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| Abstract |

The Sundarban, spans over about one million hectares in the delta of the Ganga,
Brahmaputra, and Meghna rivers and it is divided between Bangladesh (~60%) and
India (~40%) and is the largest coastal wetland in the world. This area has a
subtropical monsoon climate with yearly rainfall of 1,600-1,800 mm and strong
cyclonic storms. Large amounts of sediment brought by the rivers help it grow and
change. Salinity levels vary greatly in different places and times. The natural diversity
includes around 350 types of vascular plants, 250 fish species, and 300 bird species,
along with many types of phytoplankton, fungi, bacteria, zooplankton, benthic
invertebrates, mollusks, reptiles, amphibians, and mammals. The types of species and
community structure change from east to west and along the water and salinity levels.
The Sundarban is home to many rare and endangered animals (Batagur baska,
Pelochelys bibroni, Chelonia mydas), especially the Royal Bengal tiger (Panthera
tigris). The Javan rhino, wild buffalo, hog deer, and barking deer are now gone from
this area. Over the past 200 years, large sections of the Sundarban mangroves have
been turned into rice fields and, more recently, shrimp farms. The control of river
flows by a system of dams, barrages, and embankments to divert water upstream for
various human needs and for flood management has caused a significant decrease in
freshwater flow, seriously affecting biodiversity because of higher salinity and
changes in sediment flow. Heritiera fomes (locally called Sundari, which gives the
Sundarban its name), Nypa fruticans, and Phoenix paludosa are rapidly declining. In
the last thirty years, many parts of the remaining Sundarban have been set aside to
protect wildlife, especially tigers, through the establishment of multiple sanctuaries
and a biosphere reserve. Some areas of the Sundarban in both India and Bangladesh
have been designated as World Heritage sites. However, its biodiversity is still at risk
from a growing human population that not only puts stress on its natural resources but
also affects the freshwater flow from upstream. Oil exploration in coastal regions is
also becoming a new concern. Additional threats come from global climate change,
especially rising sea levels. The future of the Sundarban will rely on how we manage
freshwater resources just as much as on protecting its natural resources.

Keywords: Mangrove vegetation; rising sea levels; brackishness; wildlife; climate
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Introduction:

Mangroves are coastal forests found in warm areas (Tomlinson, 1986). The total
global size of mangroves is estimated to be around 18.1 million hectares (Spalding et
al., 1997), compared to over 570 million hectares of freshwater wetlands, including
peatlands worldwide (but not counting rice fields; Spiers, 1999). Although mangroves
have been used for many years, our scientific knowledge about these wetlands was
limited until the 1970s (Lugo and Snedaker, 1974; Blasco, 1975; Chapman, 1976).
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Over the past thirty years, these forests have gained more attention, shown by a
significant rise in the number of studies published (Ellison, 2002). Several recent
studies have looked into topics related to the ecology, management, and protection of
mangroves (Robertson and Alongi, 1992; Ricklefs and Latham, 1993; Ellison et al.,
1999; Kathiresan and Bingham, 2001; Macintosh and Ashton, 2002; Ellison, 2002;
Linneweber and de Lacerda, 2002; Vannucci, 2003; Saenger, 2003).

The variety of life in mangroves has also become more important, firstly because of
the Convention on Biological Diversity, and secondly, because mangrove ecosystems
are among the most endangered by global climate change, especially due to rising sea
levels (Macintosh and Ashton, 2002, 2004). Mangroves are well known for their plant
variety, which includes only 65-69 species of plants that have special adaptations to
the changing coastal environment (see Kathiresan and Bingham, 2001). Among the
animals, the fish and crustacean resources are better understood. The global patterns
of biodiversity in mangroves also tell an interesting story. While the distribution of
mangrove plants is typical, with the most species found near the Equator and fewer at
higher latitudes, the East-West distribution is unusual, with many found in the Eastern
Hemisphere between 90° E and 135° E (Ricklefs and Latham, 1993; Ellison and
Farnsworth, 2001). Notably, the mollusks living in mangroves show a similar pattern
(Ellison et al., 1999).

