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Abstract

Conservation outside conservation areas (CAs) is more challenging due to

increased exposure to human-induced disturbances. Therefore, it is important

to identify and designate new CAs that can protect core wildlife habitat

patches, as well as key linkages to promote connectivity. We performed this

study to identify and prioritize core habitat patches and corridors for two semi-

desert sympatric gazelles in Iran (i.e., goitered gazelle Gazella subgutturosa

and jebeer gazelle G. bennettii) in order to propose the expansion of existing

CAs. We used an ensemble distribution modeling approach based on three

algorithms (random forest, maximum entropy, and generalized boosting

models) for habitat suitability assessment and a combination of resistant kernel

and factorial least-cost path analysis for connectivity modeling. Our results

revealed that distance to CAs, elevation, and annual mean temperature were the

most influential variables for predicting the distribution of the two gazelle spe-

cies. We identified 12 and six core habitat patches for goitered gazelle and jebeer

gazelle, respectively with a minimum area of 210 km2. Core habitat patches

were mainly occurred in the north of the central basin of Iran with a high prior-

ity for the conservation of both species. CAs protected up to half of core habitat

patches for goitered gazelle and one-third of core habitat patches for jebeer

gazelle. Due to human-induced disturbances (e.g., vehicle collisions and poach-

ing) outside CAs, it is necessary to increase regular monitoring and establish

new CAs based on the identified core habitat patches for the two gazelles. Our

findings highlight opportunities of designating new CAs for wildlife habitat and

corridors conservation and for promoting connectivity by limiting road impacts.
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1 | INTRODUCTION

Desertification is expected to intensify with the warming
and drying climate, further limiting the resources within

desert ecosystems, such as water (Liang et al., 2021;
Lundgren et al., 2021). Climate change is projected to be
more severe in deserts in comparison to other biomes
regarding the extinction rate of organisms and alongside
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other anthropogenic factors such as land degradation,
will probably lead to range contraction and species
extinction in arid and semi-arid environments (Brito
et al., 2021). For instance, the results of studies conducted
by Wu et al. (2017) and Zhang, Jiang, Li, et al. (2021)
revealed that the ranges of climate niche projected for
the Tibetan antelope (Pantholops hodgsoni) would be
reduced to about half of the current range. In another
research, Erasmus et al. (2002) reported that the ranges of
78% of animal species in South Africa would decrease in
the era of climate change. Moreover, 82% of African ante-
lopes will lose most of their favorable habitats by 2080
under climate change (Payne & Bro-Jørgensen, 2016). This
situation can be true for other arid and semi-arid regions
such as western Asia.

Previous research revealed that western Asia has a
high risk of exposure to extreme climatic events
(Evans, 2009; Lelieveld et al., 2012; Yusefi et al., 2021).
Warming and aridity are expected to increase over the
entire region during the coming decades (Chenoweth
et al., 2011). Within western Asia, Iran is an arid and
semi-arid country, and its temperature and precipitation
are projected to rise by 2.6�C and decline by 35% over the
next decade, respectively (Ebrahimi et al., 2021). Rain-
fall in the central basin of Iran is already low
(<200 mm/year); even a small decrease in precipita-
tion due to climate change could have dangerous
effects on its local biodiversity (Yusefi et al., 2021).
Reductions in annual precipitation will affect the
abundance of mammals, especially in arid landscapes
(Heffelfinger et al., 2018; Ogutu, & Owen?Smith,
N., 2005). Therefore, monitoring and predicting habi-
tat and connectivity changes due to climate change is
a pressing task for biodiversity conservation in this
century. To do so, it is important to first establish the
current condition through baseline assessments. These
assessments are particularly critical for species conser-
vation planning and for evaluating whether existing
conservation area (CA)s are climate-change-proof
(Ashrafzadeh et al., 2022).

