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a  b  s  t  r  a  c  t

The  impact  of  climate  change  on  ecosystems,  especially  at the  species  level,  is  already  being  observed
across  the  world.  To  assess  potential  future  climate  change  effects  on  species,  scientists  often  use species
distribution  modelling  (SDM).  The  estimation  of  likely  changes  in  the  distribution  of  species  under  future
climate  conditions  is  a crucial  first  step  towards  the  mitigation  and  management  of future  species  losses
or  habitat  shifts.  Considering  this,  the  aim of the  present  study  is to  predict  the  effect  of  climate  change  on
a  valuable  threatened  tree  species,  Mangifera  sylvatica  Roxb.,  of  Bangladesh  using  Maximum  Entropy.  The
current potential  distribution  as by  the model  suggests  that  around  5% of  the  study  area  is  highly  suitable
wild  mango  habitat,  with  between  6% and  11%  being  moderately  suitable.  Under  the  RCP  4.5  scenario,
the  net decrease  in  suitable  habitat  is predicted  to be  7%  by  2070.  Under  the  RCP  8.5  scenario,  the  model
predicts  that  the  total area  suitable  for  mango  will  reduce  by 12% by 2050,  disappearing  altogether  by
2070.  Therefore,  urgent  measures  are  required  for  the  conservation  of M.  sylvatica  in  Bangladesh.  The

application  of the  species  distribution  model  may  provide  policymakers  and  conservationists  with  a
useful  tool  for  the prediction  of  future distribution  (at  both  local  and  regional  scales);  of  poorly  known
species  with  high  preservation  concerns.  The  approach  used  in  this  study  can  provide  a  rapid  assessment
of  the  future  conservation  status  of  other  important  forest  tree  species  in  Bangladesh  to  improve  our
understanding  of  the  vulnerability  under  changing  climate.

©  2016  Elsevier  Ltd. All  rights  reserved.
. Introduction

Global climate change is occurring at an unprecedented rate.
verage temperatures have increased by 0.85 ◦C in the last cen-

ury and are predicted to continue to increase by a minimum of
.3 ◦C–1.7 ◦C to a maximum of 2.6 ◦C–4.8 ◦C by 2100 (IPCC, 2013).
here are known effects of this change on ecosystems, species and
iodiversity (IPCC, 2015; CBD, 2010; Hansen et al., 2001). Effects
nclude changes in phenology, habitat range shifts and extinction
isk in one-fifth of plant species (Brummitt and Bachman, 2010;
enoir et al., 2008; Fischlin et al., 2007; Hickling et al., 2006;
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Parmesan and Yohe, 2003). Hence, it is important to understand
the impacts of climate change on the future habitat distribution
and suitability of species. Bangladesh is a biodiversity hotspot zone
because of its geographical and climatic traits. It supports species
numbers of at least 5000 angiosperms, five gymnosperms, 113
mammals, 628 birds, 126 reptiles, 22 amphibians, 708 fish, 2493
insects, 66 corals, 168 algae and 15 crabs (MoEF, 2001; IUCN, 2000;
Ahmed and Ali, 1996). This rich biodiversity is highly vulnera-
ble to climate change. According to the GOB (2005), the average
increase in temperature would be between 1.4 ◦C and 2.4 ◦C; pre-
dicted increases in rainfall are 6% and 10% for the two projection
years 2050 and 2100, respectively. The consequences of climate

change are already felt in Bangladesh. There has been an increase
in the frequency and intensity of floods, cyclones and droughts.
Together with a rise in sea levels, these pose an increasing threat to
the livelihoods of people (Ahmed, 2006). Unfortunately, very few
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tudies have been conducted yet on the impact of climate change
n forest ecosystems and biodiversity in Bangladesh (Alamgir et al.,
015; Sohel et al., 2016). Yet, for conservation planning, knowl-
dge of species’ potential distribution under current and future
limates is imperative. For example, species re-introduction is

 common strategy for recovery of depleted species as well as
estoration of degraded habitats and ecosystems (Polak and Saltz,
011; Rodríguez-Salinas et al., 2010; Nazeri et al., 2010; Ren et al.,
009). To ensure the long-term success of re-introduction strate-
ies, a detailed knowledge of the current distribution of the species
s required as well as its potential distribution under future cli-

ates (Adhikari et al., 2012). Here, species distribution modelling
SDM) is an effective tool to predict potential distribution and habi-
at suitability of target species, which can be used to design proper
onservation plans.

