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Abstract 

Critically endangered Asiatic Cheetah faces a dramatic decrease in its abundance and distribution 

in recent decades, entailing the necessity for more severe conservation activities for the species in 

its last remaining habitats in Iran. Proper management of the target species is highly dependent on 

knowledge about its distribution and habitat requirements. The Maximum Entropy modeling 

approach was applied to achieve the species habitat suitability models using data collected from 

2001 to 2018. We found that the most contiguous patch predicted as a suitable one has been reported 

from the country's central parts, which constitute around one-third of the country's predicted suitable 

habitats. However, only 36.3% of these habitats were shown to be located inside the borders of the 

country's protected area network. Naybandan Wildlife Refuge and Touran Biosphere Reserve 

incorporate 9661.7 (12.6%) and 8291 (10.8%) km2 of suitable habitats, respectively where can be 
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regarded as the most critical areas in the species conservation programs. Least Cost Path analysis 

suggested two corridors with 262.5 and 192.5 km length connecting northern and southern suitable 

patches. Designing new protected areas or local community conserved areas and extending current 

borders of the protected areas are necessary to connect northern and southern habitats and increase 

the species viability. 
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Introduction 

Nowadays, the critically endangered Asiatic cheetah Acinonyx jubatus venaticus (Durant et al., 

2015), only exists in the fragmented habitats with small numbers in the arid environment central 

plateau of Iran (Nowell & Jackson, 1996; Ahmadi et al., 2017). Historical distribution of Asiatic 

Cheetah consists of India, Afghanistan, Turkmenistan, and Iran to the Arabian Peninsula and Syria 

(Ellerman & Morrison-Scott, 1966; Nowell & Jackson, 1996; Karami, 1992). During the last 50 

years, eastern Iran is the last refuge for a few Asiatic Cheetah survivors (Moqanaki & Cushman, 

2017). Over the previous two decades, the highest number of Cheetahs were killed by sheepdogs, 

free-ranging dogs, vehicle collisions, and poached by local livestock owners (Farhadinia et al., 2017; 

Nezami, 2018b). Asiatic cheetah needs a vast home range while being a secretive species with low 

population density makes monitoring and population estimation very challenging (Ahmadi et al., 

2017; Durant et al., 2017). Moreover, most cheetah's distributional range extends out of protected 

areas where it comes up with new threats. The target species' frequency is estimated to be lower 

than 40 (Nezami, 2018a), with at least one-third of which might be an effective population (Saraie, 

2008). Although the Asiatic Cheetah's population has been nearly constant in Iran during the last 

decades (Hunter et al., 2007), it has remarkably reduced in recent years (Farhadinia et al., 2017). 

More than double-fold increase in the human population over the last forty years (Farhadinia et al., 

2017; Moqanaki & Cushman, 2017; Mohammadi et al., 2018), habitat destruction and 

fragmentation, especially by development and mining (Farhadinia et al., 2017), a decline in 

population size of preferred preys (Rezaei et al., 2016; Zahedian & Nezami, 2019) and lack of 

connection among subpopulations (Ahmadi et al., 2017; Moqanaki & Cushman, 2017), are currently 

the most important causes of threat for the Asiatic Cheetah (Farhadinia et al., 2017; Nezami, 2018a). 

Asiatic cheetah has special habitat requirements, and its range has been affected by both 

environmental and anthropogenic variables (Ahmadi et al., 2017; Cheraghi et al., 2017).  

According to the biology and movement of particular species, wildlife management may involve 

widely varying spatial scales (Bailey, 1984). Recognition of the influencing factors in the species 

habitat use plays an essential role in modeling the species distribution. Relying on such known 

variables, it will be possible to distinguish among the habitats in terms of suitability planning more 

sophisticated management activities (Franklin, 2009). The knowledge of habitat characteristics, 

which is necessary for the conservation of a target species, gives essential information to managers 

who deal with alternatives such as reintroduction, translocation, and designing new protected areas 

(Araujo & Williams, 2000; Rotenberry et al., 2006; Stamps & Swaisgood, 2007). Habitat suitability 

modeling approaches are among those of standard methods to achieve this knowledge. Habitat 

suitability modeling approaches use spatial data to predict the likelihood of an occurrence based on 

areas of suitable habitat for a species within a specific geographic area (Guisan & Zimmerman, 

2000). The output of these models, the habitat suitability maps, has several applications in 
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conservation programs like conservation prioritizing, delineation of the protected area's borders, the 

creation of habitat corridors, and the evaluation of invasive species distribution. The results of these 

models can help the researchers predict the distribution of species by identifying the contribution of 

environmental variables to the species habitat suitability. 