In arid and semi-arid regions, inadequate protection
of landscape connectivity has recently been identified as
a major obstacle to wildlife management and conserva-
tion, especially for mammals (Ghoddousi et al., 2020;
Malakoutikhah et al., 2020; Yusefi et al., 2021). Existing
CAs often fail to support viable populations of mammals
due to the animals' large area requirement, low density,
and high dispersal ability (Ashrafzadeh et al., 2022;
Mohammadi, Almasieh, Nayeri, et al., 2021; Mohammadi,
Almasieh, Wan, et al., 2021). Therefore, conservation plan-
ning for species requires assessing the coverage and con-
nectivity of existing CAs, prioritizing the establishment of
new CAs in strategic locations, and protecting dispersing

individuals as they move between the network of CAs
(Almasieh, Mirghazanfari, & Mahmoodi, 2019; Almasieh,
Rouhi, & Kaboodvandpour, 2019; Rezaei et al., 2022).

Conservation of the ungulates is vital not only to pro-
tect these species due to climate change and mentioned
threats in the desert environment, but because the spe-
cies has a large impact in desert environments on the
development and maintenance of other plants and ani-
mals (Kaky et al., 2023). Understanding the ungulates
distribution and connectivity is important in order to mit-
igate their decline and effective strategies for effective
conservation and management of these species (Meliane
et al., 2023). Iran has a vital role in the conservation of
threatened wild ungulates in western Asia
(Malakoutikhah et al., 2020). Iran provides large areas of
suitable habitat for ungulate populations, especially for
goitered gazelle (Gazella subgutturosa Guldenstadt, 1780)
and jebeer gazelle (also known as chinkara or Indian
gazelle, G. bennettii Sykes, 1831) in their entire distribu-
tions in Asia (Akbari et al., 2014; Karami et al., 2002;
Malakoutikhah et al., 2020). Iran has the second highest
population of goitered gazelle and jebeer gazelle in the
world (IUCN SSC Antelope Specialist Group, 2017a;
IUCN SSC Antelope Specialist Group, 2017b). These two
gazelles are found across the country; however, habitat
degradation (especially by expanding road networks) and
poaching have reduced their population size (Fadakar
et al., 2020; Ghoddousi et al., 2019; Hemami &
Groves, 2001). IUCN Red List categorizes the global con-
servation status of goitered gazelle as vulnerable
(VU) and jebeer gazelle as least concern (LC) (IUCN SSC
Antelope Specialist Group, 2017a, 2017b). Because of
severe population declines in these two species (Karami
et al., 2016), especially for jebeer gazelle (Akbari
et al., 2014, 2015; Torabian et al., 2021), Yusefi et al.
(2019) categorize these two gazelles as endangered
(EN) at the national scale. According to IUCN Red List,
currently, about 2.6% and 5.9% of distribution ranges of
goitered gazelle and jebeer gazelle in Iran are protected,
respectively. Identifying the most influential environ-
mental characteristics on habitat suitability for these spe-
cies, as well as their core habitat patches and the
corridors among them are essential steps for conserva-
tion, especially in creating new CAs (Mohammadi
et al., 2022).

This research aimed to conduct a baseline assessment
of habitat suitability and landscape connectivity for these
two sympatric ungulates in Iran. The objectives of our
research were (1) determination of the most significant
environmental and anthropogenic factors influencing
habitat suitability; (2) identification of core habitat
patches and corridors, and (3) identification of the cover-
age of core habitat patches by existing CAs.
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2 | MATERIALS AND METHODS

2.1 | Study area

The study area was the entire land area of Iran
(1,648,000 km2), located in southwest of Asia (Figure 1),
because both ungulate species are broadly distributed in
the entire country. Except for the western parts of the
country and the northern coastal areas, Iran's climate is
mainly arid or semi-arid (Mansouri Daneshvar
et al., 2019). About 52.4% of Iran's total area is composed
of grasslands/steppes, 8.6% of forests, and 19% of deserts,
including bare saline lands (Noroozi et al., 2008). Two
mountain ranges of Alborz and Zagros prevent moisture
reaching the central arid plains of Iran (Khosravi
et al., 2018). The central arid plains of Iran with about
30% of Iran's area and average elevation of 900 m above
sea level receive annual precipitation of 50–250 mm
(Emadodin et al., 2019; Qadir et al., 2008).