The study of the Sundarban mangroves goes back to the 16th century (Rollet, 1981).
There is a lot of published research about the Sundarbans in both India (Naskar and
Guha Bakshi, 1987; Chaudhuri and Choudhury, 1994; Guha Bakshi et al., 1999) and
Bangladesh (Seidensticker et al., 1991; Hussain and Acharya, 1994; [IUCN-BD 2002,
Islam and Wahab, 2005), covering many aspects of their habitat features, plants,
animals (especially fish), use, and management. However, we know very little about
the functioning of this ecosystem. In this review, we look at what we currently know
about the biodiversity of the Sundarbans, the different threats to it, and the recent
conservation efforts. This will be followed by a short summary of the geology,
climate, soils, and water systems, which are the main factors influencing mangrove
biodiversity in this area. It is important to note that since 1947, the Sundarban
mangroves have been split between India and Bangladesh (formerly East Pakistan),
and the two regions differ greatly in the type and amount of research, conservation,
and management. They also vary significantly in the level of human use over more
than a century. This makes it hard to combine the information about the entire
Sundarban. Therefore, we often refer to the Indian and Bangladesh parts of the
Sundarban separately.

The Mangrove Vegetation of Sundarbans:

The Sundarban (21° 30" to 22° 40’ N, 88° 05’ to 89° 55" E) is made up of many islands
created by the dirt and sand brought by three main rivers: the Ganga, Brahmaputra,
and Meghna, along with a thick system of smaller rivers, channels, and creeks. The
highest point in the Sundarban is only 10 meters above the average sea level. The
western and eastern boundaries of the Sundarban are clearly defined

by the path of the River Hooghly (a branch of the River Ganga) and River Baleshwar
respectively (Fig. 1). The River Harinbhanga (called Ichamati or Raimongal in
Bangladesh) marks the border between India and Bangladesh. About 60% of the
mangrove forests are located in the Khulna District of Bangladesh, while the rest is in
the 24-Paragnas District of West Bengal (India). The measurements of the total size of

www.liirj.org ISSN 2277-727X | Page 132




Lokavishkar International E-Journal, ISSN 2277-727X, Vol-10, Issue- 02, Apr-Sept 2021 (Half Yearly)

Sundarban in the two countries often vary quite a bit. According to recent estimates,
the size of the Sundarban in Bangladesh is 599,330 hectares (1978 Landsat data;
Rahman et al., 1979) and in India it is 426,300 hectares (Sanyal, 1983).

Climate Change:

The area's climate has high temperatures and humidity (over 80%) all year, with well-
distributed rainfall during the monsoon season. Temperatures go from around 2—4 °C
in winter to about 43 °C in March, and can exceed 32 °C during the monsoon. Recent
reports show that air temperatures over the Sundarban and nearby Bay of Bengal are
slowly rising (Huq et al., 1999; Agrawala et al., 2003). The cold season lasts from
about the middle of November to the end of February, followed by summer from
March to May. There is a six-month dry period when evaporation is more than
rainfall.

Rainfall in the Ganga-Brahmaputra delta region decreases from east to west and from
south to north. In Bangladesh, average annual rainfall varies from around 1,800 mm
in Khulna, north of the Sundarban, to 2,790 mm on the coast. In India, the average
annual rainfall is only 1,661.6 mm, decreasing from 1,805 mm in the south at Sagar
Island to Kolkata in the north. Most rainfall (about 74% of the total) happens during
the southwest monsoon (June—September). Some rain occurs later in the hot season
and in October.

Thunderstorms are regular during summer afternoons. They may happen along with
strong winds and sometimes hail. These storms are often called nor’westers (because
the strong winds typically come from the north-west) or Kalbaisakhi (the dangerous
winds of Baisakh, the first month of the Bengali calendar). Storms cause heavy rain
and a quick drop in temperature.

These storms often turn into cyclones that are usually paired with tidal waves up to
7.5 m high (Seidensticker and Hai, 1983). Long-term records show that cyclones in
the Bay of Bengal near the Sundarban are growing stronger but happening less often.
This matches with the earlier mentioned rise in temperatures and heavily impacts
coastal flooding, erosion, and the entry of salty water due to storm surges (Huq et al.,
1999; Agrawala et al., 2003).

