding disease
(Ceratocystis ulmi), and powdery mildew (Oidium spp.) are
also responsible for decline in the plant species of Sundar-
bans (Rahman et al. 2010).

Climate change and natural disasters

Climate change has serious impacts on coastal environ-
ment and livelihood, which threaten to damage mangroves
(Dasgupta et al. 2017). UNESCO (2007) predicted that,
due to anthropogenic stress and increase of 45 cm [Inter-
governmental Panel on Climate Change (IPCC) predicts
likely to happen at the end of the twenty-first century] in
sea level, 75% of the Sundarbans forest will be destroyed.
Natural resources of the Sundarbans, especially various
plant species, are now in threatened condition due to
sea level rise. It is predicted that, rising sea levels may
already have flooded about 7500 ha areas of Sundarbans
(WWF 2007). Stable sea levels are needed for long-term
existence of mangroves. But, due to the global climate
change rise in sea level and increased intensity and fre-
quency of cyclones, storms, coastal floods and erosion
(Islam and Uddin 2015), are disrupting the mangroves
ecosystem (Neogi et al. 2016). Recent cyclones Sidr,
Reshmi and Aila had devastating impacts on Sundarbans
as reported by many authors (Islam 2013; Islam et al.
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2015; Dutta et al. 2015; Deb and Ferreira 2017). It was
estimated that, the monetary value of the damage caused
by cyclone Sidr is $142.9 million (Saadi 2010). Prolonged
inundation by saline water flooding during cyclone devas-
tated the mangroves (Paul et al. 2017). Furthermore, sedi-
ment deposition due to flooding causes harm to mangrove
root system and regeneration (Deb and Ferreira 2017).
Coastal erosion has also significant effects on the man-
grove swamps (Pahlowan and Hossain 2015). Moreover,
increase in CO, and ocean acidity changes the marine
biogeochemistry which has long term effects on coastal
mangrove ecosystem, by reducing the pH of water and
soil (Vivekanandan et al. 2016).
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Occurrence of fires

Fire is the major threat and recently caused serious dam-
age to the Sundarbans mangrove. Forests in an area around
1.0 km? at Napitkhali under Chandpai range of Sundarbans
got burnt, posing a threat to natural habitat for many rare
species including the Royal Bengal Tiger (Rahman et al.
2010). In March 10, 2010 about 250 ha forest land was
destroyed by fire; it was the habitat for many rare plants and
animals. In the last 3 years, at least 12 fire incidents occurred
in different parts of Sundarbans (MAP 2010). Sundarbans
host various plant species which produce plenty of nectar
collected by honey bees. Though mangroves are the key
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Fig.4 Impacts of fresh water flow reduction on coastal environment

source of honey and wax in Bangladesh, but the collection
practice is very traditional (Islam and Wahab 2005). Gener-
ally, honey collectors (mowal) use fire to remove the honey
bees from nest, which sometimes spreads in Sundarbans due
to lack of proper safety measures (Rahman et al. 2010).

Inadequate knowledge and high dependency
of local people

The local people of Satkhira, Bagerhat and Khulna districts
are highly dependent on Sundarbans for their livelihoods.
These people are not well educated and have inadequate
knowledge regarding the values of mangroves protection.
They have lack of knowledge about forest conservation, thus
destroy the forests resources (Rahman et al. 2010), although,
numerous laws, regulations and policies exist for the pro-
tection of Sundarban mangroves. Moreover, global climate
change affects the development of mangroves (Islam et al.
2015). So, appropriate measures should be taken immedi-
ately to ease the effects of climate change. However, despite
the protection measures, there have been large scale human
encroachments into the Sundarbans turning forest land to
agricultural land. Such anthropogenic activities have put
tremendous pressure on the Sundarbans.