There are 246 CAs in Iran, covering about 11.5% of
the country's land area (DoE, 2022) (Figure 1). Due to its
topographic and geographical diversity, Iran is one of the
richest countries in western Asia in terms of biodiversity.
Iran has about 190 terrestrial mammals (Karami
et al., 2016; Yusefi et al., 2019) and is home to six mem-
bers of the family Bovidae: urial (Ovis vignei), mouflon

(Ovis gmelini), bezoar goat (Capra aegagrus), goitered
gazelle, jebeer gazelle, and mountain gazelle (Gazella
gazelle) (Karami et al., 2008; Yusefi et al., 2019). In addi-
tion, the central basin of Iran is home to other species of
conservation concern, including Asiatic cheetah (Acinonyx
jubatus venaticus), Persian leopard (Panthera pardus tulli-

ana), and Persian onager (Equus hemionus onager), which
are threatened by poaching and habitat loss (Ghoddousi
et al., 2019; Shams-Esfandabad et al., 2010; Soofi
et al., 2022). Flat plains of semi-deserts, steppes, bush
lands, and woodlands especially covered with Artemisia

sp. are the habitat of goitered gazelle in Iran and jebeer
gazelle inhabits deserts and semi-deserts of Iran (Karami
et al., 2016). Habitat degradation and poaching are two
main threats for both gazelle species in Iran (Karami
et al., 2016).

2.2 | Occurrence records

We collected occurrence points for goitered gazelle and
jebeer gazelle from rangers and officers of Iran's Depart-
ment of Environment (DoE) during 2010–2020. Most of
these occurrence points were obtained during daily field
surveys and direct observations. We removed two occur-
rence points from a CA in the southwest of Iran because

FIGURE 1 Study area, conservation areas and occurrence points of goitered gazelle and jebeer gazelle in Iran.
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the taxonomic status of these records is unclear (Fadakar
et al., 2019). In addition, we did not consider occurrence
points in the islands of southern Iran due to the lack of
data on environmental variables (climatic layers) for the
islands. In total, we obtained 158 and 173 occurrence
points for goitered gazelle and jebeer gazelle, respectively.
To minimize spatial-autocorrelation, we considered a
radius of 2 km (the radius of the circular home range of
goitered gazelle in Turkey (15 km2), Durmus, 2010)
around each occurrence point to spatially filter occur-
rence records using the Spatially Rarify Occurrence Data
tool in SDMtoolbox (Brown, 2014). Following data clean-
ing, we retained 145 and 158 occurrence points for habi-
tat modeling of goitered gazelle and jebeer gazelle,
respectively.

2.3 | Environmental variables

According to the ecology of two gazelle species and previous
studies (Akbari et al., 2014; Akbari et al., 2015; Farashi
et al., 2017; Hosseini et al., 2019; Khosravi et al., 2016;
Malakoutikhah et al., 2020; Shams-Esfandabad et al., 2019),
the related environmental variables used for habitat
modeling included (1) topographic and (2) climatic vari-
ables, (3) land cover and (4) anthropogenic variables
(Table 1). We considered a digital elevation model (DEM)
with a resolution of 1 km based on the 30 m Shuttle Radar
Topography Mission (downloaded from http://earthexplorer.
usgs.gov). We downloaded annual mean temperature (BIO1)
and annual precipitation (BIO12) from http://worldclim.org
(Fick & Hijmans, 2017) with a resolution of 1 km as the cli-
matic variables.

According to occurrence points of the two gazelles,
we considered two land-cover types for each species: low
density of semi-arid grasslands and moderate density of

semi-arid grasslands for goitered gazelle, and low density
of semi-arid grasslands and arid bare lands for jebeer
gazelle. Land-cover data were based the land-cover
map of Iran resample to a cell size of 1 km (created
from Landsat images with a 30 m resolution by
FRWMO, 2010). In addition, we considered agricultural
lands density as another habitat variable for these two
gazelles. We used a moving window routine based on
a circle with a radius of 5 km to create continuous
density maps (with values ranging from 0 to 1) for
these four cover types using the Focal Statistics tool
(Malakoutikhah et al., 2020). We used 16-day composite
MODIS data (MOD13A1 V6 at 500-m resolution; http://
earthexplorer.usgs.gov) to calculate the normalized differ-
ence vegetation index (NDVI) according to the mean
values for 2020 and then resampled NDVI to a cell size of
1 km. To take into account the protection of herbivores
from poaching in CAs, we considered distance to CAs as
the protection factor for herbivores by using the Euclid-
ean Distance tool. We used distance to roads (asphalted
roads in Iran) (DoE, 2022) and distance to villages
(DoE, 2022) as the two main anthropogenic variables for
habitat modeling. We resampled all variables with a cell
size of 1 km. We checked for multicollinearity by evaluat-
ing the correlation between variables. We checked the
correlation between variables to exclude variables with a
correlation coefficient of >0.7. All of the above-
mentioned variables had a correlation coefficient of <0.7.

