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• The likely future distribution of Bengal
tiger in the Sundarbans forest was
modeled using IPCC RCP6.0 and RCP8.5
scenarios.
• Our results suggest a rapid decline in the
Bengal tiger population and suitable
habitats in the Sundarbans.
• By 2070, there will be no suitable tiger
habitats remaining in the Bangladesh
Sundarbans.
• Climate change will have a more pronounced effect on tiger habitats than
that of sea level rise in the area.
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a b s t r a c t
The Sundarbans, in southern coastal Bangladesh, is the world's largest surviving mangrove habitat and the last
stronghold of tiger adapted to living in a mangrove ecosystem. Using MaxEnt (maximum entropy modeling), current distribution data, land-use/land cover and bioclimatic variables, we modeled the likely future distribution of
the globally endangered Bengal tiger (Panthera tigris tigris) in the Bangladesh Sundarbans. We used two climatic
scenarios (i.e., RCP6.0 and RCP8.5) developed by the Intergovernmental Panel on Climate Change (IPCC) to provide projections of suitable habitats of Bengal tigers in 2050 and 2070. We also combined projected sea-level rise
for the area in our models of future species distributions. Our results suggest that there will be a dramatic decline
in suitable Bengal tiger habitats in the Bangladesh Sundarbans. Other than various aspects of local climate, sealevel rise is projected to have a substantial negative impact on Bengal tiger habitats in this low-lying area. Our
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model predicts that due to the combined effect of climate change and sea-level rise, there will be no suitable Bengal tiger habitat remaining in the Sundarbans by 2070. Enhancing terrestrial protected area coverage, regular
monitoring, law enforcement, awareness-building among local residents among the key strategies needed to ensure long-term survival and conservation of the Bengal tiger in the Bangladesh Sundarbans.
© 2019 Elsevier B.V. All rights reserved.

1. Introduction
Climate change has already threatened biodiversity worldwide with
many species already responding to recent climatic shifts (Pimm, 2008;
Heller and Zavaleta, 2009; Dawson et al., 2011; Garcia et al., 2012; Aryal
et al., 2015, 2016a). Climate change has direct impacts on biodiversity
by shaping species habitat range (Colwell et al., 2008), their survival
(Chamaille-Jammes et al., 2006), resource availability (Visser and
Both, 2005) and interactions among species (Moritz and Agudo,
2013). The relative impacts of climate change on wildlife varies by region, with previous studies focusing on particular regions or species
(see - Colwell et al., 2008; Costion et al., 2015; Struebig et al., 2015a,
2015b; Alamgir et al., 2015; Wich et al., 2016).
Globally, anthropogenic climate change has already led to a warmer
temperature, changing precipitation, and more frequent extreme
weather events (Bindoff et al., 2007; IPCC, 2014). Sea level rise (SLR) associated with climate change likely to also adversely affect the biodiversity and wildlife habitats in coastal low-lying regions (Nicholls and
Cazenave, 2010). Tropical Asia is one of the most vulnerable regions to
climate change and SLR with yet one of the highest rates of deforestation in the world (Hansen et al., 2013; IPCC, 2014). The region is also
home to a large number of threatened and endemic species making it
critical for integrated assessment and planning for effective conservation in the context of climate change and associated events (Kaeslin
et al., 2012; Stanton et al., 2015; Apan et al., 2017).
Tiger (Panthera tigris) is the largest predator in Asia and historically
distributed across much of the continent (Walston et al., 2010a; Fig. 1).
The global number of the tiger is now as few as 3890 individuals (WWF,
2016), although these wild tigers are mostly found in the protected
areas (Wikramanayake et al., 1998; Walston et al., 2010b). Approximately 1.5 million square kilometres (km2) tiger habitats remain now,
representing only about 7% of their historical range (Dinerstein et al.,
2007; Walston et al., 2010a). Habitat loss, hunting, and illegal trade of
tiger parts have decimated the number of wild tigers by 96% from nearly
100,000 individuals on 1900s (Dinerstein et al., 1997; Kitchener and

