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1. Introduction

The consequences of the rapid changes in the global
climate are still uncertain "*. Since one of the most
effective factors on distribution of the species is climate
8331 " species respond quickly to climate change ™.
Consequently, changing distribution patterns of species

and/or reduction in species diversity can be expected .

*Corresponding Author:
Sohrab Ashrafi,

Climate change is one of the threats in the recent century, affecting
biodiversity directly and indirectly. Modeling the patterns of species
distribution is one of useful tools for predicting the impacts of climate
change on endangered species. Brown bear (Ursus arctos) plays an
important role as a focal species in mountainous ecosystems. This study was
aims to investigate the effects of future climate changes on the distribution
of this species using an ensemble modeling method in R-software. For this
purpose five algorithms including MAXENT, RF, MARS, GAM, GLM
and BRT were used to predict the distribution of the species in the present
climatic conditions as well as in the 2050s and 2070s. The results showed
that temperature and precipitation were two main factors in the distribution
of brown bears in Iran. Investigating the distribution of the brown bear in
the future showed that suitability of its habitat will decrease in the western
and central parts and increase in the northern parts. So a shift toward higher
altitude will be expected for brown bear in the future. Therefore, in this
condition it is imperative to upgrade the extent of protected areas for better
conservation of brown bear.

In the recent years, prediction of species response
to climate change has attracted much attention from

scientists ™7

. Predicting potential future risks play an
important role in decision-making and can be used as a
powerful tool to prevent the negative effects of climate
change on species *”). Although little evidence has

been provided so far about the recent extinctions due
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to climate change, many studies have suggested habitat
destruction as the major threat to global biodiversity and
can be exacerbated by climate change in the upcoming
few decades Y. Nowadays, the application of species
distribution models (SDMs) has been a growing increase
in numerous studies in ecology, conservation biology
and biogeography ', Among the various applications
of the SDMs, habitat suitability of species along with
the identification of factors affecting their distribution
can be mentioned "'"'”!, Moreover, SDMs can be used for
prediction of changes in species future distribution under
climate change "*'* which plays an important role in the
awareness of managers in order to better planning for the
conservation of rare and endangered species "',

There are various techniques for modeling the species
distribution such as maximum entropy (Maxent) "%,
artificial neural networks (ANNs) *!, multivariate
adaptive regression splines (MARS) "%, random forest
(RF) "7, generalized boosting model (GBM) ¥, the
generalized linear model (GLM) " and support vector
machines (SVMs) “%. However, they are considerably
different in summarizing the relationships between
response and the predictive variables and the projection
either at the time of transferring the species distribution
into different temporal or spatial contexts °'). One of
the newest SDMs techniques is the platform sdm in R.
in which different implementations of the SDMs are
integrated in a framework to eliminate the constraints of
other methods "),

Brown bear as a widespread species is small and often
isolated populations in the Middle East countries such as
Turkey, Iraq and Iran ****, Brown bears live in Iran in the
west of the country through the central Zagros Mountains,
the Caucasus mountains in the north-west of the country,
the Hyrcanian forests on the northern slopes of the Alborz
mountains *. In recent years, the historical range of this
species has declined and they are at risk of local extinction
in Iran due to some reasons such as unplanned hunting
and habitat loss .

Numerous studies have been carried out on brown
bears that often focused on phylogeographic lineage **,
habitat suitability and connectivity ', population genetic
diversity and ecological isolation **. However, little
is known about exact distribution and effect of climate
change on the distribution of brown bear in Iran.

The aim of the present study was to determine the
habitat suitability of brown bear in the present and
predicting the distribution of this species in the future
under the climate change in order to better planning for
conservation of endangered brown bear.

2. Methods and Materials
2.1 Data Collection for Species Occurrence

The occurrence data of species were collected in
three ways: 1) direct observation of species by authors,
documented and georeferenced observations by personnel
of the department of environment (DOE) of Iran and
randomly located camera traps, 2) indirect signs of
species such as fur, footprints and documented human
reports of damages by brown bear and 3) data obtained
from literatures **1. All observations, documents and
signs were recorded by GPS. A total of 216 records were
used for modelling after removing invalid data with high
uncertainty (Figure 1).
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Figure 1. Recorded presence data of brown bears in Iran

2.2 Environmental Data and Effect of Climate
Change on Species Distribution

Climatic data layers for HadGEM2-AO model
two climate change scenarios: optimistic (2050) and
pessimistic (2070) under two future emissions pathways
(RCP 2.6 and RCP 8.5) were used to demonstrate the
effect of climate change on the distribution of brown bears
and predict their future potential distribution .