In this research Asiatic Cheetah's habitat suitability map was provided for the whole country using 

the Maximum Entropy (MaxEnt) approach. This research aimed to: Predict the species distribution 

range, identify the most influential environmental variables on the 'species' habitat suitability, and 

prepare potential habitats map for the whole country, map the habitat corridors potential location, 

evaluate the efficiency of the protected areas to satisfy the species habitat requirements. 

 

Material and methods 

Study area 

This study has been covered all over the Iranian plateau, located in south-western Asia and 

surrounded by Alborz and Zagros mountainous ridges from the north and west to the southwest, 

respectively. Climate is mostly arid and semi-arid. The central part that is limited by the mountains 

ridges and international borders of Afghanistan and Sistan-Baluchistan is referred to as Iran's central 

plateau, where Asiatic Cheetah occurs at low density. There are some protected areas in the central 

plateau to conserve the last remaining habitats established by the Iran Department of Environment 

(DoE). The borders of the conserved area's borders covered approximately the 'species' habitat 

requirement, but there are no habitat corridors among the patches. 

The primary habitat of the Cheetah in Iran, Dasht Kavir and Central Iranian Plateau, with an area of 

almost 5,840,423 hectares, is roughly one-third of all the regions under the DoE's management 

where includes parts of Kerman, Yazd, North Khorasan, South Khorasan, Khorasan Razavi, Esfehan 

and Semnan provinces. Currently, this vast area of plains and steppe has become the 'Cheetahs' last 

stronghold. The main cheetah habitats in Iran can be divided into three northern, southern parts, and 

Kavir National Park. The north part constituted from Touran Biosphere Reserve and Miandasht 

Wildlife Refuge, and the south part from Nayebandan W.R., Dare Anjir W.R., Kalmand-Bahadoran 

Protected Area, Bafgh P.A., Darband-e-Ravar W.R., and Siahkooh N.P. (Moqanaki & Cushman, 

2017; Durant et al., 2017) (Table 1). A general overview of inhabitants within high-priority Cheetah 

habitats (including habitats in where Cheetahs have been reported over the past few years and known 

to breed there, shows that there are around 3,000 villages in these habitats with more than 550,000 

inhabitants (Nezami, 2018a). 

 

Data acquisition and analysis  

For sampling and predicting the spatial distribution of the species, these steps have been followed 

(Franklin, 2009): at first, we collected species presence data by field surveys and game guards' 

observations. The conceptual model for determining living and non-living factors that control the 

species' distribution at different temporal and spatial scales was Designed. In the final step, 

environmental variables' maps that represent factors that determine habitat suitability or correlate 

with it, using a method of relating the presence data with environmental variables, were prepared. 
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Table 1. Cheetah present points in the habitats 

The Area  
Present points 

number 

After removing 

reputation 
With 1 km buffer 

Darban-e-Ravar Wildlife Refuge  9 6 5 

Touran Biosphere Reserve  231 106 92 

Nayebandan W. R.  325 160 119 

Miyandasht W. R.  22 9 8 

Kavir National Park  42 16 14 

Kalmand Protected Area  40 20 20 

Siyahkook N. P.  29 14 11 

Dare Anjir W. R.  200 33 32 

Bafgh P. A.  211 70 56 

Sum  1109 434 357 

 

Preparing the habitat suitability map 

Collecting data about Asiatic 'Cheetah's presence in Iran: From 2001 to 2018 Conservation of 

Asiatic Cheetah Project has been registered 1109 points of cheetah's presence worldwide by 

installing camera trap and direct observation by game guards. Defining a management plan to 

protect the species with such a critical situation requires the use of reliable, accurate, and correct 

information about the presence of the species and the appropriate analysis method (Rabinowitz & 

Zeller, 2010). For reducing the Spatial correlation, only one point was chosen between collections 

of points in a pixel with a one-kilometer dimension. The reason for choosing this size of the pixels 

was the resolution of maps using in habitat suitability modeling; otherwise, cheetah's presence was 

analyzed more than once for one point with the same habitat conditions, and this caused pseudo-

replication. Thus, the final number of Cheetah presence points used in MaxEnt modeling was 

reduced to 357 points (Fig. 3; Table 1).  