In Bangladesh, there are 59 edible wild forest fruits available
Das, 1986), an important one of which is the wild mango species,
. sylvatica. According to IUCN, the species is in the category of

lower risk/least concern’. However, this status is based on the
ata from 1998, and therefore needs updating (World Conservation
onitoring Centre, 1998). The species is threatened in Bangladesh

BFRI, 2013) and India (Jiji, 2015). M.  sylvatica is one of the most
mportant species in the hilly region of Bangladesh, not only for
ts fruits but also because of its role in carbon storage. Alamgir
nd Al-Amin (2007) found that M.  sylvatica has the second high-
st mean value in above-ground, below-ground and total organic
arbon (2.78, 0.42 and 3.20 t/tree) in the CHTs of Bangladesh. More-
ver, they also state that M.  sylvatica has the fifth highest total
rganic carbon storage (2.00 t/ha) among the species available in
illy regions. Unfortunately, this species is declining at an alarming
ate due to various factors. Dewan (2009) found that the important
alue Index (IVI) of M.  sylvatica in the CHTs is very low in compar-

son to other plant species. According to Dewan (2009), the reason
ehind the depletion is legal or illegal logging as well as shifting
ultivation. Forest fires associated with clearance for shifting culti-
ation have a further negative impact on the natural regeneration
f this species. Moreover, in Bangladesh, this species is used mainly

n the plywood industries for making tea chests, internal decora-
ion of buses, aircraft, cabinet making, house building and sports
oods. In Bangladesh, there are approximately 25 factories produc-
ng commercial plywood; the majorities are located in Chittagong
nd the CHTs and one of the major raw materials used is M. sylvat-
ca. The Bangladesh Standards and Testing Institution recommends
6 timber species for plywood production and M. sylvatica is one of
hem (Sattar, 2006). In Bangladesh, the young leaves of M.  sylvat-
ca are used as vegetables and the fruits are consumed (fresh and
rocessed) by the tribes in the CHTs (Jalil and Chowdhury, 2000).
herefore, a decline in the M.  sylvatica population will have a nega-
ive impact on the socio-environmental aspect. Bangladesh Forest
esearch Institute (BFRI) has undertaken initiatives to conserve
he species. It has initiated two projects: ‘Ex-situ conservation of
hreatened forest tree species in different agro-ecological regions of
angladesh’ and ‘Conservation of threatened plant species through
omestication’, which started in 2006–7 and 2003–4, respectively.
nder these two projects, the BFRI raised 17.5 ha and 0.2 ha of
onservation plots from seed, together with eight and ten other
hreatened species as gene banks (BFRI, 2013). Over time, M.  syl-
atica’s habitat has shrunk due to an ever-increasing demand on
and for cultivation, industry, human habitation, over exploitation,
llegal logging and encroachment. An important first step in the
onservation of this valuable species is to provide information on its
otential habitat extent for re-introduction and restoration. With-

ut this, it is difficult to plan and implement strategies for species
onservation, including re-introduction in areas where it has dis-
ppeared. The present study aims to fill this gap by modelling the
otential distribution under current climate conditions and to use
icy 60 (2017) 223–232

these models to assess the potential effects of projected climate
changes on the future habitat suitability and distribution of this
species. We thereby considered three research questions. Firstly,
which bioclimatic variables most influence the predicted distri-
bution of M. sylvatica? Secondly, to what extent is the potential
distribution of this species expected to change under projected
future climate changes?