The above mentioned emissions pathways (RCP 2.6
and RCP 8.5) are described as levels of radiative forcing
in different climate change conditions (between the
preindustrial era and 2100) which are the quantity of
energy entering the atmosphere and the reflected back """,
To compare current and future conditions, 19 bio-climate
variables which were maps with a resolution of 30 second
(~1 km®) and containing world climatic information were
taken from the WorldClim database "?. Then, from the
19 bio-climate maps, Iran’s climate maps were extracted
in the ArcGIS 10.3 software based on the Dem (Digital
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Elevation Model) maps of study area to enhance the
accuracy of outputs %, A principal component analysis
was used in ArcGIS 10.3 to calculate the correlation
between layers. In this way, layers with a correlation
less than 0.7 were selected to avoid collinearity (auto-
correlation) among variables "'**Y. Regarding the habitat
and ecological needs of brown bear, finally, 7 climatic
layers were selected as bio-climate variables that included
annual mean temperature (Biol), temperature seasonality
(Bio4), min temperature of coldest month (Bio6),
temperature annual range (Bio7), annual precipitation
(Biol2), precipitation of wettest month (Biol3),
precipitation of driest month (Biol5).

The total climatically suitable habitats for brown bears
in different climate scenarios (present and future) were
calculated by ArcGIS 10.3. Finally, in order to show
any shift in the distribution of the species under climate
change, the suitable range size of species in the present
and future conditions were compared.

2.3 Ensemble Distribution Modeling

Species distribution modeling was fitted using SDM
package in R ", R as an open source environment
and high-level programming language widely used
for numerous purpose such as graphical visualization,
statistical analysis, mathematical computing, spatial
analysis and modelling *'**. In addition to above
mentioned capabilities, developing specialized and new
techniques and tools through user-created packages,
make R very powerful and distinguishable among other
software ',

SDMTools is a computerized platform in R which
is suitable for processing the output of a set of species
distribution models *"**\. SDM includes solving a wide
range of ambiguities, imperfections and shortcomings in
other methods . Because under different conditions, a
method can be chosen as the superior model which is not
universally applicable to other species, therefore, one of the
possible solutions is the use of Ensemble modeling *'*%
which is suitable for dealing with mistakes and uncertainties
between models “”. In the present study sdm package in R
were applied using several algorithms including MAXENT,
GLM, MARS, BRT, RF, GAM for Ensemble distribution
modeling under different climate scenarios as described by
Naimi and Araujo, (2016) *"'and finally, the performance of
the models were cross validated.

2.4 Data Analysis

Background data (e.g. pseudo-absence points) are
required for all of the used models, hence a randomly

drawn sample of 10,000 background points from Iran
(extent of study area) was generated excepting occurrence
point "**¥ by dismo package in R environment (v. 3.4.3).
All available data were randomly divided into two
different categories before modeling: 75% of occurrence
points as training data and the remaining 25% of data set
as test data were used to model cross-validation °”. One
of the most important methods in the sdm package which
used for analysis in this study is weight method. The
weight method makes an optimal modeling by averaging
the quantitative models used to predict the distribution
of species. Weighting was based on the area under the
curve (AUC) and true skills statistic (TSS). AUC (a
threshold-independent measure) and TSS statistics were
used for estimate accuracy in the models performance.
The AUC curve obtained from the Receiving Operator
Characteristic (ROC) curve which is an effective indicator
of threshold and prevalence for model performance
evaluation '****? In a model that lacks the ability
to detect and predict, the AUC is 0.5 and a very high
predictive and detectable model will have an AUC equal
or close to 1 ®*'. Also the TSS statistic is a good measure
to predict accuracy of presence-only models which
avoids reliance on prevalence or size of validation set .
A range from 0 to 1 is considered for TSS. In this way
the performance of model was considered good in which
values were higher than 0.6 **).

3. Results
3.1 SDMs for Brown Bear

A total of 200 presence points of brown bears were
obtained in this study. Based on the results the highland
areas of Zagros and Alborz mountains were the most
suitable habitats for brown bears (Figure 1).

The success rates of all algorithms used in the
modeling were 100%. So the results are fully acceptable.
Accuracy estimates of models using TSS and AUC
statistics are given in Table 1. The TSS in all models was
higher than the threshold level (i.e. 0.5), indicating high
accuracy of modeling. Given the results the values of the
AUC were higher than 0.7 which states the high accuracy
of modeling.

