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Nature Watch
In Imminent Jeopardy: Sunderbans in Danger
Dipanjan Ghosh and Ayan Mondal
The Sunderbans is the largest mangrove vegetation in the
world. Changes in the environment, particularly driven by
climate change, forewarn us of the dwindling diversity of
exclusive mangrove plants and the charismatic animal species
– especially the tiger. The Sunderbans, with its fast-changing
geomorphic and hydrological character, is creeping towards
its doomsday.
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Mangroves are a group of trees and shrubs that naturally grow in
coastal intertidal and estuarine habitats (Figure 1). Mangroves
dominate three quarters of tropical coastlines and cover roughly
172,000 sq km of the Earth’s surface in large river deltas, estuaries and barrier islands. The world distribution of mangroves
mainly centers in the tropical and subtropical latitudes near the
equator, as they cannot withstand cold temperatures. Probably in
the 3rd century BC, the Greek philosopher Eratosthenes in his
work Geographica mentioned the occurrence of mangroves on
this planet for the first time. According to certain medieval
literatures, the Portuguese called these forests ‘mangue’, the
Anglo-Saxons used the word ‘mangals’, while the Spanish called
these formations ‘manglares’ [1]. Practically nothing else is
known about the origin of the word ‘mangrove’.
The Sunderbans is the largest mangrove habitat of the world and
is situated on the border of India and Bangladesh where the
Ganges, Brahmaputra, and Meghna rivers meet the Bay of Bengal. The Indian territory of the Sunderbans (Figure 2) is located
in the southern part of the state of West Bengal, between 21o30’N
to 22o30’N latitude and 88o10’ E to 89o50’E longitude. Mangrove
vegetation on the Indian side spreads over an area of 2120 sq km.

RESONANCE 

February 2016

one of the editors of the
journal Indian Science
Cruiser.
(Right) Ayan Mondal
completed his MSc in
zoology from the University of Burdwan. He is
associated with
Ecocampers, an NGO
involved in people’s
welfare and against
environmental degradation. His interests are
arachnology, ecology and
natural history documentation.

Keywords
Mangroves, climate change, global warming, sea level rise, soil
erosion, salinity, biodiversity.

173

FEATURE ¨ ARTICLE

Figure 1. (top) Mangrove
forest is considered to be
the lifeline of Sunderbans
region.
Photo: Dipanjan Ghosh

Figure 2. (bottom)
Sunderbans is one of the
world’s challenged remote
geographical locations.
Photo:Siddhartha Goswami

In comparison to the Bangladesh component, the Indian component
of the Sunderbans has poor forest formation due to higher salinity
and biotic interactions leading to different growth patterns and
ecological succession.
‘Sunderban’ means ‘a beautiful jungle’ in Bengali, and many
believe that the name is derived from the Sundari tree that once
thrived in huge numbers in the forests of Sunderbans. Historically,
Sunderbans was comprised of two eco-regions, the freshwater
swamps and mangroves, but now only the mangrove survives. The
massive transformation of the delta into agricultural lands over the
years has caused the extinction of the fresh water swamp.
Mangrove Vegetation
The mangrove forest of the Sunderbans comprises three main types
of floristic components – true mangroves, back mangroves and
associated plant species [2]. True mangroves can be recognized by
their dense tangle of prop roots that make the trees appear to be
standing on stilts (Figure 3a) above the water. Most mangroves get
flooded atleast twice every day, during high tide. The roots also
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slow the movement of tidal water, causing sediments to settle out
of the water and build up the muddy floor. Mangroves also develop
breathing roots or pneumatophores, another kind of roots (Figure 3b)
which usually emerge onto the muddy surface to access atmospheric
oxygen. Again, most mangroves show vivipary, meaning their seeds
germinate within the fruits, and the propagules (Figure 3c) quickly
manage to implant themselves in the silt along the coastline. Thus, true
mangroves are well adapted to grow in saline habitat (Box 1).