Dugmore, 2000). In recent years, international conservation and donor
agencies together with the governments have initiated programs to address this issue and to increase tiger persistence outside of the protected
areas (see - Aryal et al., 2016b; WWF, 2016; Thapa et al., 2017). Of the
eight subspecies of tiger, three (i.e., Panthera tigris balica; Panthera tigris
virgata; Panther tigris sondaica) have already gone extinct (Luo et al.,
2004) and the rest are either endangered or critically endangered
(IUCN, 2015).
The Bengal tiger (Panther tigris tigris) is one of the sub-species of
tiger that is geographically restricted to Bangladesh, Bhutan, India,
Nepal, and Myanmar (Ranganathan et al., 2008; IUCN, 2015). The Bengal tiger also represents the largest remaining population (~67%) of
wild tigers in the world (WWF, 2016). The Sundarbans mangrove forest,
the world's largest contiguous mangrove forest shared between
Bangladesh and India with an area of about 10,263 km2, is also the
world's only mangrove forest with tigers and the largest remaining Bengal tiger habitats in the world (Ifthekar and Islam, 2004; Dinerstein
et al., 2007; McGregor, 2010). The Sundarbans, due to its geographic location is one of the world's largest and dynamic delta system and also at
the forefront of climate change and related events (Sarwar, 2013; MoEF,
2016). Climate change has already caused changes in vegetation
(Mukhopadhyay et al., 2015), salinity (Hoque et al., 2006) and sedimentation (Syvitski et al., 2009) in the Sundarbans. The mean elevation of
most of the Sundarbans is less than one meter (m) above sea level
(asl), making it also highly vulnerable to SLR (Canonizado and
Hossain, 1998).
Preparing for impacts of climate change must be based on insight
from real world actions, considering the complex interactions between
species and the physical environment (Ockendon et al., 2014). Here we
investigate the likely future distribution of Bengal tiger in the
Bangladesh Sundarbans under changing climatic scenarios. A previous
study considering only SLR found a dramatic decline in suitable habitats
for tigers in the Sundarbans mangrove forest (see Loucks et al., 2010).
Our study jointly addresses the issue of changing climate and SLR on
Bengal tigers - a globally important conservation ﬂagship species in

Fig. 1. a) An illusive Bengal tiger laying in the forest (Photo: Rakesh Narala), b) vegetation pattern in the Sundarbans (Photo: Sharif A. Mukul), and c) the major prey species - spotted deer
in the Sundarbans (Photo: Sayam U. Chowdhury).
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one of the world's active delta system and largest mangrove forest.
Identifying the extent to which Bengal tigers could be affected by climate change and SLR is important both for their conservation and effective management (Bellard et al., 2016), and also critical to understand
the impacts of climate change on large predators in mangrove
ecosystems.
2. Materials and method
2.1. The study area
The Bangladesh Sundarbans (hereafter refer to as ‘the Sundarbans’)
covers an area of about 6017 km2, nearly 60% of the total area of the
Sundarbans (Fig. 2). The area is under the jurisdiction of the Forest Department (FD), and designated as a reserved forest. Geographically
Sundarbans is situated on the lower Ganges-Brahmaputra delta, the
world's second largest watershed system (Ericson et al., 2005). There
are three wildlife sanctuaries in the Sundarbans, i.e., Sundarban West
(715 km2), Sundarban South (370 km2), and Sundarban East
(310 km2). The area is also a UNESCO World Heritage Site and a Class
3 tiger conservation landscape of global priority (Dinerstein et al.,
2006).
The climate in the area is humid tropical with a mean annual rainfall
about 1700 mm and annual temperature ranging between 29° and 31 °C
(Gopal and Chauhan, 2006). The area experiences severe tropical cyclones almost every year, originating from the Bay of Bengal, which
acts as a natural barrier during their landfall (Harun-or-Rashid et al.,
2009). At least 334 species of plants, 49 mammals, 59 reptiles, 8 amphibians, and 315 bird species have been recorded from the area
(Ifthekar and Islam, 2004; Aziz and Paul, 2015). The vegetation of the