2. Materials and methods

2.1. Study area

The study area (Fig. 1) is located in eastern part of Bangladesh in
Sylhet, Chittagong, Chittagong Hill Tracts (CHTs) and Cox’s Bazar.
The natural vegetation in this region is hill forest (evergreen to semi
evergreen forest) and is considered one of the most biodiversity rich
hotspots in the country (Sohel et al., 2015, 2010; Akhter et al., 2013;
Biswas and Choudhury, 2007; Mukul et al., 2014). It receives a mean
annual precipitation of 2540 mm.  Mean annual temperature ranges
from 22◦–25 ◦C. Mean annual humidity ranges from 75 to 83%. In
the last decades there has been a trend of increasing mean annual
temperature and rainfall from 1989 to 2009 in the north-eastern
part of Bangladesh (Akhter et al., 2013), including our study area.

2.2. Studied species

The investigated species for this study is M. sylvatica Roxb, a
wild mango species, which belongs to the Anacardiaceae fam-
ily. The species has several different local names in Bangladesh
and we will hence forward refer to this species as Uriam. Uriam
is mainly distributed in the tropical forests and subtropical rain-
forests of the Indo-Malayan biogeographic region (Udvardy, 1975),
in India, Bangladesh, Thailand, Cambodia, Nepal, China and Myan-
mar  (Fig. 1). In Bangladesh, the species is distributed in the hilly
areas such as Chittagong, Cox’s Bazar, the Chittagong Hill Tracts
and Sylhet (Fig. 1). The species prefers ‘Brown Hill Soils’, which
are found in the hilly regions and vary from brown sandy loam to
clay loam (FRA, 2000). A recent study showed that the kernel of this
species can be used as a cocoa butter alternative (Akhter et al., 2016)
and has the potential to be incorporated into small-scale forestry
programmes (Baul et al., 2015).

2.3. M.  sylvatica occurrence data collection

As the species is locally threatened, to gain information on the
species location, key informant interviews were conducted. Key
informants were considered based on: a) their familiarity with the
forest area, and b) an adequate background on the status of M.
sylvatica in the study area. Selected respondents included: local
forest department officials, forest product collectors, and indige-
nous group leaders living within and outside of the forest area. 253
trees (134 trees from Cox’s Bazar, 95 trees from Sylhet, 23 trees
from Chittagong and 1 tree in Banderban) were located in the study
area and their positions recorded using Global Positioning System
coordinates (Fig. 1).

2.4. Spatial modelling

MaxEnt (version 3.3.3k) was  used to model the distribution
of the species under present climate conditions and project the
potential distribution under future climates. MaxEnt is a widely
used species distribution model that can be used to predict the

probable distribution of a species based on biophysical and biocli-
matic parameters (Phillips et al., 2006). It needs only presence data
points (Phillips et al., 2006) and performs relatively well with small
sample sizes compared to other modelling methods (Kumar and
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ig. 1. Global and local (Bangladesh) distribution of wild mango (M.sylvatica). Loca
reen  colours represent the global distribution of wild mango (Udvardy, 1975). (Fo
he  web version of this article.)

tohlgren, 2009; Wisz et al., 2008; Pearson et al., 2007; Papers and
aubert, 2007; Elith et al., 2006; Weber, 2011). MaxEnt generates
n estimate of habitat suitability for the species that varies from 0
lowest suitability) to 1 (highest suitability). The strong attributes
f MaxEnt are: i) it has strong mathematical definition; ii) it gives a
ontinuous probabilistic output; iii) it can handle both continuous
nd categorical environmental data; iv) it can investigate variable
mportance; v) it has the capacity to handle low sample sizes; and
i) it has simplicity for model interpretation (Elith et al., 2011;
earson et al., 2007; Phillips et al., 2006).