Biodiversity:

The large differences in water flow patterns (both freshwater and tidal), landforms,
and soil types, along with their interactions, create very diverse habitats in the
mangrove ecosystems, which in turn support a wide variety of biodiversity. There has
been some discussion about the types of mangrove plants, with a common distinction
made between "true mangroves" and "mangrove associates." However, following the
definition of wetland species by Gopal and Junk (2000, 2001), we consider all species
that depend directly or indirectly on mangrove habitats or on any other living
organisms found in the mangroves as mangrove organisms.

An overview of the total biodiversity in the Indian Sundarbans. Overall, there are only
small differences between the species found in the Indian and Bangladesh parts,
mainly because the growth of the mangrove system has been shaped by similar
factors. However, the main changes in salinity and freshwater from west to east in the
Sundarban are clearly seen in the distribution of living organisms. The Sundarban in
both countries also differs in how much management each area has undergone. It
should be noted that the Sundarban mangroves in India have been studied often and in
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more depth, especially regarding plants, while the mangroves in Bangladesh were not
well researched until recently (Chaffey et al., 1985). Recent studies have provided
significant information on various groups of plants, fish, reptiles, amphibians, and
birds (Ismail, 1990; Hussain and Acharya, 1994; Seidensticker, 1991; IUCN-BD,
2002a, b, c). Differences in naming practices between the two countries can
sometimes make comparisons challenging. The following account mainly focuses on
the Indian part of the Sundarban, with frequent references to the information available
from Bangladesh.

Species of different animals:

Floristic diversity. Mangrove plants are generally split into ‘true mangrove’ and
‘mangrove associate’ types. Worldwide, Duke (1992) identified 69 species (from 26
groups and 20 families) of true mangroves (major and minor, according to Tomlinson,
1986), while Kathiresan and Bingham (2001) later recognized only 65 species (22
groups and 16 families). Among these, at least 30 True mangroves are found in the
Indian Sundarban. Debnath and Naskar (1999) identified 36 types as true mangroves.
The Bangladeshi part of the Sundarban mainly differs in how many of each type are
present. While members of the Rhizophoraceae and Avicenniaceae usually dominate
most other mangrove areas, the Bangladeshi part of the Sundarban has the highest
number of Sterculiaceae (Heritiera) and Euphorbiaceae (Excoecaria). Rhizophoraceae
is the biggest family with 11 types; four groups (Rhizophora, Bruguiera, Avicennia,
and Sonneratia) each have four types, and five groups (Xylocarpus, Excoecaria,
Thespesia, Derris, and Tamarix) each have three types. In Bangladesh there is only
one type of Bruguiera (B. parviflora), while Lumnitzera racemosa and Barringtonia
sp. are not commonly found. Interestingly, the Sundarban has fewer species than other
mangrove areas in India and Southeast Asia. For instance, there are 45 mangrove
species noted in the Andaman and Nicobar Islands in the Bay of Bengal (Deshmukh
et al., 1991a) and 55 species in Bhitarkanika, located in the delta of the Brahmani and
Baitarni rivers in Orissa on the eastern coast of India (WWF-I, 2001).

The overall plant life in the Sundarban has also been counted differently in India and
Bangladesh. In India, the total vascular plants (including mangrove companions) are
estimated at 100 species from 34 families and 57 genera, consisting of 30 tree species,
32 shrubs, and the rest being herbs, grasses, sedges, and two ferns. Many land plants
in the Sundarban area may have been missed because Seidensticker and Hai (1983)
recorded 334 plant species from the Bangladesh Sundarban, representing 245 genera.
This record includes many epiphytes and climbers, with 13 orchids and several ferns.
Some species in the Indian Sundarban are not found in the Bangladesh area, while
many others are reported only from Bangladesh (Choudhury, 1968; Ismail, 1990).
Notably, some species once noted from Bangladesh by Prain (1903) and Choudhury
(1968), like Bruguiera sexangula, Rhizophora apiculata, and Sonneratia alba, were not
found by Chaffey et al. (1985), and there are concerns that these species may have
vanished from the eastern part of the Sundarban. Heritiera fomes (locally known as
Sundari, the key timber species that gives the Sundarban its name) is plentiful on the
Bangladesh side but is rare on the Indian side, where it is considered at risk. Nypa
fruticans is also found in limited amounts in the Indian Sundarban; it is quickly
disappearing due to heavy use.

