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Objective: The objective of this study was to model the habitat of the Pallas’s cat (Otocolobus manul)
in Iran and to identify the key environmental and climatic variables influencing its spatial distribution,
with the aim of providing scientific strategies for the conservation of this species.

Method: The Maximum Entropy (MaxEnt) algorithm, recognized as a machine learning method with
high predictive capacity, was applied in this research. Species occurrence records were obtained from
the Department of Environment of Iran, which encompassed the data collected by rangers, specialists,
environmental volunteers, and library sources, resulting in a total of 175 occurrence points across the
country. The environmental dataset consisted of 18 variables, including climatic, topographic, and
land-use factors, which were extracted and prepared from global databases and cartographic maps
provided by the National Cartographic Center of Iran. Habitat modeling was performed in MaxEnt
using cross-validation procedures, and the predictive accuracy of the model was assessed based on the
area under the curve (AUC) criterion.

Results: According to the results, the AUC value of the model was 0.93, representing a very good
predictive performance. Distance from the prey (pika) contributed the most (19.5%) to the habitat
suitability for the Pallas’s cat, followed by elevation (18.2%), terrain ruggedness (14.4 %), and mean
annual temperature (14.2%). The habitat suitability maps revealed that although the distribution range
of the Pallas’s cat in Iran covers a relatively broad geographic extent, it occurred in a patchy pattern
within mountainous habitats and areas of moderate to high elevation. The response of the curve
analysis demonstrated an increase in the probability of Pallas’s cat occurrence with decreasing distance
from the prey (pika) and reaches its maximum in higher elevations and more rugged terrains.
Moreover, the species exhibited a preference for areas with moderate mean annual temperatures. These
patterns highlighted the combined significance of topographic and climatic variables as key
determinants of the species’ spatial distribution.

Conclusions: According to the findings, the presence of the prey (pika) was a key factor in explaining
the distribution pattern of the Pallas’s cat, highlighting the species’ trophic dependence on this prey.
In addition, elevation and terrain ruggedness were recognized as the most influential topographic
variables, playing a decisive role in the species’ habitat selection. Considering the specific habitat
preferences of the Pallas’s cat and its patchy distribution across Iran, conservation of primary prey
populations, particularly pika and hare, along with the establishment and expansion of protected areas
in regions identified as highly suitable habitats should be regarded as priority measures in conservation
programs for this species.
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Introduction

Pallas's cat (Otocolobus manul) is a small felid species distributed across Central Asia, characterized by its
highly specialized habitat requirements and fragmented distribution patterns. Despite the wide geographical
distribution, this species is classified as Near Threatened on the IUCN Red List due to ongoing threats such as
habitat degradation, prey decline, and climate change. In Iran, Pallas's cat inhabits high-elevation steppes,
rocky plateaus, and semi-arid mountainous regions, yet there is a lack of comprehensive studies exploring its
habitat preferences and distribution at the national scale.

Historically, research on Pallas's cat has focused primarily on its behavioral ecology and dietary composition
at local scales, while regional assessments integrating environmental variables to predict its distribution remain
limited. Recent advances in species distribution modeling, particularly machine learning-based approaches
such as Maximum Entropy (MaxEnt), have enabled ecologists to predict potential habitats even with presence-
only data, thereby providing invaluable information for conservation planning.

The present study aimed to model the potential distribution of Pallas's cat across Iran using the MaxEnt
algorithm to identify key environmental determinants shaping its habitat suitability, with two main aims:
creating a map showing where Pallas's cat can live in different ecological areas of Iran and finding out how
much factors like climate, land shape, and land use affected its presence points.

A review of the existing literature indicated that Pallas's cat was a habitat specialist that primarily preys upon
pika species (Ochotona spp.) and inhabited rugged terrains with minimal human disturbance. For instance,
studies in Mongolia and Tibet had demonstrated the strong trophic dependency of Pallas's cat on pika
populations and a preference for high-elevation rocky habitats with sparse vegetation cover. However, in Iran,
such ecological insights remain fragmented and geographically limited, highlighting a significant knowledge
gap that constrains effective national-scale conservation planning.

The target audience of this study included wildlife ecologists, conservation planners, environmental
policymakers, and researchers focusing on carnivore ecology and habitat modeling. This research was built
upon the ecological theory of niche modeling, employing an explanatory design to identify environmental
determinants of habitat suitability, and aimed to develop an understanding that informs practical conservation
interventions.