Figure 3.
a. Mangroves can be recognized by their dense tangle
of stilt roots.
b. Exposed breathing roots
or pneumatophores.
c. Propagule for viviparous
germination.
Photos: Dipanjan Ghosh

Box 1. Some Endangered Plants of Sunderbans

Figure A.

a. Sundari (Heritiera fomes), b. Lata Sundari (Brownlowia tersa), c. Dhundul / Cannonball

Mangrove (Xylocarpus granatum), d. Hental / Sea Date (Phoenix paludosa), e. Sundari (Heritiera minor)
and f. Golpata / Water Coconut (Nypa fruticans)
All photographs by Md Shariful Islam.
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Figure 4. Shrubby mangrove species:
a. Shore purslane (Acanthus ilicifolius).
b. Spur Mangrove (Ceriops
decandra) of Sunderbans
biosphere.
Photos: Dipanjan Ghosh

Mangroves are facultative halophytes, i.e., the presence of salt in the
environment is not necessary for the growth of mangroves and they
can grow very well in fresh water [3]. One particular advantage to
growing in a saline environment is the lack of competition.
Back mangroves are a rather bushy, discontinuous type of vegetation (Figures 4a and 4b). These species are not subjected to the
same degree of tidal inundation that is experienced by true mangroves, as they grow near mangrove stands towards the landward
side. Though able to withstand the high salinity and low-nutrient
soil associated with coastal areas, back mangroves generally are
not found in the intertidal areas colonized by true mangrove plants.
Mangrove associates are not true mangrove plants (Figure 5).

Figure 5. Mesquite or algaroba (Prosopis juliflora) is
an exotic plant found occasionally in Sunderbans.
Photo: Dipanjan Ghosh
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Figure 6. Bull-oak (Casuarina equisetifolia) – a cultivated sand binder plant very
common in Sunderbans region.
Photo: Dipanjan Ghosh

They are common mesophytic plants growing near human habitation (Figure 6). These plants can grow in nutrient-deficient soil,
although they cannot withstand environmental conditions as encountered by the true mangroves.
The Sunderbans is a tide-dominated allochthonus (a deposit
originating or formed in a place other than where found) type of
mangrove wetland (Figure 7). This marsh vegetation differs
greatly from other non-deltaic coastal mangrove forests and
upland forest associations. The Sunderbans region has been
classified as a moist tropical forest demonstrating a whole mosaic
of seres, comprising primary colonization on the new accretions
to more mature beach forests.This vegetation consists of elements of the Malayan Peninsula and Polynesian regions, together
with some Indo-Chinese, Ethiopian and a few of the New World
elements [4]. According to an estimate by the Geological Survey

Figure 7. The entire Sunderbans is intersected by a
maze of rivers, creeks and
canals.
Photo: Souvick Mukherjee
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of India [5], there are 110 species of true mangroves, mangroveassociates and back mangroves found in the Sunderbans mangrove forest. However, the distribution of species is not uniform
and is primarily controlled by the level of salinity, not by tidal
inundation.
The Impact of Climate Change
Numerous human threats to the environment have forced the
entire ecosystem towards a pathway that forewarns of the possibility of complete extinction, leaving almost no chance of revival
in the near future. Adding to the misfortune, climate change and
associated global warming are projected to act as a further threat
to the Sunderbans. The Sunderbans is already affected by climatic changes, notably by the increasing sea level as well as
salinity, soil erosion and extreme weather events such as tropical
cyclones. Nearly half of the 102 islands of the Sunderbans,
spreading over 9.5 sq km area, have experienced an abnormal rise
in sea level (at an average rate of 3.14 mm per year before the year
2000) and massive erosion in the last four decades [6].

Figure 8. This is a global
warming effect – permanent
inundation of landmasses, not
an effect of tidal flow.
Photo: Ayan Mondal

178

Research based on satellite images has revealed that a rise of one
meter is expected to deluge about 1000 sq km of the deltaic
landmass [7]. In the last five years, the sea level has risen at a rate
of 17.9 mm per year in the Sunderbans. According to a study
report by researchers of Jadavpur University, Kolkata with the
help of WWF, almost 37 sq km of mangrove forests have been
completely inundated between the years 2001 and 2009 [8]. The
Sagar Island, one of the first inhabited islands in the Sunderbans
region, has already been submerged by the
rising seas. About a fifth of the southern
part (about 5.34 sq km) of this delta complex,
the heart of the Sunderbans Tiger Reserve, is
also submerged (Figure 8). Inundation of
some other big islands, Dakshin
Surendranagar (which has lost about 2.32
sq km area), Jambudwip (which has lost
about 2 sq km), Bhangaduni (which has
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Figure 9. Exposed mangrove roots as sign of beach
erosion and retreating mangrove line in Bakkhali.
Photo: Dipanjan Ghosh