area is dominated by halophytic species (Biswas et al., 2007;
Mukhopadhyay et al., 2015). Three species, i.e., Heritiera fomes,
Excoecaria agallocha and Ceriops decandra represents approximately
95% of the vegetation in the area (Ifthekar and Saenger, 2008; Fig. 2;
Table S1).
Of the total area of the Sundarbans, about 30% is comprised of a complex network of rivers and streams of varying depth and width (Islam
et al., 2014). The elevation of most of the Sundarbans varies from
0.5 m to 3.0 m asl with nearly 70% of the area under 1 m asl (Siddiqi
2001; Khan, 2013; Table S2). The majority of the vegetation in the
area inundated by water twice a day during regular tidal ﬂooding
(Khan, 2013). The salinity also varies within the Sundarbans and are
less saline (oligohaline) on the eastern part and more saline
(polyhaline) on the western part (Hoque et al., 2006; Fig. 2). The soils
of the area are ﬁnely textured with silty clay loam (Choudhury, 1968).
2.2. Bengal tiger distribution data
The Bangladesh Sundarbans has a tiger occupancy of 4832 km2
(Barlow et al., 2008). A previous study using radio collar and satellite
tracker identiﬁed home ranges of female tigers to be about 20 km2 in
the Sundarbans region indicating a high density of tigers in the area
(Barlow et al., 2011). Even if the tiger home ranges are double, the
Bangladesh Sundarbans could support 100–150 breeding females or
300–500 tigers overall (Barlow, 2009). Using the pugmark sign, a comprehensive tiger census on 2004 estimated 440 Bengal tigers in the
Bangladesh Sundarbans (Barlow et al., 2008; Ahmad et al., 2009). The
latest census using camera traps, however, have identiﬁed tiger population to be between 83 and 130 individuals in the Bangladesh
Sundarbans (Dey et al., 2015). The camera traps used in the last census,

Fig. 2. (a) The global distribution of tigers (Source: IUCN, 2015); (b) the Bangladesh Sundarbans with major vegetation zones, salinity zones and location of three major wildlife sanctuaries; and (c) topographic map of the Bangladesh Sundarbans.
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however, were restricted to only a few locations, therefore, we used the
occupancy data of Bengal tiger based on pugmark sign. For the present
study, we used 66 tiger presence points (see Fig. 2) as described in
Barlow et al. (2008) based on their intensive survey in the area.

We used 19 gridded temperature and precipitation parameters
downscaled to 1 km2 (30 s) spatial resolution derived from WorldClim
(www.worldclim.com) as our baseline climate conditions (Hijmans
et al., 2005; Table 1). These parameters are biologically more meaningful to deﬁne the eco-physiological tolerances of most species (Graham
and Hijmans, 2006). The vegetation data of the Sundarbans were obtained from the Bangladesh Forest Department. We superimposed
three major wildlife sanctuaries to assess the ability of existing terrestrial protected area networks to support Bengal tiger habitats in the
area. For elevation, we used a digital elevation model (DEM) at 30 m
resolution from NASA's Shuttle Radar Topography Mission (SRTM).
We performed a multicollinearity test to check any cross-correlation
among predictor variables (Table S3). In the ﬁnal model, we used only
nine bioclimatic variables and vegetation type (VEG) of the Sundarbans
(Table 1). All data were processed using ArcMap (version 10.2).

2.4. Climate projections and scenarios
We used two general climate circulation trajectories (representative
concentration pathways or RCP) as developed by the Intergovernmental
Panel on Climate Change (IPCC) (IPCC, 2014). The trajectories are based
on plausible ranges of global greenhouse gas emissions and/or concentrations, where RCP8.5 is a substantially rising pathway and RCP6.0 is an
intermediate pathway (Makino et al., 2015). To predict the future distribution of Bengal tiger in the Sundarbans, we used two reference year,
i.e., 2050 and 2070.
Globally, sea level rise is likely to occur in the ranges of 38–73 cm for
RCP6.0 and 52–98 cm for RCP8.5 by 2100 (IPCC, 2013). To predict the effect of sea level rise in tiger habitats in the Sundarbans, four different
SLR scenarios were developed (see Table 2). We used digital terrain
modeling techniques using a current DEM of the area for our
projections.