Table 1. TSS and AUC statistics obtained for accuracy of
modeling in different algorithms.

C ‘ RCP RCP RCP RCP
urren
2.6(2050) 2.6(2070) 8.5(2050) 8.5(2070)
methods
AUC/ AUC/ AUC/ AUC/ AUC/
TSS TSS TSS TSS TSS
0.84/ 0.85/
GLM . . . . . .
0.58 0.85/0.56 0.59 0.86/0.6 0.87/0.63
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RCP RCP RCP RCP
Current
2.6(2050) 2.6(2070) 8.5(2050)  8.5(2070)
methods
AUC/ AUC/ AUC/ AUC/ AUC/
TSS TSS TSS TSS TSS
0.89/ 0.92/
RF . . . . . .
0.65 0.92/0.75 072 091/0.7 0.93/0.75
0.84 0.85/
BRT . . . . . .
061 0.85/0.62 0.59 0.85/0.62 0.85/0.6
0.79 / 0.82/
MARS . . . . . .
0.59 0.81/0.56 0.56 0.84/0.57 0.82/0.56
0.84/
MAXENT 0.54 0.88/0.64 0.87/0.6 0.86/0.58 0.89/0.66
0.84/ 0.86/
GAM . . . . . .
0.57 0.88/0.63 0.61 0.84/0.6 0.87/0.63

3.2 Variable Importance

CV testing suggested that the RF model performed
reasonably well, with average AUC scores of 0.91 and
TSS scores of 0.7. Brown bear species in current climate
condition and under the optimistic scenario (2050) will
primarily affect by temperature variables more than other
variables. Annual mean temperature and temperature
seasonality were two main variables affecting the
distribution of this species under RCP 2.6 in 2050. Other
climatic factors affecting the distribution of brown bear
in the current climate condition was annual precipitation.
Under the optimistic scenario for the year 2070, the most
important factors affecting the distribution of brown bear
were annual precipitation and precipitation of the driest
month, besides the annual mean temperature. In addition,
for the years 2050 and 2070, under the pessimistic

scenario, annual precipitation and also precipitation of
driest month and annual mean temperature were identified
as the main factors affecting the distribution of brown
bear. In contrast, the min temperature of coldest month
had the least effect on the distribution of this species in
Iran (Figure 2).

3.3 Comparison of Different Models

The results of comparison the distribution modeling
of brown bear under different climate change scenarios
are presented in Figure 3. Based on the results of six
modeling methods, it is obvious that some models showed
a wider suitable area than the other models. As an instant,
in all scenarios most and least suitable habitat of brown
bear were observed in prediction maps made by maxent
and MRS models, respectively.

3.4 Ensemble modeling and prediction of climate
change on the distribution of brown bear

Ensemble modeling was implemented to achieve a
more precise model (Figure 4). Based on the results, three
categories of habitats are determined for brown bear:
habitats without any changes in suitability (areas that are
suitable both in the current and in the future), habitats
which lost their suitability (areas that are suitable in the
current but will lose their suitability in the future) and
habitats which will be suitable (areas that are not suitable
in the present but will be suitable in the future).

Area shifts of the species distribution under different
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Figure 2. Importance of bioclimatic variables on the spatial distribution of brown bears in current climate condition and
different climate change scenarios
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climate changes scenarios are given in Table 2. The results
demonstrated that under the optimistic scenarios for the
2050 and 2070, the distribution of this species in areas with
moderate climatic suitability will be increased 24709 and
7661 km’, respectively. However in 2050 and 2070, around
22,745 km®and 27,661 km?, will be added to unsuitable areas
of brown bear distribution respectively. Under the pessimistic
scenario for the 2050 and 2070 the distribution of species
in both moderate and suitable climates will be decreased
especially in the southwestern part of the country. So that
approximately 24305 km’ and 30322 km’ will be added to
unsuitable areas in 2050 and 2070 respectively.

Prediction maps of brown bear distribution showed that
in an optimistic scenario in 2050, suitable habitats of brown
bear in Zagros Mountains will lose their suitability compared
to current distribution. Consequently, they will have little
habitat suitability for brown bear, and this trend is on the rise
by 2070 so that only in the northern part of Iran as well as
Alborz and Caucasus Mountains will have suitable climates.

