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Abstract

This study assesses the impact of water resource accessibility costs on the living conditions of wild sheep
(Ovis orientalis arkali) in Tandoureh National Park, located in Razavi Khorasan Province. Data on the
presence of wild sheep were collected throughout the year 2024 through field studies and direct observations.
Maximum entropy modeling was employed to identify areas with high habitat suitability, while the Cost
Distance tool in ArcGIS was used to analyze the cost of access to water resources, accounting for factors
such as slope and roads as environmental barriers to water accessibility. The results of the study indicated
that the distribution of this species is strongly influenced by elevation, proximity to water sources, and
vegetation cover. Habitat suitability map revealed that approximately 15.09% of the study area, equivalent to
5,384.71 ha, demonstrated high habitat suitability, with the most favorable habitats located in the southern
and western regions of the park. Pearson correlation analysis also showed a significant negative relationship
(r="-0.069) between water accessibility costs and habitat quality. In other words, as access to water resources
becomes easier, habitat quality improves significantly. These findings suggest that effective management
strategies, such as optimal distribution of water sources, are essential for protecting sensitive habitats and
improving the living conditions of wild sheep. This study highlights the critical role of water resources in
habitat quality, especially in semi-arid ecosystems. Management priorities in Tandoureh National Park
should focus on improving access to water and conserving high-quality habitats to ensure the survival of the
sp population. Establishing new watering points in strategic locations is vital to reduce access costs. In
addition, protecting existing water sources and addressing environmental barriers such as steep slopes and
fragmented vegetation can significantly enhance habitat conditions.
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Extended Abstract

Introduction

Natural habitats, as one of the key factors related to biodiversity conservation, play a fundamental role in the
sustainability of global ecosystems (1). The mutual interaction between animal species and environmental
elements within a habitat is the main factor ensuring the continuity of life in nature (2). Accessibility to water
resources is one of the key environmental factors that significantly influences many habitats, especially in
arid and semi-arid regions such as Iran (3).

Wildlife species constantly move between food and water sources, and these movements can be influenced
by the cost of accessing water resources (5). The cost of water access can include factors such as distance,
slope, vegetation type, and human-related elements like the presence of roads or agricultural activities (6).
As the cost of access increases, a species’ ability to reach water decreases, leading to reduced habitat quality.
Analyzing this relationship can help identify areas with severe limitations and provide solutions for optimal
water resource management (7).

Using spatial and predictive models is an essential tool for analyzing species distribution and habitat quality
(8). The MaxEnt (Maximum Entropy) model is one of the most well-known habitat prediction models,
operating based on species presence data and environmental variables. By utilizing these variables and
presence points, the model evaluates habitat suitability spatially and identifies areas with a high probability
of species occurrence (9).

In addition to habitat suitability modeling, analyzing the cost of access to critical habitat resources such as
water allows for a more detailed understanding of how environmental factors affect habitat quality. This
analysis considers factors like slope, land cover type, and other environmental features to estimate the actual
cost of accessing vital resources, clarifying the role of these costs in species distribution and habitat quality.
Such an approach offers a better understanding of how access to habitat resources affects habitat dynamics
and suitability and provides a practical tool for managing sensitive habitats (10).

Previous studies on habitat quality and water resources have generally emphasized the importance of the
connection between water sources and species presence. Research examining the relationship between water
availability, biodiversity, and ecosystem health has shown that a decline in water resources can lead to
habitat degradation and a decrease in species populations (11). The presence of domestic livestock in wildlife
habitats can also reduce habitat quality through competition over water resources (12, 13). In Iran, studies
have addressed the impact of environmental factors, such as distance from water sources, on the habitat
suitability of wildlife species (14, 15). These studies have provided a good understanding of how water
resources influence natural habitats, but most of them have relied solely on habitat suitability models to
investigate this relationship.

The present study aims to analyze the impact of water resources on the habitat quality of wild sheep (Ovis
orientalis arkali) in Tandoureh National Park by integrating two approaches: cost-distance analysis and
habitat suitability modeling.