In a recent study, Naskar et al. (2004) identified 150 species, including 15 species of
Rhodophyceae and 2 species of Phaeophyceae. Another study recorded 12 genera and
16 species of benthic algae from the Cyanophyceae, Chlorophyceae, Chrysophyceae,
and Rhodophyceae groups. Botrychia, Catenella, and Caloglossa create a grassy layer
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on the trunks of mangrove trees and their roots. Lower down on the same trees, types
of Caloglossa grow along with Chaetomorpha and Rhizoclonium. Types of Lyngbya,
Oscillatoria, and Microcoleus are often found on roots and on the mud (Mandal and
Naskar, 1994).

The animal life of the Sundarban has gained a lot of interest because many species
have great economic value. Crustaceans make up the largest share of animal weight,
with an estimated yearly catch of 40 million kilograms of fiddler crabs and 100
million kilograms of mud crabs (Hendrichs, 1975), not to mention a significant
harvest of shrimps, prawns, and lobsters. The Sundarban supports very rich coastal
and estuarine fishing. Among the variety of insects, honeybees are important for
producing large amounts of honey and beeswax. Also, the Sundarban is the only
mangrove forest that is home to a type of tiger — the Royal Bengal Tiger (Panthera
tigris). The complete range of fauna in the Sundarban is listed in Table 1.

The Indian Sundarban has a similar number of species (165 species; Sanyal, 1999).
The variety of fish is directly linked to the salt levels in different parts of the
Sundarban. While Mukherjee (1975a) only included brackish water and marine fish in
the Indian Sundarban, Sanyal (1999) broadened the list to include 31 freshwater
species. Recently, Islam and Haque (2004) detailed the fishing resources of the
Bangladesh Sundarban and described where fish species are found based on salt
levels. Fish like Harpodon nehereus, Trichiurus savala, Setipinna sp., Pampus sp.,
Sardinella sp., and Salar sp. are found in salty areas, while Pangasius pangasius and
Lates calcarifer are found in freshwater or areas with very low salt. The main fish in
brackish water zones (moderate salt) are Hilsa (Tenualosa) ilisha, Pomadasys hasta,
Polynemus sp., and Coilia sp. Many marine fish also frequently inhabit the
mangroves.

The number of different species of reptiles and amphibians is quite similar in the
Sundarbans of both countries: there are 8 amphibians and 53 reptiles in Bangladesh,
and 7 amphibians and 59 reptiles in India (Hussain and Acharya, 1994; Sanyal, 1999;
Naskar et al., 2004). Among snakes, the largest group is the Family Boidae with 13
species, followed by Hydrophidae with 7 species, Elapidae with 4 species, and both
Typhlopidae and Viperidae with 2 species each. Notable species include the king
cobra (Ophiophagus Hannah), the Indian spectacled cobra (Naja naja), and the Indian
python (Python molurus). Of the 14 turtles and tortoises, six species are almost extinct
or at risk (Table 3). Among the four marine turtles, the olive ridley turtle
(Lepidochelys olivacea) is the most common, even though it is endangered. The green
turtle (Chelonia mydas) is rare due to overfishing, while the loggerhead (Caretta
caretta) and hawksbill (Eretmochelys imbricata) are not often seen (Hussain and
Acharya, 1994). The river terrapin (Batagur baska) and three out of the 14 species of
lizards and monitors are also at risk (Table 3). The bird life in the Sundarbans is very
diverse and full of different species. In Bangladesh, 315 species have been noted
(Sarker and Sarker, 1986; Hussain and Acharya, 1994). This includes about 95
species of waterfowl (Scott, 1989) and 38 species of raptors (Sarke1985a,b). There
are many kinds of gulls and terns, especially along the coast and major waterways.
The grey-headed fish eagle (Ichthyophaga ichthyaetus) and Pallas’s fish-eagle
(Haliaeetus leucoryphus) are rather rare. Besides the species that are mainly found in
the sea and wetlands, there is also a large variety of forest birds, like woodpeckers,
barbets, shrikes, drongos, mynahs, minivets, babblers, and many others (Salter, 1984).
At least five species, including the Javan rhinoceros (Rhinoceros sondaicus), water
buffalo (Bubalus bubalis), swamp deer (Cervus duvauceli), gaur (Bos frontalis), and
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possibly the hog deer (Axis porcinus) have locally vanished over the last century
(Seidensticker and Hai, 1983). The one-horned rhino (Rhinoceros unicornis), Indian
bison (Bos gaurus), and sambhar (Cervus unicolor), once common here, are now
locally extinct. The only primate is the rhesus macaque (Macaca mulatta), which is
still found in good numbers, but its population is slowly declining (Blower, 1985;
Gittins, 1981). The Sundarbans in both Bangladesh and India support one of the
largest groups of tigers, Panthera tigris (estimated at 350-400). Spotted deer (Cervus
axis) and wild boar (Sus scrofa) are plentiful and are the main prey for the tigers. In
addition, there are three types of otters, wild cats (Felis bengalensis, F. chaus, and F.
viverrina), and the Ganges River Dolphin (Platanista gangetica).