already lost upto 6.5 sq km) and Ghoramara Island (which has lost
about 1.4 sq km area) have displaced thousands of people, and
their inward migration is responsible for indiscriminate deforestation, mainly of coastal mangrove vegetation.
Climate change has accelerated the process of erosion in coastal
(Figure 9) and estuarine zones, either through increased summer
flow from the snow-fed rivers or by increased tide penetration due
to sea-level rise [9]. At the current rate of erosion, a loss of 15 per
cent of farmland and more than 250 sq km of the Sunderban
National Park in the next two decades is anticipated. Large-scale
erosion has resulted in continuous natural subsidence in the
Sunderbans. Furthermore, certain erosion and sedimentation processes, along with subsequent churning action, increase the saturation of suspended solids, and thus decrease the transparency of
water. The reduced transparency affects the growth and survival
of phytoplankton, the small microscopic plant community responsible for large-scale food production and oxygen evolution in
aquatic ecosystems. Damage to this community may adversely
affect the food chain in this mangrove-dominated estuarine ecosystem, which is the nursery and breeding ground of numerous
aquatic organisms.
The salinity of the surface soil is governed by the quantity of
freshwater flow and monsoon rainfall. Due to the clogging of
connections of the estuaries with freshwater on account of heavy
siltation and solid waste disposal as well as climatic changes, a
reduction in the periodicity and quantity of freshwater reaching
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the Sunderbans is encountered. The average soil salinity is highest (about 11.8 mmhos/cm) in the middle of summer and lowest
(2.1 mmhos/cm) in the rainy months. Moreover, global warming
is largely responsible for the thermal alteration of the estuarine
ecosystem. Indeed, the surface water temperature has been rising
at the rate of 0.5 degree Celsius per decade over the past three
decades, in the Indian Sunderbans. This rate is much higher than
the global warming rate of 0.06 degree Celsius per decade and
IPCC documented [9] rate of 0.2 degree Celsius per decade in the
Indian Ocean during 1970–99.
On considering different aspects such as the variations in dissolved oxygen, pH level, transparency and water quality, a study
was conducted to understand the impact of global warming on the
aquatic ecosystem of the Sunderbans [10]. The study reveals that
the surface water pH over the past three decades has reduced in
the region and this suggests a boost in acidification processes.
The variations in salinity and increased temperature could be the
reasons for the variations that have been noted in the study of pH
level and dissolved oxygen. The concentration of dissolved oxygen in the western part of the Sunderbans shows an increasing
trend in contrast with the eastern part where it has been decreasing significantly. The study also has highlighted a number of
unanswered questions. One of those questions relates to the
impact of rising temperature, which can decrease dissolved oxygen in the water bodies of the Sunderbans ecosystem. However,
depletion in dissolved oxygen can also cause major shifts in the
ecological habitation of the entire region.
Mangrove forests protect all types of coastal communities from
the fury of natural calamities, by their mere presence, by providing the best shelter belt. Extreme weather events such as cyclones
hit the coastline with tremendous speed and inundate the shores
with strong tidal waves, severely destroying and disrupting the
coastal life. To mitigate the effects of tsunamis, mangroves depend on their response to two physical processes – wave attacks
and towing flow. The mangrove ecosystem’s response to wave
attacks depends on its vegetation characteristics, whereas the
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response to towing flow relies on the ‘drag force’ caused by the
mangroves, resulting in prevention of coastal erosion [11]. In the
last few years, a perceivable change has been noted in the local
weather of the Sunderbans region. The frequency of cyclonic
storms has decreased but their severity has increased in magnitude,
and rainfall has become more irregular within a span of ten years.
Other Related Problems
The Sunderbans region is densely populated (more than 1100
persons per sq km). Human settlements in this region are believed
to go back a long period into the past [2]. This region is also one
of the most backward and poor regions of the country. Here, the
majority of residents lead vulnerable and marginalized lives,
using forests as a major means of livelihood and subsistence
support. As a result, the unique ecosystem of the Sunderbans has
suffered great loss at the hands of humans. Many animal species
such as hog deer (Axis porcinus), water buffalo (Bubalus bubalis),
swamp deer (Recervus duvaucelii), Javan rhinoceros (Rhinoceros
sondaicus), one-horned rhinoceros (R. unicornis) and the mugger
crocodile (Crocodylus palustris) became extinct in the Sunderbans
at the beginning of the last century [12]. The faunal diversity of the
Sunderbans has been a subject of interest for scientists and Nature
lovers since its discovery, but already many animals have been
declared endangered (Box 2).
With increasing pressure of population, the vast aquatic resources
available in the core forest areas of the Sunderbans are being
continuously overexploited (Figure 10) by intensive practices of
coastal, estuarine and deep-sea fishing by local fishermen, businessmen and multinational companies [13]. Besides, both the
river and sea water of the Sunderbans are being contaminated by
the nearby industrial wastes, organic wastes and excessive shrimp
farming which is fatal for the entire biodiversity of the region [14].
Above all, oil spills from old and defective launches and boats are
a potential threat that cause immense damage to aquatic fauna and
mangrove vegetation, by depleting the dissolved oxygen coupled
with enormous hydrocarbon and heavy metal pollution [15].
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Box 2. Some Endangered Animals of Sunderbans