Models were created using the default parameters and based on
resent climate conditions. As calibration data, we used a 75% ran-
om selection of the presence points and 10,000 random selected
ackground points, and the other 25% presence points were used
o evaluate the model’s goodness-of-fit using the Area Under the
eceiving Operator Curve (AUC) as the evaluation statistic. To vali-
ate the model robustness, we executed 10 replicated model runs
or the species. To find out which variables were most important,
he jackknife procedure of the MaxEnt model was used. We  used
he average of 10 model runs to create potential distribution maps
nder current conditions. We  used the same approach, but using
he future bioclimatic data as input, to create potential distribution

aps under projected future climate conditions. We  did this for all
our combinations of the two RCPs (RCP 4.5 and RCP 8.5) and years
2050 and 2070). The 0 to 1 suitability values of the resulting species
uitability distribution maps were aggregated into four classes of
otential habitats following the method by Yang et al. (2013), viz.

high potential’ (>0.6), ‘good potential’ (0.4–0.6), ‘moderate poten-
ial’ (0.2–0.4) and ‘least potential’ (<0.2).

.5. Bioclimatic variables
We  used 19 climatic variables (Table 1) as potential predic-
ors of M.  sylvatica’s habitat distribution. Bioclimatic variables
Hijmans et al., 2005) are biologically more meaningful to define
ibution based on individuals sampled during field survey in 2014 (red dots). Light
pretation of the references to colour in this figure legend, the reader is referred to

the eco-physiological tolerances of a species than simple rainfall
or temperature (Graham and Hijmans, 2006). They are, therefore,
frequently used in modelling species distributions (Yang et al.,
2013; Garcia et al., 2013; Adhikari et al., 2012). Data layers for
these bioclimatic variables were downloaded from the WorldClim
database, with 30 arc seconds (∼1 km)  spatial resolution. To project
the future distribution and habitat suitability due to climate change,
we used projected climatic data for 2050 and 2070 based on the
IPCC fifth assessment report available from www.worldclim.com.
Among four future greenhouse gas concentration trajectories (also
known as representative concentration pathways or RCPs) two
GHG concentration trajectories, RCP 4.5 and RCP 8.5, were consid-
ered for the two time periods. RCP 4.5 represents a stable scenario
where GHG will be stabilised due to green technologies and the
radiative force will reach up to 4.5 W/m2 by 2100 (Wise et al., 2009;
Clarke et al., 2007; Smith and Wigley, 2006; Guisan and Thuiller,
2005). RCP 8.5 represents a relatively extreme scenario where GHG
will continuously increase throughout 2100, at which time radia-
tive force will reach 8.5 W/m2 (Meinshausen et al., 2011; Riahi
et al., 2007). A widely used global circulation model, HadGEM2-
CC (Hadley Global Environment Model 2 Carbon Cycle) was used
in this study because of its well-known acceptability (Shrestha and
Bawa, 2014). This model has been used to perform all of CMIP5
(Coupled Model Inter Comparison Project Phase 5) and was  also
used by the IPCC in its fifth Assessment Report (Shrestha and Bawa,
2014).

The bioclimatic variables and the species presence data were
extracted and prepared using ArcGIS 10. To minimise multi-
collinearity, we used a step-wise variance inflation factor (Graham,
2003) selection procedure, whereby we  first computed the VIF
using all bioclim variables. The variable with the highest VIF was

removed and VIF was  computed for the remaining variables. This
was repeated until the VIF was below 10 for all remaining variables.
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Table 1
Environmental variables used in the study.

Code Climatic variables Unit

BIO 1 Annual mean temperature ◦C
BIO  2 Mean diurnal range (mean of monthly max. and min. temp.) ◦C
BIO  3 Isothermality ((Bio2/Bio7) × 100)
BIO  4 Temperature seasonality (standard deviation × 100) C of V
BIO  5 Maximum temperature of warmest month ◦C
BIO  6 Minimum temperature of coldest month ◦C
BIO  7 Temperature annual range (Bio5–Bio6) ◦C
BIO  8 Mean temperature of wettest quarter ◦C
BIO  9 Mean temperature of driest quarter ◦C
BIO  10 Mean temperature of warmest quarter ◦C
BIO  11 Mean temperature of coldest quarter ◦C
BIO  12 Annual precipitation mm
BIO  13 Precipitation of wettest period mm
BIO  14 Precipitation of driest period mm
BIO  15 Precipitation seasonality (CV) C of V
BIO  16 Precipitation of wettest quarter mm
BIO  17 Precipitation of driest quarter mm
BIO  18 Precipitation of warmest quarter mm
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BIO  19 Precipitation of coldest quarter 

.B. Variable with bold were used for final model run. The other variables removed

he remaining eight bioclimatic variables (Table 1, Supplementary
able 1) were used in our model.