Table 1
List of bioclimatic variables used in the preliminary and ﬁnal models of our study.
Parameter

Description

Final model
Yes

BIO1
BIO2
BIO3
BIO4
BIO5
BIO6
BIO7
BIO8
BIO9
BIO10
BIO11
BIO12
BIO13
BIO14
BIO15
BIO16
BIO17
BIO18
BIO19
VEG

Annual mean temperature
Mean diurnal range
Isothermality
Temperature seasonality
Max temperature of warmest month
Min temperature of coldest month
Temperature annual range
Mean temperature of wettest quarter
Mean temperature of driest quarter
Mean temperature of warmest quarter
Mean temperature of coldest quarter
Annual precipitation
Precipitation of wettest month
Precipitation of driest month
Precipitation seasonality
Precipitation of wettest quarter
Precipitation of driest quarter
Precipitation of warmest quarter
Precipitation of coldest quarter
Vegetation type

Table 2
Projected sea level rise under different climate scenarios used in this study.
Scenario

RCP6.0
RCP8.5

2.3. Bioclimatic variables and data sources

No

x
x
x
x
x
x

Sea level rise (cm)
2050

2070

30
40

60
80

2.5. Habitat distribution modeling
We used maximum entropy (MaxEnt) species distribution model
based on the principle of maximum entropy to model the potential species distribution (Phillips et al., 2006). It is widely used for species distribution modeling and superior than any other tool used for modeling
species distribution (Hernandez et al., 2006; Kramer-Schadt et al.,
2013). Another advantage of MaxEnt is, it is developed to model species
distribution using presence-only data when few presence records are
available for a target species (Pearson et al., 2007; Kumar and
Stohlgren, 2009).
We executed a total of 500 runs for our model, building with a
threshold rule of 10 percentile training presence. We evaluated models
using ‘Area Under the Receiver Operating Characteristic (ROC) Curve’ or
‘Area Under Curve (AUC)’, considering models with AUC ≥ 0.8 to be
good to excellent (Lobo et al., 2008). As per suggested by Elith et al.
(2011), we applied an omission error of 10%, thereby, areas only within
90% presence data were considered as suitable habitats in our models.
We prepared the current and projected habitat suitability maps of Bengal tiger using threshold raster layers, and calculated their likely habitat
loss.
2.6. Model limitation and uncertainties
Climate changes are likely to affect the frequency and magnitude of
climate extremes in the near future (Butt et al., 2016) and may also possess synergistic effect with other biodiversity threats (see- Brook et al.,
2008; Ockendon et al., 2014). Considering only climate exposure in species distribution models, therefore, could lead to an underestimation or
overestimation of future suitable habitats of Bengal tiger in the
Sundarbans area. Other than the extreme climatic events
(e.g., cyclone) (Harun-or-Rashid et al., 2009), poaching (Saif et al.,
2016), human-wildlife conﬂict (Inskip et al., 2013), over-consumption
of tiger prey species (Mohsanin et al., 2013) are also common in the
Bangladesh Sundarbans and directly affecting the population of Bengal
tiger in the area. The changes in total forest coverage in the Sundarbans
over the last three decades although found to be nonsigniﬁcant (Giri
et al., 2015; Joshi et al., 2016); changes in the vegetation pattern
(Mukhopadhyay et al., 2015), invasive species (Biswas et al., 2007), salinity (Hoque et al., 2006) and sedimentation (Syvitski et al., 2009),
however, are prevalent. In our models, we were not able to include
these aspects due to scarce spatially explicit data for the Sundarbans
area.
3. Results

x
x
x
x
x
x
x
x
x
x
x
x
x
x
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3.1. Current distribution of Bengal tiger in the Sundarbans
Our model calibration (AUCtrain = 0.735) and validation (AUCtest =
0.9) indicated a good performance of the model. Fig. 3 below shows the
likely current distribution of Bengal tiger in the Bangladesh Sundarbans.
Based on Jackknife estimates, precipitation of the warmest quarter
(BIO18) mostly inﬂuences the Bengal tiger distribution in the area,
which explained 42.6% variation in the model. Other bioclimatic and environmental variables inﬂuencing the Bengal tiger distribution in the
Sundarbans forests included - vegetation type (VEG), maximum temperature of the warmest month (BIO5), isothermality (BIO3), annual
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Fig. 3. Projected current distribution of Bengal tiger in the Bangladesh Sundarbans using MaxEnt. The colors closer to the red indicate a high probability of Bengal tiger presence in the area
and vice-versa. The three wildlife sanctuaries are within the black borders. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this
article.)