According to the prediction maps, reduction in habitat
suitability of brown bear were mostly related to western
parts of Iran which are the main habitats of brown bear in
the Zagros Mountains as well as in central parts of Iran.
On the other hand, the climatic suitability of brown bear
were increased under both optimistic and pessimistic
scenarios in some of northwestern parts of Iran including
northern part of West-Azarbaijan, East-Azarbaijan and
Ardebil, and northern parts of the Zanjan province, and
also northern parts of Iran including Gilan, Mazandaran
provinces, and some parts of Golestan and North-
Khorasan province, which indicated that the habitat of
brown bear affected by climate change will be shifted
towards the northern parts of the country.

Table 2. Comparison of distribution area of the species
under different scenarios.

suitable areas /  Moderate suitable ~ Unsuitable areas

KMm? areas / KM* / KM?
Current 1478946 623108 144040
RCP2.6- 1390156 647817 208121
2050
RCP 2.6 -
1449828 630769 1654
2070 7 o7
RCP8.5- 1506291 571458 168345
2050
RCP 8.5 -
5070 1472959 598773 174362

4. Discussion

Understanding the factors affecting the wildlife

activities (for example climate change) plays an important
role in the conservation of endangered species . The
results of six prediction models showed that despite
the high accuracy of models used in the present study,
the results obtained from six prediction models were
comparable. So that the suitable habitat predicted
in maxent models were wider than other models. In
consistent with our results Kafash et al., (2019) '*!
observed approximately different results in predictions
made by four modeling methods. They suggested that
results of GLM and Maxent were most liberal and
conservative, respectively. So we agree with Naimi
and Araujo, (2016) " who suggested that ensemble
distribution modeling used in this study can eliminate
these ambiguities, imperfections and shortcomings in
other methods.

Results of the present study showed that temperature
and precipitation were two main factors affecting the
distribution of brown bear in Iran; on the other hand, the
min temperature of coldest month had the least effect on
the distribution of brown bear in Iran. These results were
similar to the results of Farashi et al., (2018) ** who
suggested that changes in temperature and precipitation
are the most important factors which threaten mammals as
other studies demonstrated “***. According to the results
suitable habitat of brown bear will be decreased under the
climate changes which are in line with the results of Segan
et al., (2016) " who suggested that increasing the average
temperature and reducing precipitation will be major
factors in the habitat loss and fragmentation in the future.
Also the results are consistent with the findings of Ye et
al,, (2018) "* and Dar et al., 2021 “*) who showed that the
threatened mammals will be affected by future climate
changes and will lose much of their suitable habitats. This
seems to be the same trend for many mountainous species
as climate change and global warming are predicted to
have a more prominent effect on mountainous species *”
which stimulate species to migrate to higher altitudes of
the mountains and to become isolated "' and consequently
would have promoted species extinctions through direct
effects on key life-history traits of animals "' and/or
decrease in resource availability .

Bojarska and Selva, (2012) ¥ suggested that climate
conditions especially temperature and snow conditions
can affect the feeding ecology of brown bears. It is
determined that plants are considered as the most portion
of brown bear diet ™. Since climate change can alter the
plant distribution and phenology so it may lead to changes
in food availability and foraging behavior of brown bear
and will cause competition °"***! It is noticeable that
plants can shift their geographic ranges as a response to
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climatic change . So new patterns of plant occupancy/
abundance can affect on animals which rely on plant
availability for both food and shelter *'***"*"). However
it cannot be ignored that it is possible for brown bears to
cope with this food challenge due to climate change as
they have a wide food niche '’

Since brown bear is a hibernator species and adapted
to seasonal climates, so climate change can also affect
breeding of brown bear *”. During the hibernation period,
female brown bears give birth Y, as a consequence they
face a trade-off between reproductions and overwinter
survival . According to the Humphries ez al., (2002) "
during warm winters in which energetic costs of torpor
is increasing it can be expected that energy demands
of hibernating mammals increase. As a result, these
animals will face to lake of suitable amount of energy
for reproduction
energy uptake during the growing season especially by
feeding plant food to increase body fat before den entry
and subsequently to compensate for loss of reproductive
potential /1. Therefore, winter temperature and net
primary productivity can directly affect the reproductive
rate of brown bear and consequently the population
dynamics of the species during the warming period as
suggested by Albrecht et al., (2017) 1.

The results showed that in both optimistic and pessi-
mistic conditions suitable habitats of brown bear in the Za-
gros Mountain as well as central parts of Iran will almost
lose their climate suitability for brown bear. On the other
hand, the level of climate suitability of the brown bear
habitat will increase in both optimistic and pessimistic
scenarios in northern parts of Iran such as several parts of
the Alborz, Caucasus as well as Kopet Dagh Mountains.
So a migration will be expected for brown bear toward the
mentioned climatically suitable habitat. Similarly, Chen
et al., (2011) ' found that one of the factors affecting
the species range shift is temperature and with increasing
level of warming the rates of latitudinal and elevational
shifts will increase. In response to rapid climate changes,
however, some mammals will be unable to move their
ranges quick enough to track shifts in habitats with
suitable climates and most of them may not be able to
keep pace with climate change '**".