2.4 | Habitat modeling

We performed a prediction of habitat suitability for the
two species using an ensemble approach in the biomod2
package in R (Thuiller et al., 2016). The ensemble
approach avoids over-dependence and over-fitting on one

TABLE 1 Predicted variables used for habitat modeling of goitered gazelle and jebeer gazelle in Iran.

Category Variables Gazella subgutturosa Gazella bennettii

Topographic variable Elevation (DEM) Selected Selected

Bioclimatic variables Annual mean temperature (BIO1) Selected Selected

Annual precipitation (BIO12) Selected Selected

Land-cover Low density of semi-arid grasslands Selected Selected

Moderate density of semi-arid grasslands Selected -

Arid bare lands density - Selected

Agricultural lands density Selected Selected

Normalized Difference Vegetation Index (NDVI) Selected Selected

Anthropogenic variables Distance to conservation areas (CAs) Selected Selected

Distance to roads Selected Selected

Distance to villages Selected Selected
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algorithm (Jorgensen et al., 2021). We applied three
machine-learning algorithms for habitat modeling:
Random Forest (RF), Maximum Entropy (MaxEnt), and
Generalized Boosting Model (GBM). We checked the
accuracy of the models for each species using the area
under the ROC curve (AUC) and true skill statistic (TSS);
Eskildsen et al. (2013) reported AUC >0.9 and TSS >0.75
as excellent performance. We considered 75% of the
occurrence points as the training data set and the other
25% as test data. We generated background points in bio-
mod2 for all models according to the method used by
Barbet-Massin et al. (2012) and Kaboodvandpour et al.
(2021). We randomly created 1500 background points
across the whole study area and outside a radius of 5 km
around each occurrence point for each species. We
selected a 1:10 ratio as the best ratio between occurrence
and background points (Barbet-Massin et al., 2012). We
carried out the analyses by applying 20 replicates for each
model to achieve higher confidence (Barbet-Massin
et al., 2012). In addition, we considered a prevalence of
0.5 for presence and background points (the same impor-
tance for the presence and background points in model)
(Calamb�as-Trochez et al., 2021). We used mean variable
contributions in the three models calculated by biomod2
for each species. In addition, we determined response
curves of habitat suitability to the variables for the model
with the highest performance for each species.

2.5 | Core habitat patches and
connectivity modeling

We created the resistance map for each species from the
ensemble suitability map according to Wan et al. (2019).
First, by using the linear method in the Rescale by
Function tool in ArcGIS, we rescaled the ensemble map
for the species to a map of values between 0 and
1. Then, we used a negative exponential function to
create the resistance map using the following formula:
R = 1000(�1 � Ensemble Suitability Map), where R repres-
ents the cost resistance value assigned to each pixel
(Mateo-S�anchez et al., 2015). Finally, we rescaled the
resistance values using linear interpolation to yield values
ranging from 1 to 10; where 1 and 10 represent the minimum
and maximum resistance, respectively (Wan et al., 2019).
Although we used distance to roads as a variable in
habitat modeling for each gazelle species, due to the
importance of the road in disruption of habitat connec-
tivity, we added the main road layer with a resistance
value of 10 to the resistance layer of each species using
CorridorDesigner software (Majka et al., 2007).