Figure A.
a. Baagh/Bengal Tiger (Panthera
tigris tigris),
b. Bhondor/Small-clawed Otter
(Aonyx cinereus),
c. Samudrik Kachhap/Olive Ridley
Sea Turtle (Lepidochelys olivacea),
d.

Hattima/Eurasian

Curlew

(Numenius arquata),
e. Holde Mach-hranga/ Brown
Winged Kingfisher (Pelargopsis
amauroptera),
f. Mayal/Indian Rock Python (Python molurus),
g. Lajjaboti Kankra /Flower Moon
Crab (Matuta planipes).
Photos: Siddhartha Goswami

Figure 10. Anthropogenic
deforestation activity has
been an ever-increasing
problem in the Sunderbans
since the last few decades.
Photo: Ayan Mondal
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Figure 11. Emergence of
new land in the Sunderbans
due to natural reclamation
process.Such an area will be
crammed by human habitation in the near future.
Photo: Ayan Mondal

Another problem is the effect of expanding agriculture due to
which mangrove forests are cleared and irrigation canals are
constructed in their place. In connection with the aforesaid situation, certain faunal species are losing their habitats as well as
foods permanently. Animal species such as the Royal Bengal
Tiger – that once roamed the entire forest to hunt for prey – are
now facing difficulty in finding prey, as local inhabitants are
encroaching the forest land. This kind of activity is not only
harmful to the big cat species but is also responsible for human–
tiger conflict. The tigers of the Sunderbans have become notorious for killing humans. In return, villagers kill the tiger for their
safety and this continues. The Sunderbans mangroves are also
facing problems of hunting, poaching and illegal trade of animal
body parts and other forest resources. Besides, there exist ‘char
politics’ in the Sunderbans which according to the local villagers
is the politics of gaining new lands for settlement. When new
lands are formed (Figure 11), people with more political influence get access to it, while other sections of society are sidelined.
A Growing Crisis
Both the changing climate and anthropogenic pressure prompt
concerns about the condition of the Sunderbans biosphere. But
there are still signs of hope that point to the remarkable resilience
of the Sunderbans ecosystems. For instance, let us take into
consideration the exact number of tigers in the Sunderbans region. The Sunderbans is the natural habitat of the Royal Bengal
Tiger. As per government records furnished by the State Forest
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Department, West Bengal, in 1997, the Indian part of the
Sunderbans had in it a mere 274 tigers in all (Figure 12). But as
per the recent tiger count in 2013, conducted by WWF India using
modern camera-trapping techniques, the number of tigers has
reduced to as low as 103. This decrease may lead people to
believe that in the near future this World Heritage Site is going to
be tigerless. But the experts say something different; in recent
years the population of tigers is growing at a moderate pace. They
also observed that the number of tigers in that region was never as
high as 274 (as stated in the Forest Department report) in the last
four decades [16].
Figure 12. The tracking of
footprints or pugmarks of tiger helps to analyze for individual male, female and cub,
their diagnostic track dimensions and spatial distribution.
Photo:Ayan Mondal

Figure 13 (left). Endangered
fishing cat (Prionailurus
viverrinus) is a very rare sight.
Photo: Siddhartha Goswami