. Results

.1. Model evaluation

The model calibration test for M.  sylvatica yielded satisfac-
ory results (AUCtrain = 0.92 ± 0.002 and AUCtest = 0.89 ± 0.02).
his indicates that the bioclimatic variables used for the model
xplained the predicted distribution very well. Amongst the input
ariables, mean diurnal range (BIO 2) contributed 29.2% and pre-
ipitation seasonality (BIO 15) contributed 22%. BIO 2, BIO 15, BIO
4 and BIO 18 together contributed 83% to the model. Maximum
emperature of warmest month (BIO 5) is the lowest contributed
limatic variable. The jackknife test showed that mean diurnal
ange (BIO 2) has the highest training gain when considered alone
Fig. 2).

.2. Species response and habitat suitability under present and
uture climatic conditions

Response curves showed changes in the logistic prediction when
ach predictor variable changed by keeping all other variables at
heir average sample value. Responses of the species to the changes
f bioclimatic variables are shown in Fig. 3. The response curves
howed that the distribution of M.  sylvatica is highly controlled
y both temperature and precipitation. The probability of pres-
nce is high when mean diurnal temperature (BIO 2) is above
0 ◦C. The probabilities of increasing the presence of the studied
pecies increased with increased temperature and were found to
e highest between 32 ◦C and 33 ◦C. The mean temperature of the
armest quarter (BIO 10) provides the mean temperatures dur-

ng the warmest three months of the year, which can be useful for
xamining how such environmental factors may  affect species sea-
onal distributions. The species, however, started to decline when
he temperature exceeded more than 28 ◦C during the warmest

onth. The maximum temperature of warmest month (BIO 5) is
seful when examining whether species distributions are affected
y warm temperature anomalies throughout the year. Precipita-

ion seasonality (BIO 15) provides a percentage of precipitation
ariability where larger percentages represent greater variability of
recipitation. The results showed that the study species was  able to
olerate higher variability (ranges from 98% to 115%) of rain. Precip-
mm

se of high V (Supplementary Table 3.1).

itation of the coldest quarter (BIO 19) provides total precipitation
during the coldest three months of the year. The study species
showed a higher probability of presence in the winter season when
rainfall ranges between 30 mm to 36 mm (Fig. 3). Precipitation of
the warmest quarter (BIO 18) provides total precipitation during
the warmest three months of the year and the model showed that
this species prefers moderately high amounts of rain in the range
of 800–1200 mm.

The predicted current distribution of M.  sylvatica under current
climatic conditions is shown in Fig. 4. Based on our model, about
4.58% of the study area is ‘highly suitable’ for wild mango habitat,
followed by ‘good potential’ at 6.53% and ‘moderate potential’ at
10.71%, while 78.19% of the area is ‘least suitable’ or ‘unsuitable’
for this species (Table 2). Current suitable habitats for M.  sylvat-
ica were predicted in the north-eastern and south-eastern parts
of Bangladesh (Fig. 3). The concentration of pixels with highly suit-
able, good potential and moderate potential is observed in the CHTs,
Cox’s Bazar, and the Maulvibazar and Habiganj districts when the
current predicted distribution habitat map  is overlaid with the dis-
trict map  of Bangladesh.