Selecting environmental and bioclimatic variables: Based on previous knowledge on the species 

behavior, nine topographic and human-induced variables that impact the species distribution were 

selected. According to the broad scale of this research (throughout the country), knowing the role 

of climatic variables in the selection of habitat by cheetahs is very important. For this reason, 19 

bioclimatic variables were used. Maps were produced from monthly temperature and precipitation 

data that are usually used in modeling ecological niches. These variables indicate annual changes, 

seasonality, and limiting or severe environmental factors (Table 2). These data have interpolated to 

1 km² spatial resolution for different points on the planet. In this research, the necessary bio-climatic 

maps were acquired from the WorldClim database (Karger et al., 2017).  

Variables correlation evaluation: To prevent disturbance in habitat suitability model results, the 

correlation of the habitat variables was measured, and variables with a correlation over 0.7 were 

distinguished. From each pair of variables with a high correlation, only one variable should be 

selected. In this ecological research, the justification was the criterion for choosing the best variable, 

which was ecologically more effective on the distribution of Asiatic Cheetah (Table 2).  

Developing a habitat suitability model using the MaxEnt approach: For this analysis, MaxEnt 

software (ver. 3.3) (Phillipes et al., 2006) was used. The advantages of using the Maximum Entropy 

modeling approach are that the software is the only method, which reduces the time and budget 

needed to gather the absence data. It is crucial, especially for cryptic, elusive, and shy predatory 

species such as cheetahs, which are not easy to observe. Therefore, only using presence data will be 

more reliable (Hirzel et al., 2002). For determining the function of each variable, the analysis of 

variable contributions and response curves was used.  
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Determining the importance of variables: In each repetition of the making model algorithm, the 

amount of increase or decrease in the degree of proximity to the model's predictions to the presence 

points used in it is measured by inputting each variable. Using this method, the increase in the 

efficiency of the model is determined for each variable (Phillipes, 2012). Jackknife's test is another 

approach for evaluating the importance of variables (Yost et al., 2008). One variable is pretermitted 

from the modeling in this approach, and the model is executed every time. Therefore, the degree of 

proximity to the model's prediction to presence points was used in making it is calculated. By 

creating a response, curves can show the selected variables' effects on choosing habitat probability 

(Baldwin, 2009). 

Habitat suitability map classification: Habitat suitability map presents a continuous spectrum of 

suitability for the habitat, while a little difference in predicted suitability doesn't necessarily mean 

habitat difference. Thus, by using the suitability threshold, these maps would be classified into 

suitable and unsuitable classes. This map is more applicable in management actions, such as 

determining suitable areas for protecting species (Shams-Esfandabad et al., 2010). MaxEnt software 

provides different suitability thresholds among them. The threshold that maximizes sensitivity plus 

specificity for test data is highly recommended.  

Validation of the model: The prepared model by the MaxEnt method can be evaluated by calculating 

the area under the curve (AUC) for the ROC graphs. The Area Under the Curve is equal to the 

probability of a randomly chosen presence point is considered more suitable by the model than a 

randomly chosen background point (Pierce and Ferrier, 2000). This number is typically between 0.5 

– 1. Those values close to 0.5 indicate that the performance of the model is not better than the 

random state, and number 1 shows a complete performance. AUC is used to evaluate the model's 

performance and is equal to a probability that a randomly chosen presence point obtains a higher 

degree of suitability than a randomly chosen background point, other parts of an area where the 

presence of species is not registered. These random background points are used as Pseudo-absence 

in all analyses in MaxEnt (Phillipes & Dudik, 2008). 

Cross-validation was used to replicate run types that use all data in making the model and its test. 

