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A B S T R A C T   

Climate change is predicted to directly or indirectly affect species distribution and abundance, especially the 
species that live on the Qinghai-Tibet plateau that is highly sensitive to climate change. The Przewalski’s gazelle 
(Procapra przewalskii), the Goitered gazelle (Gazella subgutturosa), the Tibetan gazelle (Procapra picticaudata) and 
the Tibetan antelope (Pantholops hodgsonii) are the only four existing antelopes living on the plateau. They play 
indispensable roles in regulating the structure and function of the plateau ecosystem. To understand how climate 
change affects the spatial distribution and migration direction of these ungulates, we applied the maximum 
entropy (MaxEnt) model and used 82, 57, 397 and 324 GPS points of Przewalski’s gazelle, Goitered gazelle, 
Tibetan gazelle and Tibetan antelope, respectively. These points were mainly obtained through the survey of the 
line transect method and a small part from the database, and then we combined with the related environmental 
variables, and afterwards evaluated to predict the habitat change and shift of species geographic range under 
three climate scenarios in the 2050s and 2070s. Additionally, the potential migration paths in the future were 
simulated by the Minimal Cumulative Resistance (MCR) model. The results showed that climate change would 
cause habitat loss for all four species. The Tibetan antelope was predicted to lose over 50% of its current 
inhabited area under the most severe climate scenario. Also, the suitable habitat of all species would shift to 
higher latitudes. In particular, the Przewalski’s gazelle as an endangered species that occupies narrow habitat 
area would face more severe challenges in the future. Therefore, all suitable habitats should be considered as 
important protection areas, and our results also provide a reference for designing the optimal migration corridors 
for the investigated species.   

1. Introduction 

The distribution of organisms and their ecosystems are affected by 
climate change (Parmesan and Yohe, 2003; Root et al., 2003). In fact, 
climate change has influenced the distribution patterns of a large 
number of species and even led to the extinction of certain species 
(Walther et al., 2002; Sinervo et al., 2010). At present, climate change 
induced degradation or loss of habitats resulted in range shift of species, 
which seem to be the response to a generally warming trend (Parmesan, 

2006; Bateman et al., 2016). For example, a series of exceptionally warm 
weathers in the 20th century has driven tree lines to move higher and 
northward in Sweden and Russia (Meshinev et al., 2000; Kullman, 2001; 
Moiseev and Shiyatov, 2003). In a sample of 35 non-migratory European 
butterflies, 63% of butterflies ranges have shifted from 35 to 240 km to 
the north during the last century (Parmesan et al., 1999). In a meta- 
analysis of terrestrial species distributions in response to climate change, 
it was estimated that the species moved to higher elevations at a rate of 
11 m per decade, and to higher latitudes at a rate of 16.9 km per decade 
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(Chen et al., 2011). 
In general, species in the polar regions and in high-altitude ecosys

tems would be more vulnerable to global warming due to limited space 
or geographical barriers for an effective migration (Harris and Pimm, 
2008). This is especially true for species with limited distribution range 
or with high sensitivity to changing conditions. According to the Inter
governmental Panel on Climate Change (IPCC) AR5 report, it was esti
mated that global temperature will continue to rise from 0.3 ◦C to 4 ◦C 
(Stocker, 2014). Furthermore, it was predicted that this situation will 
increase the risk of species extinction (Davis and Shaw, 2001). 

A large number of studies showed that land use changes due to land 
conversion represent another important threat to species survival 
(Wilcove et al., 1998; Pimm and Raven, 2000). Land use changes around 
the world are driven by numerous human or natural factors (Verstegen 
et al., 2019) such as overexploitation of natural resources that represent 
a threat to species (Di Marco et al., 2018). In addition, climate change 
and global warming could directly influence the permafrost and vege
tation cover, which in turn would affect the biomass and phenology of 
the sensitive plateau ecosystems (Harte and Shaw, 1995; Klein et al., 
2004). Therefore, it is necessary to consider climate change and land use 
change when assessing and predicting future species distributions. 