In a study on effects of climate change on predictable
food resource and shelter alterations of endangered brown
bear, Penteriani et al., (2019) ® suggested that an increase
in human-bear conflicts and bear mortality rates can be
expected during range shifts of brown bear individuals from
mountainous areas towards more humanized ones. Moreover,
we agree with Penteriani et al., (2019) ®" who pointed out
more negative effects on brown bear including a) reduction of

1 So brown bears must increase

food resources leads to limited fat storage before hibernation;
b) increasing conflicts with cattle farmers by an increase in
tendency to a more carnivorous diet; ¢) increasing road kill
during larger displacements between seasons to find main
food resources; and d) increasing intraspecific competition
with other species which have similar diet. So an appropriate
management measures are quite vital to successful mitigation
of such conflicts and avoid local extinction of species in the
future decades.

5. Conclusions

The present study was the first step in predicting the
brown bear distribution under future climate change in
Iran. The results showed that temperature and precipitation
reduction as the most effective factors in 2050 and 2070
would decrease the distribution range of brown bear and
a shift toward higher latitudes will be expected. Hence,
it is expected that the effectiveness of current existed
protected areas for conservation of brown bear and their
feeding resources/habitats will be reduced to protect this
species in the future. Therefore, in this condition it is vital
to communicate and train target groups for conservation
measures including politicians, decision makers, general
public, local communities, protected area officials and
conservation officers and upgrade the extent of protected
areas along with constant monitoring of endangered
species, affected by climate change as suggested by
Velasquez-Tibata et al., (2013) Y. It is recommended
that protecting brown bear habitats along with protecting
their food resources, minimizing stressor human activities
and creating reserve protected areas can be much more
effective to their conservation.

References

[1] Houghton, J.T., et al., 2001. IPCC Third Assessment
Report: Climate Change 2001 (Cambridge Univ.
Press, Cambridge.

[2] Peterson, A.T., Ortega-Huerta, M.A., Bartley, J.,
Sanchez-Cordero, V., Soberdn, J., Buddemeier, R.H.,
Stockwell, D.R., 2002. Future projections for Mex-
ican faunas under global climate change scenarios.
Nature. 416(6881), 626-9.

[3] Aragjo, M.B., New, M., 2007. Ensemble forecasting
of species distributions. Trends in ecology & evolu-
tion. 22(1), 42-47.

[4] Bellard, C., Bertelsmeier, C., Leadley, P., Thuiller, W.,
Courchamp, F., 2012. Impacts of climate change on
the future of biodiversity. Ecology letters. 15(4), 365-
377.

[5] Kafash, A., Kaboli, M., Koehler, G., Yousefi, M.,



Journal of Zoological Research | Volume 04 | Issue 01 | January 2022

Asadi, A., 2016. Ensemble distribution modeling of
the Mesopotamian spiny-tailed lizard, Saara loricata
(Blanford, 1874), in Iran: an insight into the impact
of climate change. Turkish Journal of Zoology. 40(2),
262-71.

[6] Chapin lii, E.S., Zavaleta, E.S., Eviner, V.T., Naylor,
R.L., Vitousek, P.M., Reynolds, H.L., et al., 2000.
Consequences of changing biodiversity. Nature.
405(6783), 234-42.

[7] Pereira, H.M., Leadley, P.W., Proenca, V., Alkemade,
R., Scharlemann, J.P.W., Fernandez-Manjarres, J.F.,
et al., 2010. Scenarios for global biodiversity in the
21st century. Science. 330, 1496-1501.

[8] Kafash, A., Ashrafi, S., Ohler, A., Schmidt, B.R.,
2019. Environmental predictors for the distribu-
tion of the Caspian green lizard, Lacerta strigata
Eichwald, 1831, along elevational gradients of the
Elburz Mountains in northern Iran. Turkish Journal
of Zoology. 43(1), 106-113.

[9] Thuiller, W., 2007. Biodiversity - climate change and
the ecologist. Nature. 448, 550-552.

[10] Elith, J., Phillips, S.J., Hastie, T., Dudik, M., Chee,
Y.E., Yates, C.J., 2011. A statistical explanation of
MaxEnt for ecologists. Divers Distrib. 17(1), 43-57.