Here, the fame of the Sundarban for its man-eating tigers must be mentioned. Every
year, a notable number of people (an average of 23 each year) are killed by tigers,
especially in the southern and western regions of the Sundarban. Hendrichs (1975)
suggested that these killings were connected to high salt levels and the lack of fresh
water for drinking. However, recent studies indicate that the killing of humans is at
least partly related to the frequency of tiger-human interactions, which make humans
easy targets (Salter, 1984; Siddiqi and Choudhury, 1987).

Dangers to Biodiversity:

The variety of life in wetlands is influenced by many factors, including their past
history, ancient climate, current physical conditions, human activities, and the
relationship with nearby environments. Additionally, social, cultural, economic, and
political factors impact biodiversity both directly and indirectly. These elements have
been explored in detail regarding inland freshwater wetlands by Gopal (2005, 2006),
and a framework is illustrated in Figure 3. The same factors also affect the
biodiversity of mangrove wetlands, like the Sundarban, where the interaction of water
flow, land shape, and chemical composition is very clear. Mangroves are quite
different from freshwater wetlands in their water conditions because they connect
with both the ocean and land every day.

However, the biodiversity of the Sundarban mangroves has been impacted by many
years of human use of the forests, their change into rice fields, and land reclamation
for different purposes. Eaton (1991) explains the history of human settlement in the
Sundarban from 1200 to 1750 A.D., while Richard and Flint (1991) detail how the
Sundarban changed under British control afterward, and Presler (1991) covers the
management of the area up until 1952. It is estimated that the Sundarban originally
spanned over 40,000 km2 in coastal Bengal. The clearing of the forest and the
promotion of rice farming were first encouraged by the Turk sultan rulers of Bengal.
After the British took over Bengal, the Sundarban still had 14,627 km2 of land and
4,881 km2 of waterways in 1793 (Richard, 1990). The British government also
promoted agriculture conversion actively. Hunter (1875) discusses the state of the
Sundarban at the end of the 18th century when the Governor of Bengal established a
rule to place untouched forests outside permanent settlements under Government
authority. The Commissioner for the Sundarban was assigned to “regulate and
manage the waterlogged forests and swamps of the lower delta” and “ensure that
private landowners cleared, settled, and reclaimed Sundarban forests and swamps for
rice farming” (Richards, 1990). By 1870, 2,790 km2 of mangroves had been cut
down. Another 2,750 km?2 of forests were reclaimed in the following sixty years, even
though around 10,000 km2 of Sundarban mangroves were designated as a protected
or reserve forest. The protected forests were still available for clearance on leasing,
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while cutting down trees was permitted in the protected forests. It is estimated that
1,570 km? of mangroves were lost in the thirty years after independence in 1947
(Richards, 1990).

Thus, major threats to wildlife have mainly come from the rising human population,
which has led to overuse of both trees and animals, and turning cleared land into
farms and fish farming. Today, the area around the Sundarban (in both India and
Bangladesh) is very crowded. About 2.5 million people live in many small villages
very close to or inside parts of the Sundarban, which a large number of people rely on
for their livelihood at specific times of the year.