In this method, presence data randomly divided into some categories with the same sample size 

showing it with K. Then, the modeling repeats K times, and in each time, one category left out for 

testing the sample and K-1 extant category use for training the model. By repeating can calculate 

the average and standard deviation for the results of the model. Less standard deviation indicates 

the power of prediction and more stability of the model. This research data divided into four 

categories. 

Analysis of the habitat suitability based on landscape ecology: According to the implications of 

landscape ecology, landscape configuration affects ecological processes that flow inside and 

between patches (Turner et al., 2001). In this research, suitable areas are considered habitat patches 

for Asiatic Cheetah and common indicators in landscape ecology studies. These include the patches 

size, SD's of patches, and patches' distribution. Least cost path (LCP) analysis: For LCP analysis, 

the first cost layer should be provided. Thus the inverse of the habitat suitability map is considered 

as the cost map. In other words, the cost of moving from the pixel reduces by increasing its 

suitability for species. Using the least-cost path analysis in ArcMap (ver. 10.2) software, a one-pixel 

width corridor (one kilometer in this research) was designed between source and sink. 
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Results 

Model validation: The average value of the area under the curve for test data excluded from the four 

replicates' training data was 0.976, and the standard deviation was 0.007. The high value of the area 

under the curve shows a high capacity of the Cheetah habitat suitability model to separate the 

presence from background data, even in data not used in training the model. Moreover, the area 

under the curve for ROC was measured 0.984 with a standard deviation of 0.0004.  

Variables' response: Evaluation of the final model's response curves for cheetahs (Fig. 1) shows that 

the habitat suitability increases by increasing the total annual precipitation to nearly 100 mm. In 

contrast, the cheetah's habitat suability decreases. By increasing seasonal changes in rainfall, the 

cheetah's habitat's suitability slowly raised to 70%, and after that, it experienced sharp rises. By 

increasing precipitation in the driest season to 10 mm, cheetah's habitat suitability increased and 

decreased. Changing rainfall from 20 mm to higher values does not affect the cheetah's habitat 

suitability. By increasing the isothermally, the distance from cities, and the average range of daily 

changes in temperature and getting away from the dunes, the Cheetah habitat suitability increased. 

With the rise of seasonal temperature variations, habitat suitability will be increased. The warmest 

month's maximum temperature also had a positive effect on the species habitat suitability. The areas 

with a maximum temperature of about 35 and more than this in the warmest month of the year 

showed more suitability. Increasing the height to nearly 1900 meters leads to an increase in the 

cheetah's habitat suitability. Also, from 400 to 3400 altitudes, the habitat suitability increased. The 

most suitable habitat for Asiatic Cheetah was located at least 5 km away from farmlands, while 

more distance caused lower suitability, which can be related to soil fertility. The species habitat 

suitability increased and then decreased by increasing the distance from the rivers up to 14 km. 

Cheetah's habitat suitability slowly increased by increasing distance from roads, especially to a 

range of 60 km. Areas of 100 km away from the salt pans were the most suitable habitats for 

Cheetahs. The more distance from the dunes caused more habitat suitability. With increasing the 

slope, the habitat suitability increased for the species. 

The evaluation of contributing variables indicated that the most crucial variable was a seasonal 

temperature change. Then three variables, which were the distance from human settlements, annual 

precipitation, and slope, had the most contribution to the model performance. The least essential 

variable is precipitation in the driest season (Table 2). 

According to the Jackknife test's average results with four replications, the variable with the most 

significant function in predicting the model is the variable of seasonal change of temperature and 

thus has the most useful information. Furthermore, the variable that its deletion reduces the model's 

prediction to the most degree was the seasonal change of temperature; therefore, it has unique 

information. 