[11] Kafash, A., Kaboli, M., K&hler, G., 2015. Compar-
ison effect of future climatic change on the desert
and mountain dwelling reptiles in Iran (Paralaudakia
caucasia and Saara loricata). Journal of Animal Envi-
ronment. 7(3), 103-108.

[12] Phillips, S.J., Anderson, R.P., Schapire, R.E., 2006.
Maximum entropy modeling of species geographic
distributions. Ecol Model. 190, 231-259.

[13] Yousefi, M., Ahmadi, M., Nourani, E., Rezaei, A.,
Kafash, A., Khani, A., ... Kaboli, M., 2017. Habitat
suitability and impacts of climate change on the dis-
tribution of wintering population of Asian Houbara
Bustard Chlamydotis macqueenii in Iran. Bird Con-
servation International. 27(2), 294-304.

[14] Kafash, A., Malakoutikhah, S., Yousefi, M., Ataei, F.,
Heidari, H., Rastegar-Pouyani, E., 2018. The Gray
Toad-headed Agama, Phrynocephalus scutellatus,
on the Iranian Plateau: The degree of niche overlap
depends on the phylogenetic distance. Zoology in the
Middle East. 64(1), 47-54.

[15] Moisen, G.G., Frescino, T.S., 2002. Comparing five
modeling techniques for predicting forest character-
istics. Ecol Model. 157, 209-225.

[16] Friedman, J., 1991. Multivariate adaptive regression
splines. Ann Stat. 1-67.

[17] Breiman, L., 2001. Random forests. Mach Learn. 45,
5-32.

[18] Ridgeway, G., 1999. The state of boosting. Comput
Sci Stat. 31, 172-181.

[19] McCullagh, P., Nelder, J.A., 1989. Generalized Lin-
ear Models. London, UK: Chapman and Hall.

[20] Guo, Q.H., Kelly, M., Graham, C.H., 2005. Support
vector machines for predicting distribution of sudden
oak death in California. Ecol Model. 182, 75-90.

[21] Naimi, B., Araujo, M.B., 2016. sdm: a reproducible
and extensible R platform for species distribution
modelling. Ecography. 39(4), 368-375.

[22] Ridings, C., 2006. Green bear in the desert. Interna-
tional Bear News. 15(2), 12-13.

[23] Boitani, L., Jdeidi, T., Masseti, M., de Smet, K., Cuz-
in, F., 2008. Ursus arctos. In: TUCN 2008. IUCN Red
List of Threatened Species. Version 2009.1, Available
at: https://doi.org/www.iucnredlist.org (Accessed on
30.06.09).

[24] Ashrafzadeh, M.R., Kaboli, M., Naghavi, M.R.,
2016. Mitochondrial DNA analysis of Iranian brown
bears (Ursus arctos) reveals new phylogeograph-
ic lineage. Mammalian Biology-Zeitschrift fiir
Saugetierkunde. 81(1), 1-9.

[25] Sathyakumar, S., Can, O.E., 2007. News and status
of South Asian brown bear. International Bear News.
16, 6-9.

[26] Ashrafzadeh, M.R., Khosravi, R., Ahmadi, M., Kabo-
li, M., 2018. Landscape heterogeneity and ecological
niche isolation shape the distribution of spatial ge-
netic variation in Iranian brown bears, Ursus arctos
(Carnivora: Ursidae). Mammalian Biology. 93, 64-
75.

[27] Habibzadeh, N., Ashrafzadeh, M.R., 2018. Habitat
suitability and connectivity for an endangered brown
bear population in the Iranian Caucasus. Wildlife Re-
search. 45(7), 602-610.

[28] Ataei, F., Karami, M., Kaboli, M., 2012. Summer
Habitat Suitability Modeling of Brown Bear (Ursus
arctos) Southern Alborz Protected Area. Journal of
Natural Environment. 65(2), 235-45.

[29] Santiz, E.C., Lorenzo, C., Carrillo-Reyes, A., Navar-
rete, D.A., Islebe, G., 2016. Effect of climate change
on the distribution of a critically threatened species.
Therya. 7(1), 147-59.

[30] Schwalm, D., Epps, C.W., Rodhouse, T.J., Monahan,
W.B., Castillo, J.A., Ray, C., Jeffress, M.R., 2016.
Habitat availability and gene flow influence diverging
local population trajectories under scenarios of cli-
mate change: a place-based approach. Glob Change
Biol. 22, 1572-1584.