Tourism

Tourism sector has developed successfully in Sundarbans,
with the increase of visitors from 50,000 to 117,000 from the

years 2002 to 2010 (Khanom and Buckley 2015). The main
attraction for tourists of Sundarbans are Royal Bengal Tiger
and spotted deer. Although tourism has significant role in
local and national economy of Bangladesh, but it has detri-
mental effects on Sundarbans because of habitat destruction,
noise pollution, poor sanitation, waste disposal and contami-
nation (Khanom et al. 2011). Due to lack of ecotourism and
proper monitoring, Sundarbans ecosystem is affected day by
day (Das and Bandyopadhyay 2013).

Poor planning and management

Rahman et al. (2010) identified three basic reasons for dis-
appearing mangrove forest in Bangladesh; (i) lack of well-
trained forest security and officials, and institutional capacity
(ii) lack of proper planning and sufficient knowledge about
coastal zone management, and (iii) lack of application of the
development plans. Recently examples of poor planning are
the decision to establish 1320 MW coal fired power plant
in Rampal, just 14 km away from the Sundarbans violating
the rules of project implementation in eco-sensitive zone
(Kumar 2013). Annually this plant will burn about 4.75 mil-
lion tons of coal and generate roughly 0.3 and 0.5 million
ton’s ashes and other wastes respectively, including harm-
ful effluents. It is also predicted that, from the coal burning
huge amount of CO,, CO, SOx, NOx, hydrocarbons, volatile
organic compounds (VOC) and some other airborne particles
will be emitted (The Daily New Age 2016). From experi-
ences, it is known that, a typical coal based power plant uses
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only 33-35% coal heat to generate electricity (Chowdhury
2012). Major portion of this heat is absorbed by cooling
water, which may discharge into the nearby Poshur River
(Hance 2016). Furthermore, the source of bituminous coal
is from West Bengal, India, using the channel and rivers of
Sundarbans, which may hamper the sound environment of
the forest and increase the threat.

Increased man—-animal conflict

Due to global climate change, recent devastating cyclones
and increased deforestation; wildlife habitat is badly
affected. Moreover, huge forest land is lost due to submer-
sion in water, which increase the threat of wild animals
coming into human localities for food and shelter (Rahman
et al. 2010). A conflict situation is increasing by the day
among man and wild animals, which is harmful for both.
This is particularly threatening for the existence of critically
endangered Royal Bengal Tigers in Sundarbans region, that
are historically known to prey on humans. In fact, it is well
known that several tigers that entered into human habita-
tions have been killed due to fear of man eating (Rahman
et al. 2010).

Existing management scenarios
of Sundarbans

The history of the Sundarbans mangrove management
is very conventional. To manage Sundarbans mangrove,
detailed work plan was first prepared in the year 1893—-1894
(Chowdhury and Ahmed 1994). After that, a working plan
was prepared to manage the forests based on the inventory of
Sundarbans in period of 1960-1980 (Choudhury 1997). In
1993, forest master plan was prepared, which recommended
two sanctuaries. In first sanctuary, yearly plantation target
of around 18,000 ha areas during 1993-2002, and increase
up to 21,000 ha during 2003-2012 was planned (MoEF
1993). But, due to financial and legal constraints planted
trees could not be protected from grazing, illegal removal
and encroachment (GoB 1993). Besides, the negligence and
dishonesty of the personnel of forest department and local
political leaders this initiative almost failed (Akhtaruzzaman
2000). The second one paid attention to the development
of wildlife sanctuaries; and Sundarbans was divided into
three divisions and declared wildlife sanctuaries. However,
the areas of these sanctuaries are not sufficient to provide
protection to wildlife in the long run (Islam and Wahab
2005; Rahman et al. 2010). Recently, a management plan
for the protection of Sundarbans is being prepared by Food
and Agricultural Organizations (FAO). The aim of this pro-
ject is to achieve sustainable management of mangroves in
order to utilize forest resources (Choudhury 1997). In recent
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times, forest cover, species diversity and ecosystem func-
tion have declined rapidly, although a number of guidelines
(Table 10) exist to protect the forest resources. The main
cause is the ineffectiveness of the plans and policies, due to
lack of implementation capacity (Iftekhar and Islam 2004).
Although, Department of Forest (DoF) tried to implement
certain conservation plans i.e., national conservation strat-
egy, environmental policy, and national environmental man-
agement plan to protect the Sundarbans. However, manage-
ment approaches based on logical and scientific basis have
not been developed yet (Rahman et al. 2010; Roya and Gowb
2015). Moreover, to find out sustainable and effective forest
management plan, sufficient research efforts have not so far
been under taken (Islam and Wahab 2005).