Variables contribution examination based on Jackknife tests indicated that the variables of seasonal 

change of temperature, distance from human settlements, annual precipitation, slope, and distance 

from traffic roads were the most critical variables in predicting species habitat suitability. 
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Figure 1. The average of response curves ± Standard Division for the environmental variables after four 

replications 

 

Table 2. Environmental variables which used in cheetah's habitat preferences modeling after the 

correlation analyses the analysis of variable contributions in four replications 

Environmental Variable Percent contribution Variable response* 

Annual mean temperature 27.7 + 

Distance from Cities 16.3 + 

Annual precipitation 14.9 - 

Slope 10.2 + 

Maximum temperature of the warmest month 7,3 + 

Daily mean temperature (maximum monthly mean temperature – minimum 

temperature) 
5 + 

Elevation 4.8 + 

Distance from farmlands 3.7 +/- 

Distance from rivers 2.5 +/- 

Isothermality 2 + 

Distance from roads 1.6 + 

Precipitation seasonality 1.2 + 

Distance from sandy hills 1.2 + 

Distance from salty areas 1 +/- 

Precipitation of driest season 0.6 +/- 

* The habitat suitability trend with increasing of the variable 

 

Habitat suitability: With an average of four replications MaxEnt model, used to provide a logistic 

habitat suitability map. The threshold of habitat suitability, which was used to categorize the 

cheetah's habitat suitability map to two suitable and unsuitable classes, was 13.02%. This suitability 

threshold has been chosen so that the sample has the highest accuracy in the correct classification 

of the presence points and the background points. According to the MaxEnt model, those areas 

where the expected habitat suitability was more than this value were considered suitable, while the 

other regions were deemed unsuitable. By mapping the cheetah's presence points on the habitat 

suitability classification map, four areas were identified. Despite the suitability for cheetah, there 
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has been no record for the target species in those areas so far (Fig. 2), which requires more evaluation 

to ensure the Asiatic Cheetah's presence in these regions. 

 

 
Figure 2. The suitability map distribution for the cheetah with the extent more than 89000 ha in Iran 

 

Patches classification in terms of landscape characteristics: Evaluating patches in terms of landscape 

characteristics (Table 3) shows a high distribution of suitable habitats for Cheetahs, with a total area 

of 76681 km². By evaluating patches' area, nine-patches with a location close to 900 km² (90,000 

hectares) or more extensive than that were found for cheetahs in the country. Characteristics of these 

patches from a landscape viewpoint are presented in Table 4. 

In four patches listed in Table 4 in gray, with a total area of 7.4% of all cheetah's suitable habitats, 

this species' presence has not been recorded so far, which could be more field observations (Fig. 

3). 
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Figure 3. Overlaying suitable habitats and present points of cheetah (the red lines show the suitable 

habitats which were not reported any observation of the species yet) 

 

The efficiency of protected areas in conserving cheetah (or protecting cheetah's habitat): Overlaying 

DoE protected areas map in the country on a classified map of habitat suitability shows that 27846 

km² (36.3 percent) of the suitable habitats for cheetahs are within the DoE protected areas regions 

boundaries and 48835 km² (63.7 percent) are outside of protected areas. National parks with the 

highest protection level in the country and with the most protective actions cover nearly 6% of the 

total suitable habitats for Asiatic Cheetah, which Kavir national park covers more than half of these 

areas (Table 5).  
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Nearly 19% of the cheetah habitats are located within the Wildlife Refuges, which Naybandan W.R. 

has about 12.6% of these areas (Table 6). Protected areas have close to 12% of the suitable habitats, 

and Touran national park covers 99.6%. They were considering that Touran national park has 1.3% 

of the suitable habitats and Touran wildlife refuge covers 2.5% of suitable habitats, so that 10.79% 

of the suitable habitats for cheetah are in the Touran national park (Table 7). It can be concluded 

that the Naybandan W.R. and Touran areas with 12.6% and 10.79% are the most suitable habitats. 

From habitats that are not within protected areas of the DoE, 5.42% are in the No-hunting area 

regions that have the lowest level of protection. Among them, Ariz No-hunting area in Yazd 

province is the most suitable No-hunting area (Table 8). 58.48% of cheetah's habitats do not have 

any protection by DoE at present.  

Least cost analysis: Using the least cost analysis approach, the best corridor for linking patch 3 to 

patch 1 and 2 were determined. For this purpose, the cost layer was calculated by reversing the 

cheetah's habitat suitability map. The northernmost habitat patch (patch number 3), was regarded as 

the source layer, and two close patches of 1 and 2, which form the southern habitats, were introduced 

as a sink in the analysis, then the routes with the lowest cost were calculated (Fig. 4). These paths 

provide habitat corridors for the north-south movements and also make a connection between two 

adjacent patches. Paths no. 1 and 2, which connect the northern and southern habitats, are critical, 

and lower path length makes its physical protection easier (Table 9). 