[31] Penteriani, V., Zarzo-Arias, A., Novo-Fernandez,
A., Bombieri, G., Lopez-Sanchez, C.A., 2019. Re-



Journal of Zoological Research | Volume 04 | Issue 01 | January 2022

sponses of an endangered brown bear population to
climate change based on predictable food resource
and shelter alterations. Global change biology. 25(3),
1133-51.

[32] Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G.,
Jarvis, A., 2005. Very high resolution interpolated
climate surfaces for global land areas. International
Journal of Climatology. 25, 1965-1978.

[33] Chapi, K., Singh, V.P., Shirzadi, A., Shahabi, H., Bui,
D.T., Pham, B.T., Khosravi, K., 2017. A novel hybrid
artificial intelligence approach for flood susceptibility
assessment. Environmental Modelling & Software.
95, 229-245.

[34] Sachser, F., Nopp-Mayr, U., Zohmann, M., Schwei-
ger, A.K., Griinschachner-Berger, V., Immitzer, M.,
2017. Searching the right tie—Expert-based vs. sta-
tistical niche modeling for habitat management at the
alpine treeline ecotone. Ecological engineering. 100,
107-119.

[35] Soetaert, K., Petzoldt, T., Setzer, R.W., 2010. Solving
differential equations in R: package deSolve. Journal
of statistical software. 33, 1-25.

[36] Robinson, C.L., Proudfoot, B., Rooper, C.N., Ber-
tram, D.F., 2021. Comparison of spatial distribution
models to predict subtidal burying habitat of the
forage fish Ammodytes personatus in the Strait of
Georgia, British Columbia, Canada. Aquatic Conser-
vation: Marine and Freshwater Ecosystems. 31(10),
2855-28609.

[37] Portfirio, L.L., Harris, R.M., Lefroy, E.C., Hugh, S.,
Gould, S.F,, Lee, G., ... Mackey, B., 2014. Improving
the use of species distribution models in conservation
planning and management under climate change.
PLoS One. 9(11), e113749.

[38] Freeman, E.A., Moisen, G.G., 2008. A comparison of
the performance of threshold criteria for binary clas-
sification in terms of predicted prevalence and kappa.
Ecological modelling. 217(1-2), 48-58.

[39] Ahmadi, M., Nezami Balouchi, B., Jowkar, H.,
Hemami, M.R., Fadakar, D., Malakoutil | Khah, S.,
Ostrowski, S., 2017. Combining landscape suitability
and habitat connectivity to conserve the last surviv-
ing population of cheetah in Asia. Diversity and Dis-
tributions. 23(6), 592-603.

[40] Fourcade, Y., Engler, J.O., Besnard, A.G., Rdder,
D., Secondi, J., 2013. Confronting expert-based and
modelled distributions for species with uncertain
conservation status: a case study from the corncrake
(Crex crex). Biol Conserv. 167, 161-171.

[41] Fielding, A.H., Bell, J.F., 1997. A review of methods
for the assessment of prediction errors in conserva-

10

tion presence/absence models. Environ Conserv. 24,
38-49.

[42] Ye, X., Yu, X., Yu, C., Tayibazhaer, A., Xu, F., Skid-
more, A.K., Wang, T., 2018. Impacts of future cli-
mate and land cover changes on threatened mammals
in the semi-arid Chinese Altai Mountains. Science of
the total environment. 612, 775-787.

[43] McLellan, M.L., McLellan, B.N., 2015. Effect of
season and high ambient temperature on activity lev-
els and patterns of grizzly bears (Ursus arctos). PloS
one. 10(2), e0117734.

[44] Farashi, A., Erfani, M., 2018. Modeling of habitat
suitability of Asiatic black bear (Ursus thibetanus
gedrosianus) in Iran in future. Acta Ecologica Sinica.
38(1), 9-14.

[45] Levinsky, I., Skov, F., Svenning, J.C., Rahbek, C.,
2007. Potential impacts of climate change on the dis-
tributions and diversity patterns of European mam-
mals. Biodiversity and Conservation. 16(13), 3803-
3816.

[46] Waltari, E., Guralnick, R.P., 2009. Ecological niche
modelling of montane mammals in the Great Basin,
North America: examining past and present connec-
tivity of species across basins and ranges. Journal of
Biogeography. 36(1), 148-161.

[47] Segan, D.B., Murray, K.A., Watson, J.E., 2016. A
global assessment of current and future biodiversity
vulnerability to habitat loss-climate change interac-
tions. Global Ecology and Conservation. 5, 12-21.

