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Abstract

This study employed the Maximum Entropy (MaxEnt) model to assess the habitat suitability of
the Persian gazelle (Gazella bennettii) within the Hormood Protected Area. Habitat modeling was
conducted using 45 occurrence points of the species and a range of environmental variables,
including topographic, climatic, vegetation cover, and anthropogenic factors. All environmental
datasets and species occurrence points were prepared in a standardized ASCII format and input
into the MaxEnt software. The model was executed with 10,000 background points and a
maximum of 15 iterations. Model performance was evaluated using the Area Under the Curve
(AUC) of the Receiver Operating Characteristic (ROC), while the Jackknife test was applied to
identify the relative importance of environmental variables in predicting habitat suitability.
Results from the Jackknife test highlighted that the most influential variables were distance from
villages (41.1%), vegetation cover (16.6%), slope (13.7%), and mean daily temperature (10.3%).
The study estimated that 17.6% of the total area constitutes suitable habitat for the Persian gazelle,
while 82.4% was categorized as unsuitable. The model's accuracy, reflected by an AUC value of
0.87, indicates its robust ability to differentiate between suitable and unsuitable habitats. Given
the significant role of anthropogenic factors, particularly proximity to villages, in influencing
habitat suitability, the study recommends implementing targeted management strategies. These
should prioritize environmental education and raising conservation awareness among local
communities residing within and around the study area to mitigate human-induced pressures on
gazelle habitats.
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Extended Abstract

Introduction

The conservation of species depends on the protection of their natural habitats, and this is possible with a more
detailed analysis of habitats (15, 31). In this regard, habitat suitability modeling is a scientific and practical
solution to estimate the distribution range of species (12). Modeling allows ecologists and wildlife experts to
gain knowledge about the ecological needs of species, barriers and factors limiting their distribution, predicting
the effects of climate change, habitat destruction, and species invasion. One of the most widely used and best
methods for modeling the habitat suitability of species that only uses presence data is the maximum entropy
(MaxEnt) method (24). Studying the habitats of all species on a large scale is challenging due to budget and
time limitations. It is imperative to direct the limited budgets and efforts towards conservation of greater
ecological significance or at greater risk. The Persian Gazelle, Gazella bennettii shikarii, is an important
hereditary mammal species that is part of the Bovidae family and the antlope subfamily. It can be found in
India, Pakistan, southern Afghanistan, and Iran. In Iran, Persian gazelle prefers dry and very dry plains with
an average annual rainfall of 50-250 mm and usually hills (2). Several studies conducted on the habitat
suitability of this species in Iran protected areas including Kavir national park (18), Naybandan wildlife refuge
(3) and Copper Ore Protected Area (22). To conduct a more comprehensive analysis of meta populations, we
need to address the gaps in the distribution and habitat requirements of this species in peripheral areas,
including the study area. The present study aims to evaluate the suitability of existing habitats and to identify
the potential habitats of Persian gazelle (Gazella bennettii) in Hormod protected area using the MaxEnt
method, so that its results can be used for better conservation and management of this species meta populations.

Material and Methods

Study area: Hormod protected area with an area of 208,731 hectares located in southeast of Fars province,
Iran (Fig.1). Most important threat factors of this area, are the droughts, illegal hunting, illegal grazing,
crossing the area by Shiraz-Bandar Abbas Road, agriculture and harvesting edible mushrooms by local
peoples.

Recording species presence points: during the extensive field visits in different seasons of 2022-23, along
the specific routes of the plain and hilly areas as the actual habitats of the species, using a Global Positioning
System (GPS) 45 presence points was recorded (Fig. 1).

Environmental data: based on the literature review, four groups of environmental variables including climatic
factors (Tables 1 and 2), vegetation cover, topographical factors (slope, aspect and elevation) and human
factors (distance from the village, water sources, road, agricultural lands and environmental checkpoints)
which are effective in determining the habitat suitability of this species were used in the modeling.
Modeling: Species presence points were converted into digital layers in ArcGIS 10.3 software, then these
presence points were considered as dependent variables and selected environmental data (layers) as
independent variables. To run the model, 10,000 background points and a maximum of 15 repetitions were
considered. Also, 70% of presence points were used to build the model and the remaining 30% were used to
evaluate the modeling results.

Model evaluation: In this study, the area under the curve (AUC) of the receiver operating characteristic (ROC)
was used to check the validity of the results obtained from the model, which is one of the most common
methods for evaluating predictive models (8). Jackknife test was also used to determine the importance of each
environmental variable in predicting the suitability of the habitat of the species.

Results

Habitat desirability: According to the results, about 36746 hectares equivalent to 17.6% of Hormod protected
area is considered as a suitable habitat and about 171985 hectares equivalent to 82.4% is an unsuitable habitat
for the Persian gazelle (Fig. 2).