Sustainable forest management approach

Sustainable forest management depends on numerous factors
i.e., integrated management of forest products and goods,
active participation of key stakeholders, adequate planning
and management, and effective monitoring (Uta et al. 1999).
Conservation of forest ecosystems at local levels strengthen
resource allocation, which also contribute to regional and
global scale conservation (Aheto et al. 2016). Sundarbans
mangrove forest in Bangladesh is now extensively degraded
and poorly stocked. At this crucial moment it is now essen-
tial to develop and implement a sustainable forest manage-
ment approach for survival of this unique ecosystem. To
protect and conserve the Sundarbans mangrove forest of
Bangladesh, following integrated approaches are proposed
(Fig. 5).

i. Participation of key stakeholders: It involves local
communities, forest officials, governmental agencies,
researchers, national and international experts and
organizations, donor agencies, policy makers, and par-
ticipation and empowerment of women groups. Local
people are the main and key stakeholders (Aheto et al.
2016), so they should be included in forest manage-
ment plan.

ii. Public awareness and campaign: Public awareness
about the values of forests and forest protection can be
build up by seminars, workshops, training, meetings,
videos and slide shows. Besides, publications (e.g.,
book, magazine, journal) on the value of mangrove
forests can be helpful.

iii. Reduction of forest dependency: Most of the local
residents are dependent on the forest resources for
their livelihood. Due to rapid population growth and
over exploitation, forest ecosystem is degrading. So,
regional planning and relocation of people, set up of
alternative livelihood, initiation of technical educa-
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Table 10 Relevant policies, laws, rules, acts and treaties of Sundarbans mangroves forest. Sources: Alam (2002), Iftekhar and Islam (2004), DoF

(2014)

Rules and regulations

Key concerns related to Sundarbans

Policy
Forest Policy, 1994
National Environment Policy, 1992
National Water Policy, 1999
National Industrial Policy, 1991
National Land use Policy, 2001
National Coastal Zone Policy, 2004

Rules and acts
The Forest Act, 1927
The Marine Fisheries Ordinance, 1983
The Marine Fisheries Rules, 1983
The Private Fisheries Protection Act, 1889
The Protection and Conservation of Fish Act, 1950
The Protection and Conservation of Fish Rules, 1985
Bangladesh Wild Life (Preservation) Order, 1973
Brick Burning (Control) Act, 1989
Coast Guard Act, 1994
The Bangladesh Environment Conservation Act, 1995
The Mongla Port Authority Ordinance, 1976
The Ports Act, 1908
The Territorial Water and Maritime Zones Act, 1974
The Territorial Water and Maritime Zones Rules, 1977
Statute of the Indo-Bangladesh Joint Rivers Commission, 1972
The Canals Act, 1864
The Embankment and Drainage Act, 1952
The Irrigation Act, 1876

International treaties
International Conference for the Protection of Birds, 1950
International Plant Protection Convention, 1951

Plant Protection Agreement for the South East Asia and Pacific
Region, 1956

Convention on Wetlands of International Importance, Especially as
Waterfowl Habitat (Ramsar Convention), 1971

Convention on International Trade in Endangered Species of Wild
Fauna and Flora (CITES), 1973