[48] Dar, S.A., Singh, S.K., Wan, H.Y., Kumar, V., Cush-
man, S.A., Sathyakumar, S., 2021. Projected climate
change threatens Himalayan brown bear habitat more
than human land use. Animal Conservation.

[49] Pauli, H., Gottfried, M., Dullinger, S., Abdaladze, O.,
Akhalkatsi, M., Alonso, J.L.B., Coldea, G.J., Dick,
R., Kanka, G., Kazakis, J., Kollar, P., Larsson, P.,
Moiseev, D., Moiseev, U., Molau, J., M. Mesa, L.,
Nagy, G., Pelino, M., Puscas, G., Rossi, A., Stanisci,
A.O., Theurillat, M., Tomaselli, P., Unterluggauer, L.,
Villar, A., Vittoz, P., Grabherr G., 2012. Recent plant
diversity changes on Europe’s mountain summits.
Science. 336, 353-355.

[50] Humphries, M.M., Thomas, D.W., Speakman, J.R.,
2002. Climate-mediated energetic constraints on the
distribution of hibernating mammals. Nature. 418,
313-316.

[51] Davidson, A.D., Hamilton, M.J., Boyer, A.G.,
Brown, J.H., Ceballos, G., 2009. Multiple ecologi-
cal pathways to extinction in mammals. Proc. Natl.
Acad. Sci. USA. 106, 10702-10705.

[52] Koch, P.L., Barnosky, A.D., 2006. Late Quaternary



Journal of Zoological Research | Volume 04 | Issue 01 | January 2022

Extinctions: State of the Debate. Annu. Rev. Ecol.
Evol. Syst. 37, 215-250.

[53] Bojarska, K., Selva, N., 2012. Spatial patterns in
brown bear Ursus arctos diet: the role of geograph-
ical and environmental factors. Mammal Review.
42(2), 120-143.

[54] Tulgat, R., 1995. Gobi Bear (Ursus gobiensis
Sokolov et Orlov, 1992) distribution status and hab-
itat past and present. In Proceedings of a conference
on Environmental Condition and Biological Re-
sources in Great Gobi Strictly Protected Area, Ulaan
Baatar. pp. 110-112.

[55] Qin, A., Jin, K., Batsaikhan, M.E., Nyamjav, J., Li, G.,
Li, J., ... Xiao, W., 2020. Predicting the current and
future suitable habitats of the main dietary plants of
the Gobi Bear using MaxEnt modeling. Global Ecol-
ogy and Conservation. 22, e01032.

[56] GP, M., J, A.K., 2015. Ecological impacts of climate
change. Amsterdam, the Netherlands: Elsevier Inc.
pp. 397-426.

[57] Shen, G., Pimm, S.L., Feng, C., Ren, G., Liu, Y., Xu,
W., ... Xie, Z., 2015. Climate change challenges the
current conservation strategy for the giant panda. Bi-
ological Conservation. 190, 43-50.

[58] Zang, Z., Shen, G., Ren, G., Wang, C., Feng, C., Xu,
W., ... Li, J., 2017. Thermal habitat of giant panda
has shrunk by climate warming over the past half

century. Biological Conservation. 211, 125-133.

[59] Cianfrani, C., Broennimann, O., Loy, A., Guisan, A.,
2018. More than range exposure: Global otter vulner-
ability to climate change. Biological Conservation.
221, 103-113.

[60] Coogan, S.C., Raubenheimer, D., Stenhouse, G.B.,
Coops, N.C., Nielsen, S.E., 2018. Functional macro-
nutritional generalism in a large omnivore, the brown
bear. Ecology and evolution. 8(4), 2365-2376.

[61] Robbins, C.T., Ben-David, M., Fortin, J.K., Nelson,
O.L., 2012. Maternal condition determines birth date
and growth of newborn bear cubs. J. Mammal. 93,
540-546.

[62] Albrecht, J., Barton, K.A., Selva, N., Sommer, R.S.,
Swenson, J.E., Bischof, R., 2017. Humans and
climate change drove the Holocene decline of the
brown bear. Scientific reports. 7(1), 10399.

[63] Schloss, C.A., Nunez, T.A., Lawler, J.J., 2012. Dis-
persal will limit ability of mammals to track climate
change in the Western Hemisphere. Proceedings of
the National Academy of Sciences. 109(22), 8606-
8611.

[64] Velasquez-Tibata, J., Salaman, P., Graham, C.H.,
2013. Effects of climate change on species distribu-
tion, community structure, and conservation of birds
in protected areas in Colombia. Regional Environ-
mental Change. 13(2), 235-248.

11