Model evaluation: In this study, the value of the area under the curve (AUC) calculated equal to 0.87, that
indicates the “very good” predictive performance of the model (20) (Fig. 3).

The participation of variables in model: in Hormod protected area, the variables of distance from the
villages, vegetation cover, slope and average daily temperature with 41.1, 16.6, 13.7 and 10.3 percent of
influence are the most important variables affecting the suitability of Persian gazelle habitat, respectively (Fig.
4). However, according to the jackknife test, the average daily temperature variable has the highest power to
predict the suitability of the Persian gazelle habitat in the Hormod protected areas (Fig. 5), in the other words
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by removing this variable, the predictive power of the model decreases more than removing any other
variables.

Species response curves: Finally, the response curves of the species to the four main environmental variables
that affect its habitat suitability were examined (Fig. 6).

Discussion and Conclusion

In this study, the habitat suitability of Persian gazelle was mapped within the protected area of Hormod using
MaxEnt software. The suitable habitats of species are located in the northern and northeastern parts of the
study area, which have the greatest distance from human factors, especially villages. The distance from the
village has the most importance on the desirability of Persian gazelle habitat in the study area. Based on the
results, with increasing the distance from the village, the habitat desirability for Persian gazelle increases.
According to the response curves, with an increase in the distance of 10 km from the village, the habitat
suitability for the species increases. It seems that moving away from the village in order to find a shelter to
prevent hunting is very important as one of the parameters of habitat selection in terms of the species of Persian
gazelle in the study area. In a study conducted in the southern regions of Tunisia on Gazella dorcas (5), it was
found that human variables and especially the distance from agricultural lands were the most important factors
shaping the distribution pattern of this species. Also, the study conducted on the condition of the gazelle
(Gazella cuvieri) habitat in North Africa (14) also showed that the presence and distribution of this species is
affected by the increasing distance from human settlements and areas with low human population density. The
results of the present study showed that vegetation plays a role as the second most important factor in the
desirability of the habitat of this species, and the highest presence of the species is in the type of salt desert
rangeland (Salsola tomentosa). In similar studies, the importance of vegetation in the desirability of the habitats
of Persian Gazelle and other wildlife species has also been confirmed (13, 18, 19, 29). Considering the drastic
decrease in the population size and the range of distribution of the Persian gazelle in Iran (3) and that this type
of prey is used by important carnivores such as leopards and cheetahs, we suggest to preventing the habitat
destruction and proper protection of the suitable habitat of this species in the study area.

Keywords: Species distribution modeling; Environmental variables; Human variables; Species response curves
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Fig 1. The location of Harmod protected area in Iran, as well as the species' presence
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Table 1. Meteorological stations used in the research

Row Stations name Station type uT™m
1 Haji-Abad synoptic 393133.15-3132025.55
2 Bastak synoptic 238505.99-3012450.97
3 Bandar-Lenge (coastal) synoptic 290833.19-2940525.29
4 Bandar-Khamir synoptic 358050.84-2981700.00
5 Bandar-Khamir synoptic 283783.92-2936209.58
6 Tange zagh climatology 394762.33-3094340.03
7 Genou climatology 417943.10-3031013.72
8 Tashkuye (Kalegah) climatology 347758.86-3111466.22
9 Zarrin Dasht synoptic 247913.09-3139771.27
10 Lar synoptic 231751.87-3061719.87
11 Darz & Sayban climatology 344438.91-3082696.51
12 Garash climatology 288657.76-3063457.34

Table 2. Description of the environmental variable

Abbreviation Climatic description Dimention Abbreviations Climatic description Dimention
Biol Annual Mean Temperature °C Bioll Mean Temp. of Coldest Season °C
Bio2 Mean Diurnal Range °C Biol2 Annual Precipitation mm
Bio3 Isothermality °C Biol3 Precipitation of Wettest Month mm
Bio4 Temp. Seasonality °C Biol4 Precipitation of Driest Month mm
Bio5 Max Temp. of Warmest Month °C Biol5 Precipitation Seasonality %
Bio6 Min Temp. of Coldest Month °C Biol6 Precipitation of Wettest Season mm
Bio7 Annual Temp. Range (BIOs-B10g) °C Biol7 Precipitation of Driest Season mm
Bio8 Mean Temp. of Wettest Season °C Biol8 Precipitation of Warmest Season mm
Bio9 Mean Temp. of driest Season °C Biol9 Precipitation of Coldest Season mm
Biol0 Mean Temp. of Warmest Season °C
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Fig 2. Habitat suitability classification map (Boolean, right) and habitat suitability map (continuous, left)
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