mean temperature (BIO1) and mean temperature of the warmest quarter (BIO10) (Table 3). The remaining bioclimatic variables appeared to
have no signiﬁcant effect in determining the distribution of Bengal
tiger in the area.
3.2. Impacts of climate change and sea level rise on Bengal tiger distribution
in the Sundarbans
The distribution of Bengal tiger in Bangladesh Sundarbans with
IPCC's RCP6.0 and RCP8.5 climate projections are shown in Fig. 4. In
the ﬁgures, the colors closer to the red represent a greater chance of
Bengal tiger persistence, whilst the color near to blue indicate

unsuitable habitat for tiger. Sea level rise is likely to further deteriorate
the situation by shrinking suitable tiger habitats in the area (Fig. 5). The
projected habitat loss due to climate change will be 49.7% and 96.2% respectively by the year 2050 with IPCC's RCP6.0 and RCP8.5 scenario
(Table 4). A complete loss of habitat is likely to happen only due to climate change by the year 2070 with RCP8.5 scenario. Although sea
level rise continues to threaten the existence of Bengal tiger habitats
in the area, the effect will be not as be pronounced as climate change
(see Table 4). Due to the combined effect of climate change and sea
level rise, there will be no remaining Bengal tiger habitat in the
Sundarbans by the year 2070.

3.3. Conservation of Bengal tiger in the Sundarbans
Table 3
Relative importance of different bioclimatic and environmental variables in Bengal tiger
distribution in Bangladesh Sundarbans.
Variable

Percent
contribution
(%)

Permutation
importance

Precipitation of warmest quarter
Vegetation
Maximum temperature of warmest
month
Isothermality
Annnual mean temperature
Mean temperature of warmest quarter

42.6
27.7
12.7

40.8
18.6
24.1

12
5
0.1

10.7
5.7
0

We observed a limited capacity of existing terrestrial protected areas
network in the conservation of Bengal tiger in Sundarbans forests of
Bangladesh. Fig. 6 below shows the projected suitable habitats of Bengal
tiger within the existing protected areas of Bangladesh Sundarbans on
2050 and 2070 using IPCC's RCP6.0 and RCP8.5 scenario. Apparently,
two wildlife sanctuaries (i.e., Sundarban West and Sundarban South
WS) contribute largely to the conservation of Bengal tiger in the area
where a viable tiger population is likely to occur. only in one wildlife
sanctuary (i.e., Sundarban West WS). The three new wildlife sanctuaries
(i.e., Dudhmukhi WS, Chandpai WS and Dhangamari WS) that have
been declared recently in the area are not strategically important for

S.A. Mukul et al. / Science of the Total Environment 663 (2019) 830–840
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Fig. 4. Likely distribution of Bengal tiger in the Bangladesh Sundarbans – (a) distribution on 2050 with IPCC's RCP6.0 scenario, (b) distribution on 2050 with RCP8.5 scenario,
(c) distribution on 2070 with RCP6.0 scenario, and (d) distribution on 2050 with RCP8.5 scenario. The three wildlife sanctuaries are within the black borders.

the conservation of Bengal tiger due to their size (170–560 ha), location
and target species.

4. Discussion
4.1. The future of Bengal tiger in the Sundarbans
We found a dramatic decline of suitable Bengal tiger habitats in
Bangladesh Sundarbans using IPCC's RCP6.0 and RCP8.5 scenario
(Fig. 4). Climate change has a more pronounced effect on Bengal tiger
habitats than that of only sea level rise in the area. Together climate
change and sea level rise will further exacerbate the situation in
Bangladesh Sundarbans (see Table 4). In fact, our model predicted
that by 2070 there will be no remaining suitable Bengal tiger habitat
in the Sundarbans. Loucks et al. (2010) also reported a sizable reduction
in suitable Bengal tiger habitat's in the Sundarbans with rising sea level.
Our study though conﬁrms a complete loss of tiger habitats in the
Sundarbans by 2070. We found that the effect of climate change will always be profound than that of only sea level rise in the area.