Many people are involved in the commercial use of sundari and other types of trees,
while local people rely on the forest for firewood, wood for boats, poles for houses
and rafters, golpatta (Nipa fruticans) leaves for roofing, grass for matting and animal
feed, reeds for fencing, and fish for their own use. Honey and wax are collected in the
summer months (April to June) (Krishnamurty, 1990). Tens of thousands of
fishermen catch fish and shrimp for most of the year except during the rainy season.
In recent years, the collection of baby shrimp has increased greatly, especially for fish
farming in reclaimed areas (see, Haque, 2003; Hoq et al., 2001, 2006). It is estimated
that up to 60% of the shrimp post-larvae (PL) gathered from nature die during sorting,
transportation, and storage. This leads to more harvests from the mangroves.
Unfortunately, the PL harvesting of shrimp and prawns is likely the most profitable
local economic activity for many in the Sundarban. PL harvesting generates about
five times more income per person than rice farming, and likely even more on a net
income basis as inputs other than labor are much lower compared to agriculture.
Although the environmental effects of this activity are unclear due to a lack of
detailed information, the by-catch that is thrown away and usually dies is a significant
part of the Sundarban fisheries and probably has a major negative impact on the
aquatic wildlife within the protected mangrove areas. While the decrease in baby
shrimp directly impacts biodiversity, shrimp farming is also causing quick damage in
the Sundarbans, similar to other mangrove areas (Thornton et al., 2003; Barbier and
Sathirathai, 2004; Islam and Haque, 2004; Islam and Wahab, 2005). Large-scale
collection of shrimp from estuaries directly affects the species that rely on them for
food.

Fishermen’s camps are also a significant source of disturbance. Illegal hunting and
trapping of animals is common, not only by fishermen and woodcutters, but
occasionally also by military defense personnel, such as in Hiron Point in the
Sundarban South Wildlife Sanctuary (Blower, 1985). Habib (1989) noted that more
than 3,300 m of deer nets were removed between 1981 and 1987, but such poaching is
now rare. Adult marine turtles and Batagur that get caught in fishing nets are often
killed and sold for food.

Among water-related factors, the flow of freshwater is the most important because it
affects salinity and land shape by depositing sediments. The frequency of tides
remains mostly the same, but the height of tides significantly impacts how much
flooding occurs and the erosion of new sediments. Salinity levels are also affected by
tidal height. Human activities, like cutting down forests and changing the land for
other uses, directly affect freshwater flow and sediment build-up. The type of
sediments (ranging from clay to sand) also greatly affects the mangrove plants and
animals in the area. The Sundarban mangroves are situated on a relatively young delta
that is experiencing major changes. These changes are due to tectonic activity, which
is causing the delta to tilt to the east, as well as the large amounts of sediments carried
by rivers coming from the Himalayas. The build-up of sediments in the west and the
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eastward tilt causes the river to shift to the east. It was mentioned earlier that most of
the tributaries of the River Ganga on the Indian side have filled with silt and do not
carry freshwater. As a result, higher salinity levels, especially during the dry season
(low flow period), impact biodiversity, with salinity-tolerant species gradually taking
over species that rely on regular freshwater. Recent studies by Hoq et al. (2006) have
shown how strongly salinity, temperature, and conductivity affect the seasonal
abundance and distribution of shellfish and finfish within the Bangladesh Sundarban.
The pollen evidence clearly shows that Heritiera fomes was very common in the
western parts of the Sundarban 5000 years ago and has recently decreased as salinity
has increased (Blasco, 1975; see also Rahman, 1990). Similarly, Nypa fruticans and
Phoenix paludosa are also quickly declining. As a long-term result, Heritiera is being
replaced by Excoecaria (Christensen, 1984). Overall, the forest is becoming simpler,
and the average height of the trees is getting shorter. It is estimated that in the
Bangladesh section of the Sundarban, 0.4% of the forest area is taken over by short
species every year. This also leads to a decrease in habitat for birds, monkeys, and
other tree-dwelling animals.

While the decline in plant life is well documented and continues to receive attention,
the effects of these changes on animals, especially invertebrates, have not been
studied. Reports indicate that changes in grassy plants are affecting the population of
spotted deer, which now has a much smaller number in the western areas where
salinity is highest. However, an increase in Sonneratia sp. helps the deer because the
leaves from this mangrove tree are a main part of their diet. There are several studies
in other mangrove areas showing how salinity levels and their seasonal changes affect
the growth and recruitment of different animals and their predators (see Hussain and
Acharya, 1994).