We carried out core habitat patch and connectivity
modeling using Universal Corridor (UNICOR) software

(Landguth et al., 2012) at a resolution of 1 km. According
to information provided by DoE rangers regarding the
dispersal ability and movement of gazelles, we considered
100 km as the maximum dispersal distance for goitered
gazelle between two CAs in Iran during summer. We
used the resistance map for each species to obtain core
habitat patches and the connectivity among them. We
created a continuous map of core habitat patch for each
species using resistant kernels and calculated the resis-
tance cost-weighted dispersal around each occurrence
point up to the defined dispersal threshold (100 km).
We converted the contiguous maps of core habitat
patches created from resistance maps of gazelle species
to categorical maps based on >10% of the highest suit-
ability of contiguous core habitat patch maps (Ahmadi
et al., 2020; Almasieh & Cheraghi, 2022; Ashrafzadeh
et al., 2020; Cushman et al., 2013). We implemented con-
nectivity prediction among core habitat patches over the
resistance map for each species in UNICOR to find the
single-source shortest path from every core habitat patch
in the landscape to every other core habitat patch
(Cushman et al., 2013; Landguth et al., 2012). The analy-
sis predicted least-cost paths from each source patch to
each destination patch regardless of the dispersal thresh-
old to assess all potential corridors, including long-
distance dispersal corridors (Cushman et al., 2013). We
eliminated small habitat patches that cannot host a viable
population based on the minimum home range of goi-
tered gazelle herd (i.e., 15 km2 for goitered gazelle in
Turkey, Durmus, 2010). We separately calculated cover-
age of categorical core habitat patches by CAs for each
species as the ratio of total CA or CAs area within core
habitat patches to the total area of core habitat patches
for each gazelle species. We overlapped core habitat
patches of goitered gazelle and jebeer gazelle in Iran as
gazelles' niche overlap hotspots. We calculated the cover-
age of these hotspots by CAs. We highlighted the loca-
tions where corridors are bisected by main roads to show
roadkill hotspots.

3 | RESULTS

3.1 | Habitat suitability and variable
contributions

Values of AUC and TSS for all models were larger than
0.9 and 0.75, respectively, indicating excellent perfor-
mance (Table 2). The RF model had the highest
performance among the three models for both gazelle
species (i.e., highest values of AUC and TSS). Based on
the average of the three models, distance to CAs (20.9%),
elevation (14.6%), annual mean temperature (BIO1)
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(11.2%), and low density of semi-arid grasslands (10.1%)
were the most influential variables for predicting the dis-
tribution of goitered gazelle, and distance to CAs (21.3%),
annual mean temperature (BIO1) (13.2%), elevation
(11.6%) and NDVI (9.4%) were the most influential vari-
ables for predicting the distribution of jebeer gazelle in
the study area (Table S1).

Response curves of habitat suitability to environmen-
tal variables in the RF model (as the model with the best
performance) for the two species are presented in Supple-
mentary Materials (Figures S1, S2). Distance to CAs
appears to be an important factor in determining habitat
suitability for the species since the probability of occur-
rence decreased severely as distance from CAs increased.
Goitered gazelle selected 1000–2000 m elevation above
sea level and 10–20�C annual mean temperature. As the
prevalence of low-density semi-arid grasslands increased,
the probability of goitered gazelle occurrence stabilized
and then increased sharply. Similar to goitered gazelle,
jebeer gazelle exhibited a declining response to distance
from CAs as the probability of occurrence decreased far-
ther from these areas. Jebeer gazelle selected 1000–
2000 m elevation above sea level and 15–20�C annual
mean temperature. NDVI negatively affected jebeer
gazelle as habitat suitability decreased where NDVI were
more and then stabilized.

Ensemble suitability maps showed that the central
plain of Iran had the highest suitability for the two
gazelles. However, the suitable habitats extended more to
the west and northeast for goitered gazelle and to the
south for jebeer gazelle (Figure 2). Habitat suitability
maps generated by the RF, MaxEnt, and GBM models for
the two species are shown in Figures S3 and S4,
respectively.

3.2 | Core habitat patches and corridors

Within the estimated dispersal distance of 100 km, we
identified 12 core habitat patches for goitered gazelle

with a total area of about 74,000 km2, 40% of which was
covered by CAs (Figure 3). The main core habitat patches
were located in the north and west of the central basin of
Iran. The largest core habitat patch was Core1 (Parvar
area), located in the northern part of the central basin of
Iran (about 28,500 km2, 30% CAs coverage). The second-
largest core habitat patch was Core2 (Touran area),
located close to Core1 (about 19,800 km2, 55% CAs cover-
age). The third-largest core habitat patch was Core3
(Mooteh area) in the west of the central basin of Iran
(about 10,500 km2, 35% CAs coverage) (Figure 3,
Table S2). Total road density in core habitat patches was
about 29 m/km2; the highest road density was observed
in Core8 (ShirAhmad area) (about 67 m/km2) and the
lowest in Core10 (Taghestan area), Core11 (Raeisi area)
and Core12 (Bidoeeyeh area) (0 m/km2) (Table S2).