Globally, many wildlife species have already responded to changing
climate and sea level rise (see- Réale et al., 2003; Sinervo et al., 2010;
Sheridan and Bickford, 2011; Ockendon et al., 2014; Auer and King,
2014; Struebig et al., 2015a; Alamgir et al., 2015; Costion et al., 2015;
Wich et al., 2016), although the relative contribution of different climatic parameters in the distribution and abundance of various wildlife
species still remains undeﬁned (Colwell et al., 2008; Pimm, 2008;
Mantyka-Pringle et al., 2012; Maxwell et al., 2016). In recent years, it
is widely acknowledged that, other than climatic factors, interaction
with other species and environmental factors are also reponsible to a
greater extent, for the changes and losses of biodiversity at both the
local and global levels (Thomas et al., 2004; Brook et al., 2008;
Mantyka-Pringle et al., 2012; Uddin et al., 2013; Alamgir et al., 2015;
Segan et al., 2015). These statements are in accordance with the ﬁndings
of our study.
There are contradictions about the global and regional projections of
the future rate of SLR (Paciﬁci et al., 2015). Bindoff et al. (2007) predicted that sea level will rise by 4 mm year annually, with estimates of
global SLR ranging between 0.22 and 0.42 ± 0.15 m by the mid2090s, although, more recent global projections suggested that the
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Fig. 5. Projected sea level rise impacts in the Bangladesh Sundarbans – (a) areas after IPCC's RCP6.0 projection for 2050, (b) areas after IPCC's RCP8.5 projection for 2050, (c) areas after
IPCC's RCP6.0 projection for 2070, (d) areas after IPCC's RCP8.5 projection for 2070. The three wildlife sanctuaries are within the black borders.

rate of SLR will be greater than previously thought (see – Hansen, 2007;
Rahmstorf, 2007; Pfeffer et al., 2008; Pethick and Orford, 2013).
The future of many wildlife species will largely depend on their ability to adapt or tolerate to a wide range of climatic conditions,
e.g., limited or heavy rainfall, a change in temperature, etc. (see –
Feeley and Silman, 2010; Ramirez-Villegas et al., 2014; Alamgir et al.,

Table 4
Bengal tiger habitat loss in Bangladesh Sundarbans due to climate change and sea level rise
on 2050 and 2070.
Scenario

RCP6.0

RCP8.5

Description

Only climate change
Only SLR
Climate change and
SLR
Only climate change
Only SLR
Climate change and
SLR

2050

2070

Percent
(%)

Area
(km2)

Percent
(%)

Area
(km2)

49.7
5.42
54.2

2401.5
261.9
2618.9

99.4
28.5
100

4803.1
1377.1
4832.0

96.2
11.3
96.9

4648.4
546.1
4682.2

100
48.9
100

4832.0
2362.8
4832.0

2015). Among our selected bio-climatic variables, six temperature parameters (out of 10) and two rainfall parameters were included in the
model. Our model projection suggested a denser Bengal tiger population currently in the western part of the Sundarbans which is also reported in Ahmad et al. (2009) and Barlow (2009). In our ﬁnal MaxEnt
model, precipitation in the warmest quarter (BIO18), and four temperature parameters (i.e., maximum temperature of warmest month
(BIO5), isothermality (BIO3), annual mean temperature (BIO1) and
mean temperature of the warmest quarter (BIO10)) contributed respectively 42.6%, 12.7%, 12%, 5%, 0.1%. Vegetation type (VEG) was another
important environmental parameter explaining the variation in Bengal
tiger habitat distribution in the area and contributed 27.7% in our ﬁnal
MaxEnt model.
Using both IPCC scenarios, we found a moderate effect of sea level
rise on suitable Bengal tiger habitats in 2050, contributing respectively
5.42% and 11.3% habitat loss in the area. Since it was not possible for
us to include SLR in our MaxEnt model, we superimposed sea level
rise data with our MaxEnt outputs using digital elevation models.
Using higher resolution (i.e., sub-meter) DEM, Loucks et al. (2010),
however, found that a 28 cm rise in sea level in the area might result
in a 96% loss of suitable Bengal tiger habitats, which is quite high compared to our ﬁndings. A higher resolution DEM, in our study, therefore,
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Fig. 6. Congruence of climate change and sea level rise impacts on Bengal tiger habitats in the Bangladesh Sundarbans: (a) suitable habitats on 2050 using IPCC's RCP6.0 scenario,
(b) suitable habitats on 2050 using IPCC's RCP8.5 scenario, (c) suitable habitats on 2070 using IPCC's RCP6.0 scenario, and (d) suitable habitats on 2070 using IPCC's RCP8.5 scenario.