Figure 14 (right). Lesser adjutant stork (Leptoptilos
javanicus) is waiting for its
prey.
Photo: Siddhartha Goswami
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However, some lesser mammals (Figure 13) such as fishing cats
(Prionailurus viverrinus), small Indian civet (Viverricula indica), diurnal smooth Indian otter (Lutra perspicillata), nocturnal
small-clawed otter (Aonyx cinereus), and spotted deer (Axis axis),
some birds (Figure 14) such as white-rumped vulture (Gyps
bengalensis), lesser adjutant stork (Leptoptilos javanicus), greater
spotted eagle (Aquila clanga), and the endemic brown- winged
kingfisher (Halcyon amauroptera), some reptiles (Figure 15a
and 15b) such as estuarine crocodile (Crocodilus porosus), water
monitor lizard (Varanus salvator), river terrapin (Batagur baska)
and hawksbill turtle (Eretmochelys imbricate), certain amphibians, fishes (Figure 16) like blue-spotted mudskippers
(Boleophthalmus boddarti) and a large number of invertebrate
faunal species (Figure 17) are struggling for existence. Most of
them are either threatened or endangered. So, if we partially shift
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Figure 15.
a. Estuarine crocodile (Crocodilus porosus) in its natural habitat at Sunderbans. Photo: Dipanjan Ghosh
b. Water monitor lizard (Varanus salvator) on its way. Photo: Siddhartha Goswami

our focus from the tiger (without neglecting the Project Tiger
Programme) to the low number of other faunal inhabitants of the
Sunderbans, then the incredible biodiversity of the entire region
can improve substantially.
In the Sunderbans, the growing salinity of soil and water, the
rising sea level and scarcity of drinkable water (Figure 18) have
endangered faunal diversity. The climatic changes have already
reduced the rainfall in the lower Gangetic plains [17]. Again, due
to geotectonic and fluvial reasons, freshwater inflow has been
reduced [2]. As a result, mangrove forests are being destroyed.
Less salt-tolerant species like Excoecaria agallocha, Lumnitzera
racemosa, Sonneratia acida, S. apetala, S. ovata, Heritiera fomes,

Figure 16. A blue spotted
mudskipper (Boleophthalmus boddarti) on the brackish intertidal mud flats.
Photo: Ayan Mondal

Figure 17. A male fiddler
crab (Uca triangularis) with
its sexually dimorphic claws
waiting for a partner.
Photo: Dipanjan Ghosh

Figure 18. Spotted deer (Axis
axis) drinking at a waterhole
is of rare occurrence now in
Sunderbans.
Photo: Dipanjan Ghosh.
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H. minor, Nypa fruticans, Phoenix paludosa, etc., are either on
the verge of extinction or are largely replaced by high salttolerant species such as Avicennia alba, A. marina, A. officinalis,
Bruguiera gymnorrhiza, B. parviflora, Ceriops decandra, C.
roxburghiana, C. tagal, etc., [3]. During the last few years, it is
noted that the frequency of the Sundari trees (Heritiera fomes)
has been decreasing at a faster rate. However, a group of well
adapted and somewhat dwarf Sundari trees have also colonized
some parts of the Sunderbans. A recent discovery of a new
mangrove species named Acanthus albus from the inner estuaries
of the Sunderbans has also raised excitement in ecologists and
conservationists [18].
Though the mangroves around the newly emerged landforms still
exist, the mangroves along the middle sections of those landmasses have almost disappeared. In some areas, mangroves are
present only in a few patches (Figure 19) and the entire region has
become exposed, prompting soil erosion and the emergence of an
unwanted wild grassy landscape. The deer have lost their access
to grazing fields, and the impact is carried to the tigers through
normal food chain. Moreover, the gradual destruction of the
mangrove forests may be critical to certain marine fishes and
birds as they spend their lives restricted to the mangrove habitat
where they find both food and shelter.

Figure 19. A photograph
taken in Sunderbans in December 2014 depicting the
gradual replacement of lost
mangrove cover by non-mangrove herbs.
Photo: Dipanjan Ghosh
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Conclusion
The mangrove ecosystem of Sunderbans is in deep trouble.
Experts think that change of climate and the growing threat of
global warming are predictions of doomsday. Excessive tourism
has posed a new threat, which needs to be checked by administrative regulations. Now, as drastic human activities are responsible
for all types of disaster, humankind has to take the initiative to
recover the Sunderbans from this crisis. At first, the biodiversity
needs to be conserved there and then secondary means of livelihood need to be found for those people who depend on the forest
as their last option. Thus, we have to exercise our goodwill to
restore the mangrove environment that will foster the wildlife as
well as the people of the Sunderbans.
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