Materials and Methods

This study was conducted in Tandoureh National Park, Razavi Khorasan Province (Fig. 1), characterized by
diverse topography and elevation ranging from 790 to 2,572 m, which significantly influences habitat
diversity and ecological niches available to wildlife species (17). Presence data for wild sheep (Ovis
orientalis arkali) were collected in 2024 through systematic field observations, identification of biological
traces such as feces and footprints, and GPS-based recordings. To reduce spatial autocorrelation, a 500 m
minimum distance between presence points was enforced, following established protocols (18, 19, 20).
Additionally, data were spatially rarefied using ENMTools to minimize sampling bias and improve model
performance.

Habitat suitability modeling was conducted using 11 environmental variables representing elevation,
hydrology, anthropogenic disturbance, and vegetation (Table 1). After applying Pearson’s correlation
analysis (r> 0.8) to avoid multi-collinearity, eight uncorrelated variables were retained for MaxEnt modeling.
The MaxEnt model was trained using 70% of occurrence data, with 30% used for testing. It was run 10,000
iterations and evaluated based on the Area Under the Curve (AUC), ensuring robust predictive performance.
Water access costs, a key factor in wild sheep distribution, were analyzed using ArcGIS's Cost Distance tool.
This analysis integrated slope derived from a Digital Elevation Model (DEM), road networks as movement
barriers, and mapped water sources (Fig. 2). By quantifying landscape resistance, this method allowed for a
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nuanced assessment of habitat accessibility under natural and anthropogenic constraints (21, 22). Such
landscape-scale modeling is crucial for effective conservation planning, particularly in arid and semi-arid
ecosystems where water availability critically shapes ungulate behavior and distribution (23).

Results

The distribution of wild sheep is strongly influenced by elevation, proximity to water sources, and vegetation
type (Fig 3, Table 2). Elevations between 1700 m and 2500 m provided the most suitable habitat for the
species. Habitat suitability map showed that 15.09% of the study area, or 5,384.71 hectares, had high
suitability (Fig 4). Optimal habitats were located in the park's southern and western regions, while the
northeastern areas had lower suitability due to high water access costs. Pearson correlation analysis revealed
a significant negative relationship (r = -0.069, p < 0.01) between water access cost and habitat quality (Table
3), indicating that as water access difficulty rises, habitat quality decreases. Species response curves showed
that wild sheep presence decreased with greater distance from water (Fig 5). The model performed well, with
a high AUC of 0.87 for training data (Fig 6), confirming strong predictive accuracy.

Discussion

This study found that elevations between 1700-2500 m offer the highest habitat suitability for wild sheep
due to reduced disturbance and greater security, aligning with previous findings of optimal ranges up to 3000
m (34). Slope positively influenced suitability up to a threshold, then declined, consistent with earlier
research in Iran (35, 36). Preferred forage species, Artemisia and Astragalus, enhance habitat quality, though
overly dense vegetation may reduce suitability due to limited visibility and predator detection (37, 38).
Aspect had minimal influence, likely due to the lack of seasonal analysis, though other studies link it to
seasonal plant availability and thermal regulation, especially during lambing or extreme weather (39, 40).
Additionally, proximity to escape terrain—steep, rugged areas that offer protection from predators—has
been shown to be a critical factor in habitat preference among wild sheep and should be considered in future
models (41). These ecological relationships highlight the importance of multi-variable modeling for effective
species management.

Conclusion

It is recommended that water resource management be prioritized in the conservation planning of Tandoureh
National Park. The establishment of artificial water sources in strategic locations, along with the protection
and restoration of natural springs and streams, can help reduce water access costs and enhance habitat quality
for wild sheep and other native fauna (24, 25). Prioritizing areas with high habitat suitability and limited
natural water availability will maximize the ecological benefit of such interventions. Additionally, the
integration of GIS technologies and high-resolution satellite imagery enables the accurate mapping and
continuous monitoring of water resources, land cover changes, and anthropogenic pressures (26, 27). These
tools can significantly support adaptive conservation strategies by identifying critical resource gaps and
guiding field-based actions. Moreover, collaboration with local communities will be crucial for the long-term
success of conservation programs, as community-based resource management fosters stewardship, reduces
human-wildlife conflict, and supports sustainable land use practices (28, 29). Education and outreach
initiatives should be implemented to promote awareness and encourage local participation in conservation
efforts.