The Qinghai-Tibet Plateau, known as the “Third Pole” of the world, is 
an important part of the global terrestrial ecosystem. The climate fluc
tuations in this region are more extensive than in other regions of the 
Northern hemisphere, thus demonstrating its high sensitivity to climate 
change (Lin and Zhao, 1996; Yao et al., 2000; Piao et al., 2006). Studies 
provided increasing evidence that show how the Qinghai-Tibet Plateau 
is already experiencing climate change effects (Thompson et al., 1993; 
Wang and French, 1994). It is also expected that its land use dynamics 
will change due to changing climate (Walker et al., 2001). Because of the 
geographical and ecological characteristics of the Qinghai-Tibet Plateau, 
the species living in this region are adapted to low temperature, low 
oxygen level, high UV radiation and limited production (Xu et al., 2005; 
Wang et al., 2016). The Przewalski’s gazelle (Procapra przewalskii), the 
Goitered gazelle (Gazella subgutturosa), the Tibetan antelope (Pantholops 
hodgsonii) and the Tibetan gazelle (Procapra picticaudata) are the only 
four existing antelopes in the Qinghai-Tibet Plateau. The Przewalski’s 
gazelle is among the most endangered wildlife in the world. It is only 
found in the surrounding area of the Qinghai lake in China and has a 
population of less than 3000 (Lei et al., 2001; Yu et al., 2017). The 
Goitered gazelle represents a typical specie of desert ecosystem (Kings
wood and Blank, 1996), and its population stability is important for the 
balance and stability of the ecosystem. In addition, the Tibetan antelope 
and the Tibetan gazelle are the ungulates that are endemic to the 
Qinghai-Tibet plateau. The Tibetan antelope represents a key sensitive 
species in the alpine and desert ecosystem of the plateau, while the Ti
betan gazelle is widely distributed and abundant in the region (Leslie 
and Schaller, 2008; Leslie, 2010). Both species have important roles in 
maintaining the stability of the ecosystem and preserving the species 
diversity in the region. By considering the climate sensitivity of this 
unique habitat and the adaptation possibilities of these four species, it 
can be assumed that any changes in the environment would likely affect 
species survival. 

We assume that climate change will affect the distribution of the four 
antelopes on the Qinghai-Tibet plateau, and accordingly it is important 
to find the solutions on how to better protect these species from the 
expected strong impacts of climate change. In this regard, improving 
landscape connectivity or building corridors for species migration are 
the most popular suggestions for climate change adaptation (Heller and 
Zavaleta, 2009). Landscape connectivity is critical for the viability of 
species and for the conservation of biodiversity (Beier and Noss, 1998; 
Crooks and Sanjayan, 2006). By maintaining the landscape connectivity, 
it is possible to help species to better and more quickly adapt to changes 
in environmental conditions, thus alleviating the pressures caused by 
climate change (Opdam and Wascher, 2004). Therefore, we applied the 
MaxEnt model and MCR model to construct the path and corridor from 

the distribution space (under the current climate scenario) to the sur
vival space (under the climate change scenario). 

This study aims to: 1) predict the distribution of four existing ante
lopes on the Tibetan plateau under current and future climate change; 2) 
compare habitat changes in different periods and understand the impact 
of climate change on the antelopes; and 3) provide a scientific basis for 
the dispersal paths of antelopes. 

2. Materials and methods 

2.1. Occurrence data and processing 

The distribution data of the four antelopes in the Qinghai-Tibet 
Plateau were mainly obtained from the large-scale terrestrial wildlife 
surveys done in the Qinghai Province from 2014 to 2018 and Global 
Biodiversity Information Facility (GBIF) (https://www.gbif.org/). To 
avoid spatial autocorrelation due to close points of species, we removed 
the points that are less than 1 km apart and used the remaining points in 
the study. Finally, we obtained 82 distribution points for the Prze
walski’s gazelle, 57 points for the Goitered gazelle, 397 points for the 
Tibetan gazelle, and 324 points for the Tibetan antelope (Fig. 1). 