could have yielded a major decline of suitable Bengal tiger habitat in the
Sundarbans area.
Our model suggested a total extinction of Bengal tiger in Bangladesh
Sundarbans due to climate change in 2070 using RCP8.5 emission pathway, which is a more substantially increasing climate change pathway
when compared with RCP6.0 (Makino et al., 2015). Climate change
alone will result in a reduction of 96.2% and 99.4% Bengal tiger habitats
in the area in 2050 and 2070, respectively using IPCC's RCP8.5 and
RCP6.0 scenarios. Together, climate change and SLR will contribute to
the total loss of Bengal tiger habitats in the area by 2070 using both
RCP6.0 and RCP8.5 scenario (see Table 4).

4.2. Conservation and management implications
Globally, climate change has challenged our approach to building
protected area networks because it may act as the only refuge for threatened wild fauna in near future and likely to drive accelerating shifts in
species distributions (Carvalho et al., 2011). In Bangladesh Sundarbans,
together the three main wildlife sanctuaries (i.e., Sundarban West,
South and East) covers approximately 23% of the total Sundarbans reserved forest owned by Bangladesh Forest Department. This ﬁgure is
still inadequate, considering the fact that, Sundarbans is the largest

wild habitat of Bengal habitat and only place where tigers are adapted
to live in mangrove ecosystems (Mukul et al., 2017, 2018).
Poaching of tigers, water divergence in upstream areas, wood collection, ﬁshing, and harvesting of other aquatic resources also pose serious
threats to Bengal tigers in the Sundarbans area (Aziz et al., 2013, 2017).
In the last ﬁve years, the Forest Department and law enforcers have recovered three tiger cubs and twelve tiger skins from the area (Roy,
2015). A high level of tiger-human conﬂict manifested in humankilling, livestock depredation, and ultimately the retribution killings of
tigers by affected local communities also common in the Sundarbans
(Ahmad et al., 2009). According to Inskip et al. (2013), at least three tigers are killed per year in the Sundarbans area as a result of tiger-human
conﬂict.
The main prey species of Bengal tiger in Sundarbans is the spotted
deer (Axis axis), although it also feeds on wild boar (Sus scrofa), rhesus
monkey (Macaca mulatta), and certain aquatic ﬁshes and crabs (Reza
et al., 2001). Poaching and unsustainable collection of prey species,
therefore, further reduces the capacity of the Sundarbans forest to support a tiger population (Ahmad et al., 2009). In addition to these, forest
degradation, climate-driven catastrophes like cyclones, invasive species,
industrial development in surrounding areas, and expanding water
transport networks within the Sundarbans area also causing threats to
the survival of the last remaining Bengal tigers in the area and needs
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to be taken into consideration for any successful tiger conservation effort (see – Biswas et al., 2007; Harun-or-Rashid et al., 2009; Hossain
et al., 2016; Ishtiaque et al., 2016; Alamgir et al., 2017; Castillo et al.,
2017).
5. Conclusion
Bangladesh, being situated in a low lying ﬂoodplain delta, is one of
the most vulnerable countries due to climate change and associated
events. Our study clearly indicates a rapid decline in the Bengal tiger
population and suitable tiger habitats in the Sundarbans area by 2050,
and a complete loss of this species by 2070. We have found that climate
change always had a greater effect than that of only sea level rise alone
on suitable Bengal tiger habitats. Even though, tiger poaching, humantiger conﬂicts, decline in prey species and death of tiger due to other catastrophic events including disease were not considered in this analysis,
both climate change and sea level rise were found enough to decimate
this iconic species from the Sundarbans – the only region where tiger
is adapted to live in a mangrove environment, by the end of this century.
In addition to that, poor protected area coverage for tiger conservation is
another issue hindering the future of Bengal tiger in the area.
Undesirably, both climate change and SLR is an unavoidable process
affecting most of the global ecosystems and species. The government of
Bangladesh, in such circumstances, should prioritize tiger conservation
by designating more areas for tiger conservation, creating corridors for
transboundary tiger movements, continues with strict monitoring and
law enforcement to control illegal human activity in the area, avoid unplanned development in the vicinity, and raise public awareness to control human-tiger conﬂicts in the area. Future conservation actions
should also consider possible climate change and SLR in the Sundarbans
area together with tiger prey abundance and their response to climatic
shifts.
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