Within the estimated dispersal distance of 100 km, we
identified six core habitat patches for jebeer gazelle with
a total area of about 76,000 km2, with about 53% coverage
by CAs (Figure 4). The main core habitat patches were
located in the north and center of the central basin of
Iran. The largest core habitat patch was Core1 (Kavir
area), located in the northern part of the central basin of
Iran (about 25,300 km2, 26% CAs coverage). The second-
largest core habitat patch was Core2 (Touran area),
located near Core1 (about 24,500 km2, 60% CAs cover-
age). The third-largest core habitat patch was Core3
(Naybandan area) in the center of the central basin of
Iran (about 10,000 km2, 90% CAs coverage) (Figure 4,
Table S3). Overall road density in core habitat patches
was about 2 m/km2, with the highest road density
seen in Core4 (DarehAnjir area) and Core5 (Bahram–e-
Goor area) (about 17 m/km2) and the lowest in
Core3 (Naybandan area) and Core6 (Boroeeyeh area)
(0 m/km2) (Table S3). The gazelles' niche overlap
hotspots included four overlapped core habitat patches
with a total area of about 19,400 km2, with about 66%
coverage by CAs (Figure 5).

The connectivity for goitered gazelle was mainly
maintained in the northern and western parts of the
central basin of Iran (Figure 3). The highest connectiv-
ity was predicted to be among Core1 (Parvar area),
Core2 (Touran area), and Core3 (Mooteh area). We
identified roadkill hotspots of goitered gazelle within
corridors, which were 27 times bisected by roads
(Figure 3). The connectivity for jebeer gazelle was
mainly maintained from the north to south parts of the
central basin of Iran (Figure 4). The highest connectiv-
ity was predicted to be among Core1 (Kavir area),
Core2 (Touran area), Core3 (Naybandan area) and
Core4 (DarehAnjir area). We identified roadkill hot-
spots of jebeer gazelle within corridors, which were
10 times bisected by roads (Figure 4).

TABLE 2 AUC and TSS of three models in the habitat

suitability of goitered gazelle and jebeer gazelle in Iran.

Species Models AUC TSS

Gazella subgutturosa RF 0.925 0.83

MaxEnt 0.91 0.79

GBM 0.918 0.78

Gazella bennettii RF 0.932 0.82

MaxEnt 0.922 0.76

GBM 0.926 0.79
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4 | DISCUSSION

The study of species in arid ecosystems can be difficult
because the harsh environmental conditions constrain
research in these ecosystems. The scarcity of information
on ungulate species makes managing them a challenge,
as managers often have to rely on anecdotal and not
empirical evidence to determine how to protect and

manage them. Identifying core habitat patches and con-
nectivity paths in arid environments, such as those we
demonstrated in this study provides better accuracy over
anecdotal information and enables the management and
conservation efforts in these harsh desert environments.
This study is the first to identify core habitat patches and
corridors for two sympatric semi-desert gazelles in Iran.
Our results revealed that distance to CAs, elevation,

FIGURE 2 Ensemble habitat suitability map for goitered gazelle (right) and jebeer gazelle (left) with occurrence points of each gazelle

species in Iran based on RF, MaxEnt, and GBM models.

FIGURE 3 Core habitat patches,

contiguous corridors and roadkill

hotspots for goitered gazelle in Iran (the

name of core number s are available in

Table S2).
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annual mean temperature (BIO1), low density of semi-
arid grasslands, and NDVI were the most influential vari-
ables for predicting habitat suitability for two gazelle spe-
cies in Iran. We identified the crucial core habitat
patches for the conservation of both species in Iran; these
habitats concentrated in the northern parts of the central
basin of Iran. CAs covered 40% and 53% of core habitat
patches for goitered gazelle and jebeer gazelle in Iran,

respectively. About two-thirds of gazelles' niche overlap
hotspots were covered by CAs.