2.2. Environment variables 

We have initially selected 21 environmental variables that might 
affect the distribution of four species. The data used for climate assess
ment was obtained from the WorldClim database (http://www.worldcl 
im.org). Other 19 bioclimatic variables (at 1 km resolution) that reflect 
temperature and precipitation under the current climatic conditions 
(average for the period 1970–2000) were used as current climate data. 
For future climate variables, we used the climate data from 2050s and 
2070s. 

BCC-CSM1-1 was used as the climate model, as it represents one of 
the most common models for simulating climate change in China (Zhang 
et al., 2018). Three representative concentration pathway scenarios 
(RCP 2.6, RCP 4.5 and RCP 8.5) developed by the IPCC (Pachauri et al., 
2014) were used in the study. The RCP 2.6 was used as the minimum 
emission scenario, RCP 4.5 as the medium emission scenario, and RCP 
8.5 as the maximum emission scenario. 

Elevation and land use were also considered in the study. Elevation 
data was derived from the ASTER DEM V2 digital elevation model at 30 
m resolution (http://www.gscloud.cn/) and this variable remained un
changed for the present and the future scenarios. The current and future 
land use data were obtained from the global land use dataset 
(2010–2100) at 1 km resolution (http://data.ess.tsinghua.edu.cn/data 
/Simulation/), which provides the most current and finest-scale future 
LULC dynamics from 2010 to 2100 (Li et al., 2016). We used the land use 
data in 2010 to assess the current species distribution and also selected 
the land use data under the same RCP scenarios (i.e. RCP 2.6, RCP 4.5, 
and RCP 8.5) to predict future distributions. 

All layers of environmental variables were resampled to 1 km reso
lution by ArcGIS 10.2. To avoid the strong correlation among multiple 
variables that can cause multicollinearity, we screened the correlation of 
21 environmental variables and eliminated the variables in each pair 
that had a Pearson correlation value ≥0.8 (Désamoré et al., 2012; 
Harrington et al., 2018), while the remaining variables were incorpo
rated into the model (Table S1, Table S2). 

2.3. Habitat distribution modeling 

MaxEnt model was used to predict the habitat distribution of the four 
species, as it is superior in predicting performance and stability when 
compared to other similar niche models (Elith et al., 2006; Wisz et al., 
2008). MaxEnt model can produce output of higher quality if the model 
parameters are optimized or adjusted, instead of using the default 
setting (Anderson and Gonzalez, 2011; Warren and Seifert, 2011). The 
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response curve was adjusted by combining the different parameters and 
by assessing the accuracy of the model with the corrected Akaike in
formation criterion (AICc) values calculated under different parameters 
in ENMTools1.4.3. Because the sample size can be ignored, we used AICc 
instead of AIC generally (Burnham and Anderson, 2004; Song et al., 
2017). Priority was given to the parameters with smooth response curve 
that is characterized by small AICc values (Muscarella et al., 2014; 
Moreno-Amat et al., 2015). Finally, 75% of the species distribution 
points were selected as training values, while the remaining 25% were 
used as test values. 

The area under the receiver operating characteristic curve (ROC) was 
used to evaluate model performance (Phillips et al., 2006). The area 
under the curve (AUC) values ranged from 0 to 1, and the model accu
racy can be judged as excellent if the AUC value is between 0.9 and 1, 
good if between 0.8 and 0.9, fair if it is between 0.7 and 0.8, poor if it is 
between 0.6 and 0.7, and failed if the AUC values are between 0.5 and 
0.6 (Swets, 1988; Liao et al., 2017). The suitability maps were generated 
by applying the logistic output of MaxEnt, and the obtained logical 
habitat suitability index was the lowest at “0” and the highest at “1”. The 
logistic threshold applied to cut-off the models and for converting the 
continuous probability model in a binary model (0 = unsuitable, 1 =
suitable) assumed the maximum test sensitivity plus specificity (Bean 
et al., 2012; Jorge et al., 2013). 