According to the results of the MaxEnt modelling, the predicted
future ranges of habitat are likely to be negatively affected by
future climate. The predicted distribution and habitat change of
wild mango in future climate scenarios are shown in Fig. 5 and
Table 2. The maximum expansion (16.05% addition to the current
potential suitable area considering high, good and moderately suit-
able areas) would occur under RCP 4.5 by 2050, whereas the total
loss of habitat was predicted for the year 2070 for RCP 8.5. Most of
the expansion was observed in the CHTs and Cox’s Bazar and in RCP
4.5 during 2050. In RCP 4.5 during 2070, a 7.82% reduction of suit-
able habitat was  observed compared to the present distribution.
However, a decline in habitat was  observed for RCP 8.5 during both
2050 and 2070, and by 2070 the species will be completely lost.
Wild mango habitat will be completely lost from the north-eastern
part of the country under all scenarios.

4. Discussion and conclusion

This study is the first attempt to look into the impact of cli-
mate change on the distribution and range of suitable habitat of a

threatened wild mango species of Bangladesh. The study findings
show that the distribution of the threatened wild mango species
is partly controlled by precipitation-related bioclimatic variables
(Figs. 2 and 3), with the most important explanatory variables being
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Fig. 2. The Jackknife test for evaluating the relative importance of environmental variables.

Table 2
Changes in habitat class of M.  sylvatica under current and future climate scenarios.

Suitability class Area (km2)

Current RCP 4.5 2050 Area change RCP 4.5 2070 Area change RCP 8.5 2050 Area change RCP 8.5 2070 Area change

Least potential 28116 22347 −5769 30929 2813 32603 4487 0 −28116
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Moderate potential 3851 5280 1429 1971 

Good  potential 2347 3584 1237 1637 

High  potential 1646 4749 3103 1423 

ean diurnal temperature, precipitation seasonality, precipitation
f the warmest quarter and precipitation of the driest period. Espe-
ially under the RCP 8.5 scenario, these factors are projected to
how considerable changes, causing large parts of the current dis-
ribution area to become unsuitable by 2050, while the whole study
egion is projected to become unsuitable by 2070. It should be noted
hat RCP 8.5 represents a more extreme scenario. On the other hand,
ainfall patterns are expected to become more erratic in many parts
f the world, while extended dry spells may  become more fre-
uent; factors that we did not include in our models. Recent climate
ata analysis for the period 1961–2010 shows that temperature

s increasing slowly and the total amount of annual precipitation
s increasing along with increasing trends in consecutive dry days
CDD) (Islam et al., 2014). In light of the potential importance of
ainfall patterns for M.  sylvatica, these extreme climate events in
uture may  cause more stress to the existing populations and pre-
ent expansion to areas that would be considered suitable when
onsidering average conditions only.

Given that a number of bioclimatic variables, highly correlated
o currently used variables, were excluded from our analysis, more
nalyses are needed to determine the sensitivity of the species con-
idering more environmental and climatic variables. It is important
o notice that we only employed one GCM and two  RCP scenar-
os. For a more reliable assessment of future changes, we need to
onsider a wider range of GCMs and all four RCP scenarios (RCP
.5, RCP 4.5, RCP 6.0, RCP 8.5) for better understanding of the vul-
erability and sensitivity of the studied species to climate change.

oreover, although our models were based on climate data only,
e were able to capture the observed distribution well, but the need

emains to consider other biophysical factors, such as soil charac-
eristics, land cover and geology (Alamgir et al., 2015), to obtain
−1880 2363 −1488 0 −3851
−710 877 −1470 0 −2347
−223 117 −1529 0 −1646

more reliable and relevant predictions of where the species will be
able to grow in the next decades. Such data with higher resolution
is currently scantily available for Bangladesh. For example, new
global data sets such as the http://soilgrids.org/are being devel-
oped, but currently still have a limited thematic (wide confidence
limits) and spatial accuracy (Hengl et al., 2014). In the case of land
cover data, the land use classification of freely available global-scale
data from http://www.eea.europa.eu/data-and-maps/data/global-
land-cover-250m does not cover the detailed land use of the study
area. However, better resolution satellite images were not analysed
in this study due to funding limitations. Moreover, the addition of
regional/local climate change models may  give considerably more
reliable predictions of climate change effects. However, in light of
the limitations of only one GCM and two  RCP scenarios (RCP 4.5 and
RCP 8.5), and as regional models were not used, our study provides
a preliminary assessment of the effects of climate change on the
species, and is useful to highlight the most vulnerable areas.