4.1 | Variable contributions

Many large mammals only persist in fragmented popula-
tions, often confined to CAs that are increasingly isolated

FIGURE 4 Core habitat patches,

contiguous corridors and roadkill

hotspots for jebeer gazelle in Iran (the

name of core numbers are available in

Table S3).

FIGURE 5 The niche overlap

hotspots of goitered gazelle and jebeer

gazelle in Iran.
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(DeFries et al., 2007). In addition, many CAs are
isolated and not large enough for a viable population of
herbivores (Kuemmerle et al., 2011). Karami et al. (2016)
reported that the population of herbivores has declined
severely in non-CAs in Iran; consequently, CAs have an
important role in protecting gazelle species from poach-
ing and habitat loss. Soofi et al. (2022) introduced goi-
tered gazelle and jebeer gazelle as the fourth and sixth
most poached ungulates in Iran and indicated that
poaching in non-CAs is significantly higher than CAs.
Distance to CAs has not been widely used in previous
studies of herbivores in Iran (e.g., Hosseini et al., 2019;
Khosravi et al., 2016; Shams-Esfandabad et al., 2019) and
our results revealed that this variable is important for
habitat modeling of gazelles.

Elevation may indirectly affect the distribution of goi-
tered gazelle as it has a direct effect on climatic condi-
tions. The preferred elevation by goitered gazelle was
1000 to 2000 m, which could show the dependence of the
species on Artemisia sp. vegetation type (Khosravi
et al., 2016). Shams-Esfandabad et al. (2019) introduced
elevation as the most important factor for goitered gazelle
in Isfahan Province, central Iran. They also revealed that
elevation of 1000 m above sea level was the threshold for
increasing the probability of occurrence for goitered
gazelle in their study area, which is consistent with our
results.

Annual mean temperature was the third most impor-
tant environmental variable for goitered gazelle and the
second most important variable for jebeer gazelle. Our
results confirm the findings of previous studies on the
importance of annual mean temperature in habitat
modeling for these two gazelles in Iran (i.e., Farashi
et al., 2017; Hosseini et al., 2019; Khosravi et al., 2016).
Low density of semi-arid grasslands and NDVI were the
fourth most important variable in habitat modeling for
goitered gazelle and jebeer gazelle, respectively. Farashi
et al. (2017) introduced NDVI as the second most impor-
tant variable for threatened mammal species in Iran and
Khosravi et al. (2016) proposed vegetation type as the sec-
ond most important variable for goitered gazelle in their
study area, which is in line with our observations.

4.2 | Core areas, connectivity, and CAs

Less than 30% of Core1 and about 50% of Core2 for both
species were protected by CAs; in addition, these cores
had the highest contribution to connectivity for these two
gazelle species. Therefore, considering Core1 and Core2
as the areas of the landscape for conservation is critical
for expanding network connectivity. Core8 (ShirAhmad
area) for goitered gazelle, and Core4 (DarehAnjir area),

and Core5 (Bahram–e- Goor area) for jebeer gazelle had
the highest density of roads. The vulnerability of these
cores is due to the potential for vehicle collisions and the
concentration of human activities. Human access in these
areas increases the risk of poaching as a common threat
for both species (Soofi et al., 2019). Road networks facili-
tate human access to remote areas and increase the
intensity of poaching (Carter et al., 2020). Based on
the results of Soofi et al. (2022), nearly 40% of poached
goitered gazelles and jebeer gazelles were shot or cap-
tured by poachers, which indicates the risk of road
expansion outside the CAs in Iran (Mohammadi
et al., 2018).

Roads bisected goitered gazelle corridors more often
than jebeer gazelle. It seems that the habitat was more
fragmented and connectivity had more challenges for goi-
tered gazelle than jebeer gazelle. In this regard, identify-
ing roadkill hotspots for mitigating mortality risk and
improving connectivity are necessary for improving the
conservation and management of both species. Results of
research conducted by Zhang, Jiang, Cai, et al. (2021)
revealed that railways and highways were the most
important factors that affected the distribution of the
Przewalski's gazelle (Procapra Przewalskii) by fragment-
ing the habitat corridors of the species.