Keywords: Wildlife species, Maximum entropy modeling, Environmental barriers, Habitat quality
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Fig 1. Location of Tandoureh National Park within Iran and Khorasan Razavi Province
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Fig 2. Location of watercourses, rivers and roads in the study area
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Fig 3. Response diagrams of wild sheep to environmental variables in Tandoureh National Park
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Table 1. ID Code and the plant types present in the study area

maxent_slope _ASCII

maxent_wattterr_ASCII

ID Scientific name
1 Agropyron Spp + Paspalum bulbosa + Festuca orientalis
2 Crotalaria persica (Ononis cristata +Astragalus spp)+ Artemisia aubesens+Festuca orientalis+Centaurea micrantha+Lupinus
noctiflorus+Juniperus pseudosabina
3 Festuca orientalis + Artemisia arborescens + Crotalaria persica (Ononis cristata + Astragalus spp)+ Juniperus pseudosabina
4 Pteropyrum gracilis (Festuca orientalis+ Stipes barbata)+ Cousinia spp
5 Pteropyrum gracilis (Agropyron trichophorum + Festuca orientalis + Stipes barbata)+ Artemisia aubesens + Astragalus spp +
Juniperus pseudosabina
6  Artemisia aubesens + Poa bulbosa
7  Astragalus spp + Poa bulbosa + Artemisia aubesens
8  Agropyron trichophorum+ Poa bulbosa + Artemisia aubesens
9  Juniperus pseudosabina
10 Artemisia kopetdaghensis + Euphorbia cenomanii + Centaurea spp
11  Artemisia kopetdaghensis + Pteropyrum gracilis (Poa bulbosa + Agropyron trichophorum)+ Centaurea spp + Amorpha spp.
12 Anabasis spp + Artemisia kopetdaghensis + Astragalus spp
13 Artemisia kopetdaghensis + Pteropyrum gracilis (Poa bulbosa + Agropyron.spp)+ Juniperus pseudosabina + Amorpha spp. +
Convolvulus oxyphyllus
14 Artemisia kopetdaghensis + Astragalus spp + Centaurea spp + Juniperus pseudosabina + Centaurea micrantha + Amorpha spp
+ Lupinus noctiflorus
15 Artemisia kopetdaghensis + Poa bulbosa
16  Artemisia kopetdaghensis + Festuca orientalis + Poa bulbosa + Juniperus pseudosabina
17 Pteropyrum gracilis (Poa bulbosa + Festuca orientalis)+ Artemisia aubesens +Crotalaria persica (Ononis cristata
+Astragalus spp.+ Acantholimon spp)
18 Acantholimon spp + Astragalus spp
19 Hordeum persicum
20 Dry Farming+ Hordeum persicum
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Fig 4. The most influential parameters on the spatial distribution of wild sheep in the study area based on the

jackknife test

Table 2. Importance and contribution of environmental parameters predicting habitat conditions of the target species

Environmental variable Contribution (%) Importance (%)

Elevation 42.3 9.8
Distance to water resources 17.2 14.9
Vegetation Type 14.1 17.7
Distance to river 7.4 5.8
aspect 9.2 8.6
Distance to main access route 4.2 5.8
Vegetation density 2.9 3.2
Slope 0.7 1.9
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Table 3. Correlation results between the cost map of access to water resources and the habitat suitability map

Accessibility Costs to water resources  Habitat suitability of wild sheep

Accessibility Costs to water resources 1 -0.069**
Habitat suitability -0.069** 1

**Correlation is significant at the 0.01 level (two-tailed)
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