2.4. Assessment of distribution change and migration path 

We also assessed the current and future species distribution areas and 
calculated the suitable habitat change rates. Stable, vulnerable and 
expansion area, as well as proportions of the four species were deter
mined by applying the method of layer superposition in ArcGIS. ArcGIS 

was also utilized to find the central point of the suitable habitat of four 
species in each period, and we also used the MCR to describe their range 
shifts and migration paths. MCR is widely used in the planning of 
ecological corridor (Ersoy et al., 2019; Ma et al., 2020) with the formula 
as follows: 

MCR = fmin
∑i=m

j=n
Dij × Ri 

MCR represents the minimum cumulative resistance; f is a monotonic 
increasing function that indicates the positive correlation between the 
minimum cumulative resistance and the ecological process; Dij repre
sents the distance from source j to landscape unit i; and Ri represents the 
resistance coefficient of landscape unit i to species movement. This 
model requires data of source (origin) and sink (destination). Our 
research used the current habitat center as the source and the future 
habitat center as the sink under various climate scenarios. Another part 
of the data represents the construction of resistance surface that reflects 
the difficulty of species migration in the landscape. The resistance sur
face was obtained by transforming the habitat suitability index into a 
negative exponential transformation function (Keeley et al., 2016; Dai 
et al., 2019) by following: 

HSI⩾threshold, resistance = 1 (1)  

HSI < threshold, resistance = e
ln(0.001)
threshold×HSI × 1000 (2) 

Finally, we combined data for resistance surface, source, and sink, 
and constructed the migration path of species through the cost path tool 
of ArcGIS. 

Fig. 1. Distribution points of four antelopes in the Qinghai-Tibet Plateau.  
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3. Results 

3.1. Model performance and important environmental variables 

Compared with the AICc values and the smoothness of response 
curves under different combined parameters, the optimal feature com
bination (FC) was selected for the Przewalski’s gazelle, the Goitered 
gazelle and the Tibetan antelope with all combinations of linear, 
quadratic and product equations. The regularization multiplier (RM) of 
the Przewalski’s gazelle and the Goitered gazelle was 1, while it was 2 
for the Tibetan antelope. The optimal FC of the Tibetan gazelle was a 
combination of linear and quadratic trends with an optimal RM of 1. 
Results of model prediction showed that the average AUC values of the 
four antelopes were 0.995 ± 0.001, 0.983 ± 0.01, 0.965 ± 0.004, and 
0.969 ± 0.005, respectively (Table S4, Fig.S1). The predicted model 
results for each species were highly informative and could be used for 
further research since the AUC value of each species exceeded 0.9. 

Elevation was determined as a common and important factor 
affecting species distribution according to the corresponding curves of 
the four species. In addition, the extreme or limiting environmental 
factors (i.e. bio6, bio8 and bio11), and biological variables representing 
seasonal precipitation (bio18) and seasonal changes in temperature 
(bio4) were determined as important factors for the future distribution 
of species (Fig.S2). 

3.2. Current distribution of antelopes 

Our results showed that the suitable habitat of the Przewalski’s ga
zelle was extremely small in the Qinghai-Tibet Plateau (3.6% of the total 
area), and was mainly concentrated in the northeastern part of the 

plateau only. In contrast, the Goitered gazelle was mainly distributed in 
the northern part of the Qinghai-Tibet Plateau and accounted for 12.7% 
of the total area. The Tibetan gazelle had the widest distribution and 
occupied 37.1% of the Plateau. The Tibetan antelope was mainly 
distributed in the central and northern regions having 22.2% suitable 
habitat in the Qinghai Tibet Plateau (Fig. 2, Table S3). 