Given this situation, it’s clear that human actions are still seriously affecting
biodiversity in the Sundarbans. While some freshwater flows are redirected upstream
for irrigation or controlled for flood management and hydropower, there are major
concerns about the effects of diverting water into the Hooghly River by building a
barrier at Farakka on the Indian side of the border with Bangladesh. The water is
mainly needed to keep the channel open for navigation from the Bay of Bengal to
Calcutta Port. Regular dredging of the main channel is necessary to maintain the
depth required by large ships. Without enough information on Sundarban biodiversity
before the Farakka barrier was built, it is impossible to evaluate the extent of changes
since then. However, the hilsa (Hilsa ilisha) fisheries have significantly declined in
the Indian part of the Sundarban, mostly because the barrier prevents fish from
swimming upstream to their breeding areas (Sinha and Khan, 2001; Payne et al.,
2004).

While a lot of attention has been given to the changes in freshwater flow patterns
recently, the effects of embankments and polders need to be looked at more closely.
Over the last hundred years, all rivers and streams outside the protected areas have
been heavily enclosed to shield farmland from flooding caused by salty or brackish
water. Approximately 3,700 km of embankments were built in Bangladesh between
1960 and 1970 (Hussain and Acharya, 1994). These embankments and polders have
changed the flooding patterns, increased saltwater intrusion, led to erosion, sped up
silt buildup, and decreased the exchange of nutrients, which has impacted biodiversity
(Rahman et al., 1992; Bhattacharya, 1999).
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More dangers to biodiversity from pollution have emerged on both the land and sea
sides of the mangrove. Agrochemicals (like fertilizers and pesticides) used widely in
the areas around the Ganga and Brahmaputra rivers and their many tributaries, as well
as in fields close to the mangroves, pollute both the water and the land, directly
harming aquatic plants and animals. The increasing industrial activity around
Calcutta, especially the Haldia industrial complex, along with industries on the
western side of the Hooghly River, significantly add to the pollution problem and
therefore harm the Sundarban mangroves. On the sea side, serious pollution happens
from oil spills that cause major damage, particularly to marine life and seabirds
(Blower, 1985). An oil spill from a Panamanian cargo ship wreck in August 1994 near
the Dangmari Forest Station affected about 15 km?, including a large area of the
Sundarban. There were significant deaths recorded in the seedlings of Heritiera and
Excoecaria, grasses, fish, shrimp, and other aquatic creatures (Hussain and Acharya,
1994). Recently, offshore oil and gas exploration by both Bangladesh and India has
raised strong objections due to concerns about its potential effects on the wildlife of
the Sundarban (Anonymous, 2004; Saha et al., 2005).

Conservation :

The conservation of the Sundarban mangrove is believed to have begun when it was
declared a reserve forest under the Indian Forest Act in 1878. This was prompted by
Schlich’s concern for its conservation in 1875 (Presler, 1991). However, this action
only regulated how the government could use the area, rather than truly protecting it.
After India gained independence, Lothian Island (3,800 ha) was announced as a
Wildlife Sanctuary, and later in 1960, an additional 35,240 ha became part of the
Sajnakhali Wildlife Sanctuary. The hunting of tigers was completely banned in 1970,
after the IUCN classified the Bengal tiger (Panthera tigris tigris) as endangered.
Following this, the Government of India started Project Tiger in 1973, creating a
Tiger Reserve in the Sundarban that spans 2,585 km? (Fig. 4a). An extra area of 241
km? was set aside as another wilderness area. The main area of 1,330 km? was later
named a National Park. In 1976, a new wildlife sanctuary was established on Haliday
Island (595 ha) to protect the spotted deer (Axis axis), wild boar (Sus scrofa), and
rhesus macaque (Macaca mulatta), which are common animals in a forest mainly
made up of Ceriops decandra.