To achieve these goals, this study applied a quantitative method with the Maximum Entropy model, which
works well with data showing only where species are present and is known for its accuracy in predicting where
species can be found, even when dealing with complicated environmental information. The rationale for using
MaxEnt lay in its proven effectiveness in similar studies on rare and elusive species where absence data were
unavailable or unreliable.

Overall, this study aimed to address a significant lack of information about where Pallas's cat habitat in Iran
was, helping to guide conservation efforts, manage habitats, and support future research on this mysterious cat
species.

Method

This study aimed to model the habitat suitability of Pallas's cat (Otocolobus manul) in Iran using the Maximum
Entropy (MaxEnt) algorithm, a machine learning-based approach. A total of 175 presence records were
compiled from the Atlas of Iranian Mammals and validated field reports by experts and rangers. Environmental
variables included 18 predictors categorized into three main groups: climatic variables, such as annual mean
temperature and seasonal precipitation (obtained from the WorldClim database with a spatial resolution of 905
meters); topographic variables, including elevation, slope, and surface roughness; and finally, land use and
anthropogenic factors, such as distance to roads, cities, villages, agricultural lands, and main prey species (pika
and European hare). Data processing was conducted in ArcMap 10.8.2, involving clipping layers to Iran’s
boundaries, removing highly correlated variables, and calculating Euclidean.

Results

The MaxEnt modeling of Pallas's cat (Otocolobus manul) distribution in Iran demonstrated high predictive
performance, with an AUC value of 0.93, indicating excellent model accuracy. The response curves showed
that habitat suitability increased in areas with proximity to pika populations, moderate annual temperatures,
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higher elevations, and greater surface roughness. Analysis of variable contributions revealed that distance to
pika (the prey) had the highest contribution to habitat suitability (19.5%), followed by elevation (18.2%),
surface roughness (14.4%), and annual mean temperature (14.2%). Other variables such as distance to forests,
seasonal temperature, and NDVI also showed minor influences. The habitat suitability map showed a
fragmented distribution pattern for Pallas's cat across Iran, with highly suitable habitats concentrated mainly
in mountainous regions and semi-arid steppes. These areas had high altitudes, rough landscapes, and were
close to pika populations, indicating that Pallas's cat relied heavily on its prey and preferred complex habitats.
Overall, these results indicated that the distribution of Pallas's cat in Iran was strongly influenced by prey
availability and topographic features, emphasizing its ecological specialization and potential vulnerability to
habitat degradation and prey population declines.

Conclusions

This study revealed that the distribution of Pallas's cat (Otocolobus manul) in Iran is primarily driven by the
presence of pika prey, which had the highest contribution to the habitat suitability model. This finding aligns
with previous studies across the species’ range, highlighting its strong trophic dependency on pika populations.
Research in Mongolia, Tibet, and Nepal has consistently shown that Pallas's cat predominantly preys on pika,
often relying almost exclusively on this prey species, and uses abandoned marmot or fox burrows for shelter,
further emphasizing its ecological specialization.

In addition to prey availability, elevation, surface roughness, and annual mean temperature were identified as
key determinants of habitat suitability. According to the results, this species tended to inhabit high-elevation,
rugged terrains with semi-arid climates, preferring rocky steppes, mountain plateaus, and areas with sparse
vegetation cover. These findings are consistent with global studies indicating that Pallas's cat typically
occupies elevations ranging from 1,000 to 5,000 meters, favoring habitats that provide adequate camouflage
and reduced human disturbance.

The modeling results showed a fragmented distribution pattern for Pallas's cat across Iran, reflecting its patchy
habitat preferences and low population densities in remote areas. This fragmented distribution, combined with
its specialized dietary and habitat requirements, renders the species highly vulnerable to various threats,
including habitat degradation, climate change, and prey decline due to poisoning or overgrazing pressures.
Importantly, the study emphasized that conservation strategies must prioritize the protection of pika
populations, as their decline can directly threaten the persistence of Pallas's cat. Maintaining healthy pika
populations ensures food availability, while conserving structurally complex, high-elevation habitats with
minimal human encroachment is critical for providing shelter and hunting grounds for this elusive felid.
Furthermore, the study highlights the need for regionally tailored conservation and management plans that
consider local ecological conditions rather than relying solely on continental-scale data. Given the species’
ecological vulnerability, continued monitoring, habitat restoration, and public awareness campaigns are
essential to mitigate threats and support its long-term survival in Iran. Overall, these findings provide valuable
ecological insights that can guide effective conservation planning, habitat management, and policy decisions
to protect Pallas's cat populations across their Iranian range.
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