3.3. Prediction of future distribution of antelopes under various climate 
scenarios 

We calculated the habitat change rates of the four species, and 
compared the area of habitat increase (gain), decrease (loss) and sta
bility (unchanged) under different concentrations and years. The results 
showed that suitable habitats for the four antelope species had a 
decreasing trend with the predicted warming of the climate in the 
future. Among them, predicted loss of suitable habitats for the Prze
walski’s gazelle ranged from 16.3% to 24.9%, while predicted loss of 
suitable habitats for the Goitered gazelle ranged from 0.3% to 35.2%. 
The loss of suitable habitat for the Tibetan gazelle ranged from 2.2% to 
36.3%, while the loss of suitable habitat for the Tibetan antelope ranged 
from 24.5% to 53.2% (Table S5). The suitable habitats of the four species 
would be especially reduced under RCP 8.5 (worst case scenario). The 
potential expanded habitats can be regarded as a new refuge for the 
species, yet our results showed that these newly expanded habitat areas 
were small when compared to the predicted loss. (Fig. 3, Fig.S3). 

3.4. Species range shift under climate change 

We calculated range of high latitude migration of the suitable habi
tats. The migration ranges of the Przewalski’s gazelle, the Goitered 

Fig. 2. Current distribution maps of the Przewalski’s gazelle (A), the Goitered gazelle (B), the Tibetan gazelle (C) and the Tibetan antelope (D).  
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gazelle, the Tibetan gazelle and the Tibetan antelope were 24–118 km, 
297–356 km, 22–112 km and 85–257 km, respectively. Furthermore, the 
average distance was 61 km, 332 km, 55 km and 184 km, respectively. 
According to the analysis of the MCR model results, it can be noticed that 
the minimum migration path of the Przewalski’s gazelle, the Goitered 
gazelle, the Tibetan gazelle and the Tibetan antelope ranged from 54 to 

1057 km, from 1142 to 1355 km, from 127 to 451 km, and from 360 to 
538 km, respectively. In addition, the average minimum distance was 
318 km, 1235 km, 295 km and 456 km, respectively (Fig. 4, Table S6). 

According to the above-mentioned results, the Goitered gazelle 
would be the furthest migrating species under climate change, while the 
Tibetan gazelle would be the closest migrating species under climate 

Fig. 3. The area of unchanged, lost and acquired habitats under different future climate scenarios for the Przewalski’s gazelle (A), the Goitered gazelle (B), the 
Tibetan gazelle (C) and the Tibetan antelope (D). 
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change. In addition, the suitable habitats of the Goitered gazelle, the 
Tibetan gazelle and the Tibetan antelope were predicted to migrate to 
the northeast. For the Przewalski’s gazelle was predicted to migrate 
northwest and northeast. In general, predicted distribution of suitable 
habitats for all species will be in higher latitudes in the future. 

4. Discussion 

Environmental factors determine the survival, reproduction and 
distribution of organisms, and accordingly organisms are trying to adapt 
to the environment in which they live. For species living on the Qinghai- 
Tibet Plateau, two important environmental variables are changeable 
climate and high altitude. In previous studies, climate has often been 
regarded as important factor in determining the range of species 
(Pearson and Dawson, 2003; Virkkala et al., 2005). This is due to the 
climate factors (e.g. precipitation and temperature) that directly affect 
the physiology tolerance and behavior of organisms, and also indirectly 
affect the resource supply that influences the growth of vegetation 
(Fuller et al., 2016). Elevation represents another significant factor that 
can constrain the distribution of high-altitude species as it determines 
food resources that are related to factors such as temperature, precipi
tation, and radiation. Furthermore, land use can restrict the distribution 
of species due to their occupation patterns on the landscape scale (Cord 
et al., 2014). Therefore, the environmental variables of bioclimate, 
topography and land use were selected to simulate the species distri
bution range and pattern in current climate and in the changed climate 
of the future. 

Analyses of environmental variables showed that elevation was one 
of the most important factors that limited the distribution of all inves
tigated species. The four antelope species live on different elevations and 
their habitats have different ecological characteristics. Among them, the 
Przewalski’s gazelle and the Goitered gazelle live on relatively lower 
elevation. The Przewalski’s gazelle is mainly distributed in the range of 
3000–3500 m. The Goitered gazelle lives on the elevations between 
2700 m and 3500 m. The Tibetan antelope and the Tibetan gazelle live 
on elevations between 4000 m and 5000 m, where ambient temperature 
is lower and these species are more tolerant to low temperatures. In 
addition, the vegetation types change on different elevations. The 
habitat of the Przewalski’s gazelle is mainly covered with alpine steppes 
(temperate grassland), while the Goitered gazelle is distributed in the 
alpine desert of Chai Damu. The Tibetan antelopes and the Tibetan 

gazelle are distributed in alpine steppes and meadows at higher altitude 
(Han et al., 2016), which indicates that the adaptive diets and food 
preferences of these species are quite different. 