 

Table 3. Description of the suitable habitat patches for Asiatic cheetah in the country scale 

Suitability of 

the patches 

The 

abundance of 

the patches 

The lowest 

extent (km2) 

The widest 

extent (km2) 

Average of the 

patches extent 

(km2) 

The standard 

deviation of 

the patches 

extent 

Sum of the 

extent of the 

patches (km2) 

Suitable 1434 1 24583 53.47 923.31 76681 

 

Table 4. Most extensive suitable patches for the cheetah habitats, according to the ratio of the perimeter to 

the area 

Patches 

number 

Area of the patches 

(km2) 

Percent of the 

suitable habitats 

The perimeter of 

the patches (km) 

The ratio of the 

perimeter to the 

area (P/A) 

Ranking 

according to the 

P/A 

1 24583 32 4403 0.179 2 

2 20571 26.8 5621 0.273 4 

3 13544 17.7 2551 0.188 3 

4 2536 3.3 404 0.159 1 

5 1618 2.1 758 0.468 9 

6 1191 1.6 448 0.376 8 

7 1157 1.5 433 0.374 7 

8 989 1.3 287 0.290 5 

9 894 1.2 288 0.322 6 

Sum 67083 87.5 - - - 

 

Table 5. The distribution of the suitable habitats in the National Parks of Iran 
National Park Extent of the suitable habitat (km2) Percentage of the suitable habitats 

Kavir N. P. 2656 3.5 

Touran N. P. 1010.9 1.3 

Siyahkooh N. P. 668.9 0.9 

Sum 4335 5.7 
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Table 6. Distribution of the suitable habitats in the Wildlife Refuges of Iran 
Wildlife Refuges Extent of the suitable habitat (km2) Percentage of the suitable habitats 

Nayebandan W. R. 9661.7 12.60 

Touran W. R. 1918.7 2.50 

Dareh Anjir W. R. 1558.1 2.03 

Darband W. R. 729.4 0.95 

Miyandasht W. R. 600.5 0.78 

Hamoon W. R. 33.4 0.04 

Sum 14501.8 18.9 

 
Table 7. Distribution of the suitable habitats in the Protected Areas of Iran 

Wildlife Refuges The extent of the suitable habitat (km2) Percentage of the suitable 

habitats Touran P.A. 5361.4 6.99 

Kalmand-Bahadoran P.A. 1705.9 2.22 

Bafgh P.A. 821.7 1.07 

Siyahkooh P. A. 407.6 0.53 

Dahaj P. A. 219.8 0.29 

Parvand P. A. 159.2 0.21 

Kavir P. A. 154.2 0.20 

Kahyaz P. A. 145.1 0.19 

Eftekhari P. A. 21 0.03 

Chah kooche P. A. 9.7 0.01 

Khaje forest P. A. 1.1 0.001 

Kooh Asyab Kooh Banan P. A. 1.1 0.001 

Mozafari P. A. 0.55 0.0007 

Karkas P. A. 0.06 0.00008 

Sum 9008.41 11.74 

 
Table 8. Distribution of the suitable habitats in the No-Hunting Areas of Iran 

No-Hunting Areas Extent of the suitable habitat (km2) Percentage of the suitable habitats 

Ariz 1310.13 1.71 

Kharoo 638.05 0.83 

Transboundary areas with long 7 km 633.67 0.83 

Taghestane Abarkooh 535.38 0.70 

Nodarhang Rafsanjan 280.93 0.37 

Marvar Meybod 184.95 0.24 

Kooh bozorgi Anarak 180.24 0.24 

Dare bagh 105.65 0.14 

Shirk ooh Taft 97.16 0.13 

Aghgol Makoo 77.92 0.10 

Dorooh 59.72 0.08 

Shahr Babak 28.25 0.04 

Basiran 4.21 0.005 

Rivand 0.55 0.0007 

Sum 4136.81 5.42 

 