Shortly after, in 1977, Bangladesh created three wildlife sanctuaries: Sundarban West
(71,502 ha), Sundarban East (31,226 ha), and Sundarban South (36,970 ha). These
sanctuaries protect about 23.5% of the remaining Sundarban under the Bangladesh
Wildlife (Preservation) (Amendment) Act, 1974. These sanctuaries (IUCN, 1997) are
located on separate deltaic islands in the Sundarban Forest Division of Khulna
District, close to the border with India and just west of where the Ganges,
Brahmaputra, and Meghna rivers flow out (Fig. 4b). In 1987, the Sundarban National
Park in India and in 1997 parts of the Sundarban in Bangladesh were added to the
World Heritage list (IUCN, 1997).

The whole Indian Sundarban area south of the Dampier-Hodges line (which marks the
limit of tidal influence), including 5,366 km? of reclaimed land, has also been named
the Sundarban Biosphere Reserve. The Biosphere Reserve has several different zones:
a Core Zone that includes the National Park and Tiger Reserve, a Manipulation Zone
(2,400 km? of mangrove forests), a Restoration Zone that covers 240 km? of damaged
forest and saline mud flats, and a Development Zone, which mostly consists of
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reclaimed areas. Only the Core Zone has strict conservation rules. Activities that
generate income, like collecting black tiger prawn (Penaeus monodon) seeds, farming
oysters and crabs, growing mushrooms, and beekeeping for honey production, are
allowed in the Manipulation Zone. Efforts are also underway to restore some
damaged areas through planting new trees. Among animal species, the estuarine
crocodile and the Olive Ridley turtle are receiving attention through captive breeding.
The Sundarban Tiger Reserve in India has launched a special program for sea turtle
conservation (http://www.wildbengal.com/sanctuaries/sunderban_main.htm).

The methods for conservation are quite different between the Indian and Bangladesh
Sundarbans, as explained in detail by Seidensticker (1991). The Bangladesh
Sundarban is managed as a safe place where animals are protected in small safe zones
within the larger forest area by safeguarding important resource “hot-spots” that are
crucial for the survival of animal populations. This method believes that protected
core areas surrounded by limited-use buffer zones can help keep communities and
species like large mammals and birds alive, as they rely on resources such as food and
places to nest or rest across wider regions.

In India, on the other hand, the plan for Sundarbans conservation focuses on
designating areas where the full needs of a community can be satisfied, while also
connecting the ecological needs of wildlife with the overall management of the
Sundarbans system. Additionally, by doing this, the natural processes that wildlife
depend on become essential values in the management plan.

Destiny of the Sundarban :

Two main factors will decide the future of the Sundarban mangroves and their variety
of life. First, the need for freshwater is sure to rise as the population in both countries
keeps growing, leading to limited freshwater flow during the monsoon season when
large floods happen in eastern India and Bangladesh. This increase in saltwater and
buildup of sediments may change the types of plants that grow there. Effects on
animal communities may also happen from both, the direct impact of salt and
indirectly through changes in the food chain caused by the changes in the type and
amount of organic matter available in the mangrove environment.

Therefore, how humans react to the changes in rainfall patterns, and thus the
availability of freshwater, will decide how much water is available to maintain the
functions and importance of the mangroves. The proposed plan by India for
transferring water between river basins through a river-linking project has already
raised concerns about the future of the Sundarban and its abundant biodiversity, as
well as for the millions of people who rely on it (Ahmed et al., 2004).

Secondly, global climate change is expected to increase the average temperature and
changes in rainfall over time and space, as well as lead to a rise in sea level (Ellison,
1994). The rise in temperature and changes in rainfall will put more stress on
freshwater supplies and, therefore, change the freshwater flow to the mangroves. If
rainfall decreases in the Ganga-Brahmaputra areas, it could further limit the
availability of freshwater in the delta region. Some climate change models also show
more frequent tropical storms and ocean surges, which may lead to more changes in
how freshwater and seawater mix and thus impact the mangroves (Ali, 1995, 2003;
Ali et al., 1997). Large parts of the Sundarban along the shore are expected to be
flooded by seawater in this situation, and the increased saltier water moving in would
affect the living organisms in the area.
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In the end, the future of the Sundarban mangroves depends on how well we manage
the limited freshwater resources to meet both human needs and environmental health,
along with effective responses to the added challenges from climate change.
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