Our resistant kernel analysis revealed that CAs cov-
ered about 40% and 55% of identified core habitat patches
for goitered gazelle and jebeer gazelle, respectively. In
addition, this coverage was about two-thirds of gazelles'
niche overlap hotspots. Our result is consistent with
Malakoutikhah et al. (2020) in the central basin of Iran;
their results revealed that about 23% of identified suitable
habitats for goitered gazelle were covered by CAs. Simi-
larly, Liang et al. (2021) showed that about half of suit-
able habitats and corridors for an endemic gazelle species
in the Tibetan Plateau were unprotected. Our finding
reveals that the current CAs inadequately cover and pro-
tect the core habitat patches and corridors identified in
this study. Hence, our findings serve as crucial guidance
for the expansion of existing CAs and establishment of
new CAs in locations that could optimally preserve core
habitat patches and promote connectivity for both gazelle
species.

4.3 | Limitations in the habitat
suitability modeling

The Lack of access to the variable of water stations for
gazelle species was one of our limitations in habitat suit-
ability modeling. However, these water stations are
located mainly in CAs, and applying distance to CAs vari-
able in habitat modeling could be able to overcome this
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limitation. We also considered distance to river as a water
source variable in primary modeling; however, this vari-
able had a minor importance in the modeling. Therefore,
we did not consider this variable for habitat modeling.
Even by considering this limitation, the results of the
model evaluation for both gazelle species were excellent.
In addition, we consider a conservative threshold
(i.e., 10%) to categorize continuous habitat suitability maps
(Almasieh et al., 2023; Puddu & Maiorano, 2016), which
core habitat patches represent highly suitable areas.

4.4 | Implications for conservation

Landscapes with small CAs that lack intermediate corri-
dors can lead to a decline in the populations of wild spe-
cies (Carter & Linnell, 2016; Farr et al., 2019). Almost
half of the identified core habitat patches of both species
were located outside CAs. Due to poaching outside these
areas (Soofi et al., 2022), it is necessary for conservation
managers to increase regular monitoring and establish
new CAs according to the core habitat patches intro-
duced here for the two gazelles. We did not include
no-hunting areas (NHAs, a non-IUCN conservation
category in Iran in order to prevent poaching (Soofi
et al., 2022)) in distance to CAs variable and to assess the
CAs coverage as they do not have an IUCN status. As a
post hoc analysis, NHAs covered 7.1% and 2.3% of core
habitat patches for goitered gazelle and jebeer gazelle,
respectively. However, these areas have inadequate
personnel and facilities (i.e., rangers and stations), which
means poaching is widespread even inside NHAs (Soofi
et al., 2022). Therefore, we recommend a higher level of
protection in NHAs to prevent poaching. In addition,
non-CAs of gazelles' niche overlap hotspots have the high-
est priorities for expanding CAs, which could protect both
gazelle species at the same time and with a lower budget.

Large herbivores including migratory species need
extensive spatial requirements to support their popula-
tions (Ripple et al., 2015). For this reason, we strongly
recommend the establishment of new CAs that are strate-
gically positioned to effectively safeguard the identified
network of core habitat patches and corridors of studied
herbivores (Macdonald et al., 2019; Mohammadi, Lunnon,
Moll, et al., 2021).

5 | CONCLUSION

The research presented here focused on identifying suit-
able habitats, core habitat patches, and the strongest
potential corridors that connect the habitats of goitered
gazelle and jebeer gazelle. Based on our results, both

species are more strongly associated with areas of low
human influence (away from roads, villages, and agricul-
tural lands). Moreover, our results showed that both spe-
cies are highly dependent on CAs. Based on our results,
we recommend: (1) conservation of habitats identified in
unprotected portions of gazelles' niche overlap hotspots
and important core habitat patches (particularly Core1
and Core2), (2) protection and enhancement of habitat
quality and connectivity along important corridors
between core habitat patches, particularly between Core1
and Core2. The present study highlighted the opportunity
of designating new CAs for conservation of two wide-
spread gazelle species and for promoting connectivity by
limiting road impacts.
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