Table 9. Length of the selected corridors for cheetah based on the Least Cost Analyses 

Corridor Number Long of the corridors 

1 262.5 

2 192.5 

3 26.2 

4 27 

5 43.5 

6 44.2 
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Figure 4. The selected corridors for cheetah based on the Least Cost Analyses (the length of the habitat 

corridors are in table 9) 

 

Discussion 

Asiatic cheetah has disappeared from its historical boundaries in the southwest of Asia (Ahmadi et 

al., 2017). Now it is clear that this species can be seen only in the Iranian Plateau (Nezami, 2018a). 

At present, our data regarding the species dispersal and habitat requirements is minimal (Farhadinia 

et al., 2008; Rabinowitz & Zeller, 2010). Recognizing the environmental factors that affect the 

cheetah distribution has tremendous importance because the species has a tiny population with low 

density; on the other hand, it lives in the harsh and fragile environments of the desert area. 

Recognition of the environmental factors that affect the distribution of cheetahs also has very 

important in defining corridors and new conserved regions. Whereas traditionally, only the presence 

of prey has been the criterion for managers' decision for determining conserved areas. 

Asiatic Cheetah's habitats selection: Based on the results, the most crucial influencing variable in 

cheetah's habitat selection was seasonal changes of temperature as by increasing the ambient 

temperature, the habitat suitability enhanced. According to the results, cheetah's habitat selection 



27| Journal of Wildlife and Biodiversity 5 (1): 15-31 (2021) 

from the climatic aspect indicates species adaptation to areas with high temperatures, low annual 

precipitation, and significant seasonal changes (Ahmadi et al., 2017). Rainfall over 100 mm reduces 

the habitat suitability. Except for the temperature, three other variables, distance from the cities, 

annual precipitation and slope, account for over 60% of the model's prediction capability. While 

habitat roughness is significant for the Asiatic Cheetah's habitat selection, against its African 

relatives, lives in the plains, savannas, and grassland of the African Sahara Desert, where is the 

home of large ungulates (Andresen et al., 2014; Rostro-García et al., 2015). Sarhangzadeh et al. 

(2013) found that the species habitat suitability improves by increasing slope, getting far from 

human settlements and roads in Dareh Anjir of Yazd Province. Avoiding human settlements is 

already emphasized by other researchers (Ahmadi et al., 2017; Cheraghi et al., 2017). 

Simultaneously, in Europe, for example, large and medium-size carnivores have been adopted in 

human-induced landscapes (Chapron et al., 2014). Also, in Serengeti National Park, the African 

Cheetah's habitat suitability increases by getting far from human resources (Pettorelli et al., 2009). 

Cheetahs' distribution is currently limited to Iran's central plateau, which inhabits the lowest human 

population. Despite the relatively high-frequency of prey, especially gazelles in many habitats, like 

those located in Isfahan province, Cheetahs have not preferred these regions (Ahmadi et al., 2017).  

By increasing the elevation and slope, the cheetah's habitat suitability increases as well, indicating 

the species' tendency to the mountainous and hilly habitats and regions with mostly local prey items 

(Sarhangzadeh et al., 2013; Zahedian & Nezami, 2019). This contrasts with the species' suitable 

habitat and its selected prey in Africa (Hunter et al., 2007; Farhadinia & Hemami, 2010). In 

Serengeti National Park, the African Cheetah's habitat suitability increases by getting away from 

mountainous areas (Pettorelli et al., 2009). A study in South Africa's Kruger National Park also 

showed that the combination of the prey, the vegetation covers of the region, and rival species' 

presence have a significant impact on cheetah's habitat selection (Mills et al., 2004). The cheetah's 

diet and its behavior of choosing the prey are exceptional and have a high adaptation to predation 

on prey living in the deserts and hills (Mills & Harvey, 2001; Hayward et al., 2006). The widespread 

distribution of Asiatic cheetahs in the mountainous and hilly areas of the central Iranian plateau may 

indicate a change in selecting the prey by this carnivore (Farhadinia et al., 2008). It seems that there 

is a sharp decrease in the number of plans ungulates, such as Jebeer and Goitered gazelle, which are 

the main prey of Asiatic Cheetah in Iran (Firouz, 1998; Hunter et al., 2007; Mallon, 2007; Zahedian 

& Nezami, 2019). The loss of the main habitats of the species and gazelles first reduced the number 

of Cheetahs (Nowell & Jackson, 1996; Hayward et al., 2006), and second, it has led to the loss of 

integrated habitats of the species and the species feed on less preferred prey in the habitats with 

lower suitability (Jowkar et al., 2009; Hunter et al., 2007; Durant et al., 2017).  