In addition to elevation, the results showed that climatic factors are 
another major factor that influences species distribution. The minimum 
temperature of coldest month, mean temperature of wettest quarter and 
mean temperature of coldest quarter (bio6, bio8 and bio11) are three 
extreme or limiting environmental factors, which are recognized as the 
main climate variables affecting the Przewalski’s gazelle, the Tibetan 
gazelle and the Tibetan antelope. In general, the wettest season co
incides with the breeding season of antelope on the plateau. Therefore, 
the temperature changes in this season would influence the reproduc
tion of herbivores by affecting the plant phenology, vegetation yield, 
and by changing the distribution of vegetation on the Plateau. Evidence 
showed that the primary productivity of the Tibetan Plateau increases 
with a slight increase in temperature and precipitation (Melillo et al., 
1993), which would stimulate production of food resources for the an
telopes. Furthermore, the seasonal reproduction of mammals has been 
found to be seriously affected by climate change, and this is reflected by 
the significant periodic mismatch between their reproductive peaks and 
the abundance of food resource, which can result in a sharp decline in 
the production of newborn babies (Parmesan, 2007; Bronson, 2009). 
Both the minimum temperature of the coldest month and the mean 
temperature of the coldest quarter represent two extreme or restrictive 
climatic variables that can reflect the low temperature boundaries that 
species can withstand. Furthermore, these temperatures can limit the 
species distribution. The decrease of temperature seasonality (bio4) in 
the future is also a reflection of the temperature rise. The projected in
crease in temperature affects vegetation resources, and the physiology 
and behavior of wildlife. For example, significant temperature increase 
will likely induce heat stress and affect vital rates of species that are 
adapted to the alpine region (Hansen, 2009). Also, rising temperatures 
may limit the distribution of species by limiting the available time for 
vital activities such as foraging or by limiting the time necessary to find 
mating partner (Conley and Porter, 1986; Sinervo et al., 2010). 
Compared with other three species, the distribution of Goitered gazelle 
was strongly affected by precipitation in the warmest quarter. For the 
species that mainly inhabits extremely arid desert regions, the precipi
tation increase may have a positive impact on the local vegetation yield 
(Qin et al., 2020). Nevertheless, the combined changes in temperature 
and precipitation have a wide and long-term continuous effect on the 

Fig. 4. The migration path of the Przewalski’s gazelle (A), the Goitered gazelle (B), the Tibetan gazelle (C) and the Tibetan antelope (D) from the current climate 
scenario to the future. Different colors represent different species, triangle sign represents the center point of suitable habitats for each species in the current climate 
scenario, and the dots sign represent the center point of suitable habitats in future climate scenarios. 
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environment (Mann et al., 1998), and accordingly the distribution range 
of local species would inevitably shift due to environmental changes. 
Considered together, changes in temperature and precipitation affect 
the distribution of species by changing their food abundance, physio
logical water tolerance, reproduction and behavior. 

We used land use data that is synchronized with the future climate in 
order to assess the current and future distribution ranges of species. The 
results showed that the contribution rate of land use in assessing the 
current and future species distribution was relatively low, thus indi
cating that climate and topographic factors are more important than 
land use in determining species distribution. Although the impact of 
land use was not significant in our study, increased human activities and 
overgrazing could represent threats that should be considered as they 
could result in grassland degradation and reduction of available re
sources in the future (Zhang et al., 2015). 