Convention on the Conservation of Migratory Species of Wild
Animals, 1979

Convention on Biological Diversity, 1992

FAO Code of Conduct for Responsible Fisheries, 1995

International Convention for the Prevention of Pollution of the Sea
by Oil, 1954

International Convention on the Establishment of an International
Fund for Compensation of Pollution Damage, 1971

Convention on the Prevention of marine Pollution by Dumping of
Wastes and Other Matters, 1972

International Convention for the Prevention of Pollution from Ships
(MARPOL), 1973 and Protocol relating to this Convention, 1978

United Nations Convention on the Law of the Seas, 1982

International Convention on Oil Pollution Preparedness, Responses
and Cooperation, 1990

Multiple use, sustained management, keep bio-environment intact
Environmental protection

Environmental protection

Forest product utilization

Land protection and management

Conservation of critical ecosystem, sustainable management, integrated
planning

Forest area/coverage, forest product extraction
Fish and aquatic species diversity and characteristics

To protect faunal diversity
Control pollution load, and to protect forest area/coverage

To maintain fresh water flow

Conservation of floral and faunal diversity, and habitat protection

Environmental protection

Control pollution load, and environmental protection
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Table 10 (continued)

Rules and regulations

Key concerns related to Sundarbans

Convention on the Continental Shelf, 1958

Global Programme of Action on the Protection of the Marine Envi-
ronment for Land-based Activities, 1995

Convention Concerning the Protection of the World Cultural and
Natural Conservation of critical ecosystem
Heritage, 1972

Convention Concerning the Protection of the World Cultural and
Natural Heritage, 1994

United Nations Conference on Environment and Development, 1992
United Nations Framework Convention on Climate Change, 1992

Code of Conduct for Sustainable Management of Mangrove Ecosys-
tems, 2003

To protect marine environment

Conservation of critical ecosystem

Environmental protection

Mitigation of the impacts of climate change
Sustainable management of mangroves, and conservation of critical

ecosystem

tion, agriculture rehabilitation such as; saline tolerant
species, cash grants and microcredit can be helpful for
reduction on forest dependency.

iv. Forest monitoring and evaluation: Zoning of Sundar-
bans according to vulnerability, estimation of forested
areas and inventory of forest resources using satel-
lite based monitoring systems, ecosystem health and
liveliness, ensuring security and management actions,
monitoring of timber including fuel wood, pollution
control, survey of forest regeneration should be done.
Besides, unrestricted use of agrochemicals, and ran-
dom discharge of industrial and sewage effluent should
be controlled.

v. Ecological restoration and regeneration: Ecological
restoration is very essential to protect the threatened
species. It can be evolved by improving and promoting
effective regeneration, protecting threatened species,
ensure freshwater flow, develop ecotourism, develop-
ment of forest area and forest cover. It is very much
important to monitor rivers and marine water qual-
ity to develop healthy mangrove ecosystem. Proper
guidelines should be introduced, for the treatment and
removal of oil and oily substances discharged from the
Mongla port and Khulna municipal area. Moreover,
cost effective and eco-friendly techniques should be
introduced for pollution control and remediation.

vi. Adequate policy, legal and institutional framework:
Formulation of proper rules and regulations, capacity
building and training for respective institutions and
personnels, attempts to reduce the threats to forests,
ensure mechanism for protection, management and
benefit sharing among the stakeholders, accountabil-
ity and financial transparency are very much important
for forest management. Despite many laws and regula-
tions (which already exist), but due to lack of proper
implementation of these, forest sectors are highly vul-
nerable. Therefore, it is urgently required to imple-
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ment the guidelines by the concerned authorities. It is
also required that time to time the policies and laws
should be updated for better management according
to the demands.

vii. Disaster management program: Natural disasters are
one of the main reasons hindering the Sundarbans
forest management. Proper forecasting, warning and
evacuation, pre-disaster planning, inter communica-
tion among the relevant organizations, media com-
munication, and disaster aid for the local people may
be helpful to protect the forest from adverse effects of
natural disasters.

viii. Scientific research and planning: For long term suste-
nance of the Sundarbans mangrove, adequate scientific
research is essential (Fig. 5). Without proper scientific
understanding it will not be possible to recover the
degraded areas of the forest. Eco-friendly and green
technologies for pollution and disease control should
be emphasized upon.