Although the species tends to dry habitats, proximity to water resources is very important for 

selecting its habitat. According to Sarhangzadeh et al. (2013) and Cheraghi et al. (2017), proximity 

to water resources increases habitat suitability. In the Serengeti National Park, the cheetah's habitat 

suitability increases by getting close to water resources (Pettorelli et al., 2009). Ungulates, especially 

in warm seasons, have a high dependence on water and water resources in the arid environment 

(Montenegro, 2004). Because of facilitating water supply in the hot season by game guards, most 

of the water resources are located on the hillsides. Therefore, mountain ungulates, wild sheep, and 

wild goats are more huntable by the Cheetah (Shams-Esfandabad, 2010; Nezami, 2018a). 

Prioritization of cheetah's habitats in the country: We found patches 1 to 3 had formed more than 

76% of the suitable habitats. Considering these areas, it may be possible to extend this complex's 
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boundaries in the coming years. Our results also indicate that except for the protected areas that are 

now managed and protected by the DoE, to ensure the conservation and survival of Asiatic Cheetah, 

necessary critical habitat patches are identified, and corridors mainly should be the priority of 

protection (Farhadinia et al., 2016). Patch number 4, located in the Kavir N.P., despite its small size 

compared to the other patches found in the Semnan and Yazd province, in terms of the perimeter 

ratio to the area marginal effect, is in a better condition than other patches. Thus, despite its smaller 

size than the other regions, it faced the least conservation conflicts and can be regarded as one of 

the ideal candidates for the species long term protection. Despite its suitability and least conflicts, 

Kavir N.P. had low observation of the cheetah, and it probably will be disappeared from the species' 

distribution map soon.  

Least cost analysis: In suitable patches with more connections, large carnivores will be conserved 

with a higher probability (Ahmadi et al., 2017). Cheetah has a high potential for dispersal among 

the habitat patches (Boast, 2014).  

Therefore, better conservation of corridors will contribute to more prolonged survival and will 

facilitate the transfer of genes among the subpopulations. Our proposed model also predicts the 

corridors of habitat patches in existing areas. Unfortunately, the corridors' function and capability 

for the distribution of cheetah have been mainly influenced by low conservation and the risk of 

accidents in the roads that fragmented their suitable habitat (Ahmadi et al., 2017). In all cheetah 

habitats in Iran, roads cross the border or within the habitats and disturb habitat integration (Nezami, 

2018a). Hence, investigating and conserving the habitat corridors, especially between the northern 

and southern regions, which have not been studied over these years, can be very crucial. 

Corridors 1 and 2, with a length of more than 190 km, have provided the possibility of linking the 

northern and southern cheetah's subpopulations across the country. The range of these corridors 

makes their protection a challenging issue. However, according to the least cost of these corridors 

for animal movements, reducing the probability of threats to the species' long-term viability can be 

expected.  

 

Conclusion 

Asiatic cheetah has long movements among fragmented remained habitats (Farhadinia et al., 2016). 

Stabilizing new protected areas or local community conserved areas and extending current borders 

of the protected regions concerning the spatial location of the proposed habitat corridors can enhance 

the gene flow between these two prominent habitat patches in the country (Moqanaki & Cushman, 

2017). The conservation of predicted corridors by provided solutions is essential for better 

protection of the subspecies. Furthermore, in recent years, disregard of patches that are located 

among the subpopulations on the corridors has led to high mortality in both prey and predator 

(Mohammadi et al., 2018). Therefore, four habitat corridors between patches number 1 and 2, due 

to the large areas of the patches and their proximity to each other, can ideally enhance the gene flow. 
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