Although the suitable habitat of the Tibetan gazelle in the plateau 
was larger than other three antelopes, the fragmentation degree of its 
suitable habitat seemed to be much higher than others. This is especially 
evident in the western part of the plateau. Species with high degree of 
habitat fragmentation are likely to face the risk of reduced gene flow 
(Keller and Largiadèr, 2003; Dixo et al., 2009), which may aggravate the 
negative impact on species in addition to the effects of global climate 
change (Didham et al., 2007; Krosby et al., 2010). The high sensitivity 
and vulnerability of the Qinghai-Tibet plateau to climate change have 
determined that the wildlife in the region will face greater threats of 
climate change. 

Driven by climate change, species often acquire new habitats by 
changing their range of distribution (migration) (Visser et al., 2009; 
Chen et al., 2011; Fordham et al., 2012). By comparing the shifts of 
central points in the range of suitable habitats under current and future 
climate change, it was noticed that the distribution of the four species 
have changed significantly. The basic trend of habitat migration of the 
four antelopes northward was recognized. The habitat distance of the 
Goitered gazelle was more than 350 km in the latitude direction. The 
migration to the higher latitudes is likely to be the response of species to 
future high temperatures and land use changes (Davis and Shaw, 2001; 
VanDerWal et al., 2013). Additionally, competition between species 
could be additional factor affecting shifts in species habitat range. 
Although the four antelopes are capable of rapid migration, climate 
change may lead to changes in the habitat of a large number of other 
herbivores on the Qinghai-Tibet Plateau. Due to that, species with 
similar ecological habits are likely to compete for resources such as 
habitat or food. Evidence showed that warming of climate will likely 
change the composition of vegetation communities and cause a decline 
in plant diversity in high-altitude ecosystems (Zhang et al., 2017). 
Stronger vegetation reduction due to further warming (Klein et al., 
2004) will inevitably increase competition among species. Therefore, 
both climate and species interactions may influence the changes in 
suitable habitats of four antelopes or influence them to retreat to smaller 
areas. 

Our results showed that the suitable habitat of four antelopes had 
decreased and that the distribution range would shift due to climate 
change. This situation is more dangerous to species that have low 
migration potential to move to high altitudes or high latitudes. There
fore, we believe that establishing low-cost corridors between the current 
and future habitats could have multiple benefits, such as the reduction of 
migration barriers, provision of the best route for successful migration, 
and smaller the pressures of habitat losses due to climate change (Fall 
et al., 2007; Hodgson et al., 2009; Koen et al., 2014). 

The results from this study suggest that suitable habitats under 
climate change should be regarded as key protected areas and prevent 
the increase in human disturbances in these areas in the future. Addi
tionally, a number of studies should be carried out that are related to 
population survey, population monitoring, early warning and risk 
assessment. Since the monitoring of population can grasp the true 
migration and distribution of species, this would provide effective 

information for real-time understanding of the dynamics of the four 
antelopes. Furthermore, research should be carried out on the utilization 
and carrying capacity of grassland by large wild herbivorous and co- 
distributed livestock in order to provide the support for the protection 
of wildlife resources and for the stability of the ecosystem on the 
Qinghai-Tibet plateau. Moreover, our research can provide a reference 
for the migration of species between current and future habitats. 
Nevertheless, we need to increase the barrier effect of the fence to 
comprehensively consider the construction of migration corridors in 
future research. 

5. Conclusions 

Simulating the effects of climate change and land use on the spatial 
distribution of antelopes on the Tibetan plateau was performed. The 
results of this study showed that four antelopes are highly sensitive to 
climate change, with their habitat loss likely increasing the survival 
pressure. Furthermore, habitat transfer was considered as the response 
of species to climate change as species are predicted to migrate to higher 
latitudes in the future. Therefore, we propose to build migration corri
dors in order to connect the suitable habitats in current climate scenario 
with suitable habitats in future climate scenario. In addition, we 
recommend additional important measures such as: establishing key 
protected areas, implementing long-term monitoring to obtain effective 
information on species transfer and distribution trends, and strength
ening research on the balance of livestock and forage reserves. The 
above-mentioned measures would alleviate the climate change pres
sures on the Plateau species and provide scientific support and evidences 
for the protection of wildlife in this region. 
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