Furthermore, it is necessary to protect the forest from ille-
gal encroachment and poaching of wildlife. It is also essen-
tial to recruit honest and enthusiastic forestry professionals.
Moreover, widespread education to promote the importance
of mangroves and its sustenance should be the priority of
government and non-government organizations.

Conclusion

The Sundarbans are unique mangrove ecosystems in the
world with considerable ecological and economic values.
They provide different resources and services to the mankind
since long time. But nowadays, the ecosystem of Sundar-
bans is under threat, due to various natural and man-made
pressures. Among the identified causes, overexploitation,
coastal land use change, pollution, increased water salinity
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Participation of all key stakeholders
1. Local communities

2. Forest officials

3. Governmental agencies, national and
international institutions, local NGOs etc.

4. Local policy makers i.e., representative of
local governments

5. Participation and empowerment of women
groups

Public awareness and campaign

1. Seminars/workshops/training/meetings

2. Video and slide shows

3. Publications on the importance of
sustainable development of mangrove forest
4. Sustainable usages of renewable resources
and their conservation

Il

Scientific research and planning

1. Research on eco-physiological functions,
ecosystem productivity management, genetics
and taxonomy

2. ldentifying and monitoring biodiversity

3. Identifying and understanding threats to
mangrove forest

4. Development of sustainable technologies

5. Observing the effects of the global climate
change on the forests

6. Pest and disease control and management
techniques

7. Pollution prevention, control, and remediation
8. Integrated conservation and management

Reduction of forest dependency
2. Introduce alternative livelihood

species
Technical education

1. Regional planning and relocation of people

3. Agriculture rehabilitation: saline tolerant

systems of mangroves and aquaculture.

T

4.
5. Cash grants
6

Sustainable
Forest 1.
Management 2.
3.
4.
5.

Microcredit
Forest monitoring and evaluation

forests using satellite based monitoring
3. Ecosystem health and vitality

4. Ensure security and comprehensive
protection management measures

5. Monitoring of timber harvest including
fuel wood

6. Pollution control

reporting

1. Zoning Sundarbans, according to vulnerability
2. Estimation of forested area and inventory of

7. Survey of forest regeneration status and

Disaster management program

Forecasting, warning and evacuation
Pre-disaster planning

Inter communication among the relevant
organizations

Media communication

Disaster aid

Adequate of policy, legal and
institutional framework

1. Formulation of adequate rules and
regulations

2. Capacity building and training

3. Efforts to reduce all threats on forests

4. Mechanism for protection, management and
benefit sharing

5. Accountability and financial transparency

Ecological restoration and regeneration
1. Improve and promote effective regeneration
2. Protection of threatened species

3. Freshwater flow

4. Ecotourism

5. Extension of forest area and type of forest
cover i.e., natural forest, man-made forest

Fig.5 Sustainable management approach for Sundarbans mangrove forest
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and natural disasters are the main threat to the ecosystem of
Sundarbans. The deterioration of mangroves can lead to seri-
ous impacts including decline in biodiversity, genetic ero-
sion, extinction, and changes in the natural biogeochemistry.
Although government has made several forest policies, laws
and management plans to protect the Sundarbans mangroves,
but due to lack of proper monitoring and integration, these
are not very successful. To conserve and protect this vital
ecosystem, it is essential to develop and implement suit-
able management strategies for sustainable future. In these
circumstances, proposed management approach by refining
the existing strategies and combining updated information
may be helpful for sustenance of Sundarbans. This has to
include an extensive combination of management systems
that may effectively be practiced in Sundarbans, and similar
ecosystems around the globe.
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