The predicted potential distribution of M. sylvatica was largely
in agreement with what we know about the distribution of this
species, with the species’ major habitats to be the forests in the
CHTs, Cox’s Bazar, and the Maulvibazar and Habigang districts. Our
results confirm that future climate changes may result in a major
decline in the potential distribution of this species, especially under
the scenario in which GHG will continue to increase at the current
pace throughout 2100. In contrast, under the stable climate change
scenario (RCP 4.5), the potential distribution of the species may
even show a modest increase in the south-eastern part of our study

area by 2070. Restoration of depleted populations may, therefore,
be an option in these parts of the country if humanity manages to
limit the increase in radiative force to less than 4.5 W/m2.
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Fig. 3. Response curves for th

The future for the species is considerably bleaker in the north-
ast. Our model results suggest that, under both climate change

cenarios, conditions are likely to become unsuitable for the
pecies. Other studies in different locations also show both reduc-
ion, expansion and complete habitat loss due to climate change
dictors of the MaxEnt Model.

(Barrett et al., 2013; Molloy et al., 2013; Dullinger et al., 2012;
Dawson et al., 2011; Loarie et al., 2008; Bakkenes et al., 2002).

M. sylvatica seems to have shifted upwards little, which may have
also caused the local extinction of wild mango from north-eastern
regions under all climate scenarios. These results might be a useful
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ig. 4. Predicted current potential distribution of M. sylvatica under current bioclim
f  the study area. (For interpretation of the references to colour in this figure legend

uide for government and NGOs responsible for the conserva-
ion and management of forest resources. There is still a major
nowledge and research gap about how forests respond to cli-
ate change at local scales and what adaptation strategies can

e taken in such contexts (Kaeslin et al., 2012). Here, Species Dis-
ribution Modelling (SDM) can be a helpful tool that can provide

nformation on the effect of climate change on species’ geographic
istribution and habitat suitability. This information can facilitate
etter management and conservation of those species, especially
onditions. Green colours in map  of Bangladesh on the top left indicate the position
reader is referred to the web  version of this article.)

for threatened and rare species. Protection of threatened species’
habitat is an important step. Here, protected areas can play a
significant role. Apart from declaring protected areas, landscape
connectivity between non-protected areas should also be taken
into account (Hannah et al., 2002). Additionally, the active par-
ticipation of the local, forest-dependent people is fundamental,

especially in developing countries, as successful forest conserva-
tion is not possible without their active participation (Sohel et al.,
2010). To engage the local people in the decision-making process
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rea.  (For interpretation of the references to colour in this figure legend, the reader

f conserving forests, a participatory approach or co-management
ystem should be introduced (Mukul et al., 2012). Apart from this,
stablishing non-timber forest product facilities in buffer zones
round the protected areas will help reduce the pressure on the
rotected areas for forest-based livelihood activities (Mukul et al.,
016). The government of Bangladesh has prioritised the above
entioned issues, so most of the protected areas of Bangladesh

re now under a co-management system. Finally, an awareness
rogramme should also be prioritised to address climate change

ssues and protect the valuable forest resources of Bangladesh for
uture generations (Sohel et al., 2016). From the present study, the
rea identified from the predicted potential current distribution can
e used for the re-introduction of wild mango trees. This will help
estoration of the forest as well as improve the overall conservation
tatus of the species. This pioneer study can act as an early warn-
ng for climate change effects on valuable threatened tree species of
he forest ecosystems of Bangladesh. Taking this into consideration,
onservation managers could start to think of adapting policy that
an reduce the extinction risk of this valuable species. The method
nd approach used in this research can be applied to other for-
st tree species of Bangladesh to see how they respond to climate
hange impact in order to better inform conservation decisions.
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